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Page 331 331, Line following Equation | (30), should read, “Ri = 2440 lb, and we 


x 2440 X 15 + 0. 072 x1 998 15 = 80 124 ft- 4b.” 
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M _ 6 x 80124 x 12 


| 331, ‘Eleventh line from bottom should seeds: 
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The | traditional manner of determining suitability of material for earth» 7 

- is to exercise judgment, based upon previous experience, aided 1 by sense 
_ testimony, such as appearance, “feel” to the hand, and possibly grittiness 
between the teeth. In recent years, with increase in the number and size of 

- lhl dams and the occurrence of unexpected failure, it became apparent 

& a more scientific m nethod of selection was needed. The first efforts i in a 

¥ _ direction were for hydraulic- fill dams where knowledge of particle size e and q 


; sa gu uide to safe and permanent 


Lae 
an economic competitor of the fill Due to this fact and to 
the freedom of the rolled-fill dam from the element of treachery during con- 
_ struction, it is becoming a more popular type of dam. The : rolled- fill dam has 

< this disadvantage, however, that if failure occurs, it does so when the ‘struc- 
_ ture is in service and after it has had full opportunity to absorb water. Due 
& this characteristic an and to the fact that practical earth- testing methods 

- have now become more or less standardized i in other lines of technical activity, 


8. ney extends 
4 to ‘the ‘selection of material and to ‘control devin. construction. 


Nore.—Presented at the meeting of the Irrigation Division, Los Angeles, ‘ Calif. 
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ROLLED-PILL BARTE EARTH paws 


a8 developed : from the latest research and practice are drawn upon as a basis in 

4 a for conclusions. These principles are supplemented by certain research find- su 
[ ings in concrete technology. » Iti is shown that particle size has a direct rela- ¥ 
tion to the more important properties of earth ‘material | affecting its suitability: 7. 

rolled-fill dam construction. Mechanical analysis, combined with micro- 
scopic examination and, in some cases, a simple mineralogical test, is 


factors may be confirmed by tests for ‘compaction and 


ow REQUIREMENTS FOR 


_ The principal requirements for suitability of material for the impervious | 


part of a rolled-fill earth dam are: 
5 (1) Permanent stability against sloughing | when saturated; 


in thin upon 1 the top of. ‘embankment by ‘the 


(5) Reasonable cost of handling, inclnding excavation, _ transportation, 
spreading, and compacting. 


If the dam includes a Permeable stream. section, of 


i. _ The essential requirement for stablization of of earth is high shearing — 


strength resulting from a proper combination of cohesion and internal fric- 


tion. This can “be secured in a well-graded ‘material through mechanical — 
_ Compaction to the point of maximum density by tamping, rolling, or the — 
tramping of animals. Internal friction in an earth material | is produced by 


the rubbing together of bulky granular particles held in contact by the forces 


of cohesion. ‘The presence of coarse material, such as and sand, is 


Cohesion depends upon the adhesive strength dus to molecular 


“pers sq ft, when combined with a cohesionless sand will i ‘increase the supporting | 


Be of the latter from 270 Ib per sq ft to 2 500 Ib per sq ft. Water films 


a 7 in liquid or plastic soils usually have the same characteristics as water i 
i bulk but when the thickness of the films i is reduced by drying or mechanic 


compaction of the soil to a semi- solid or solid state, the boiling point of ‘film 


ss water rises, the freezing point lowers, ‘and the surface tension increases so 


that the films become tough. Charles Terzaghi, M. Am. Soc. OC. E., states that q 
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ROLLED-FILL EARTH DAMS 


in thicknesses of less than. 0.000002 in. ia? water films behave ‘like » semi-solid 
The thickness of films on river sand passing a 10- mesh sieve has been pe 

estimated at 0.00002 in., and that passing a 60-mesh sieve at 0.000005 - 
‘This thickness decreases with the } size e of the particle, and i in n the case — clay 


— 


= compaction of a plastic soil, the latter changes to a semi-solid or "solid a? 
_ condition and ‘acquires stability. If the size of the earth particles is suffici- _ 
ently varied and a sufficiently high degree of compaction is obtained, this 
becomes permanent even -when the material is submerged in 


for rolled- fill dams. Research in the latter field has oda the fundamental — 
principles of earth compaction", while the former among many other — 
has contributed a basis for the selection of materials for earth road surfaces? _ 
_ Probably the most severe test for the stability of earth material is as a 
wearing surface for an earth road. a surface must ‘Temain unyielding 
4 and hard under pressure and the impact of the heaviest traffic; . and it must 
_ be free from mud in wet weather or excessive dust in dry weather. | _ Although > 
the forces acting upon a dam are not concentrated as are those upon an earth = 
road, they are of similar character. They consist principally of pressure 
- from the weight of superimposed water and impact from waves and <= 
=e shock. A: An earth dam must also retain its stability under alternate sub- 
mergence and atmospheric | exposure. Because of the similarity in require- 
ments for permanent stability in earth roads ond in earth dams, the inter- 
he Without goin; into > unnecessary detail, th conclusion may be stated that 
going y e y 
as the result of research, now thoroughly tested in practice, permanent 
‘Stability in rolled- fill: earth dams ¢ an be. obtained with w well- -graded material a 
-camnpactel at a critical ‘moisture content by use of appropriate mechanical _ 
equipment. The importance of this finding detailed 
consideration of both grading and compaction. 


Grading. —A graded earth material is a mixture of earth regu- 


larly proportioned by size. The most desirable range of ines and degree of 
grading differ with the type of construction and the « service. For 
aggregate a limited number of coarse particle sizes is used. For stabilized 
earth a wide variety of sizes, including both very coarse and very fine, is 
desirable. In ‘earth-stabilization- practice it is seldom possible from the 
economic standpoint to prepare artificially graded materials, so that aed 
st be used which conform as nearly as possible to an ideal 


grading in earth th stabilization i is twofold: 


yo 


Journal, Am. Chemical Soc., Vol. 41, 1919, p. 477. 
Record, August 31, September 7, 21, and 
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—_eohesion and high internal friction: and (2) to secure maximum density. 
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The of a well-graded earth result from 
in particle size. The coarser particles held on a No. 10 sieve, including © 
4 gravel, pebbles, and cobbles, may be considered as the coarse aggregate and the E 
finer particles p passing the No. 10 sieve and consisting of fine gravel, sand, 
silt, and clay, combined with water, may be considered the mortar. 
. 3 ‘The function of the coarse aggregate and coarse . sand is to provide structural 
strength and hardness and high of internal friction. fine 


th Ae 


= void spaces to such dimensions that tough connecting water 

films are formed which produce strong cohesion. It is” thus evident that 
— of all sizes from pebbles’ to clay are necessary to ‘provide a a full 
degree of strength, hardness, ‘cohesion, and internal friction. 


are having uniform size such as as ‘filter ‘sand or 
Thee whereas those of least ‘Porosity a of particle size. 


{— 


- 


by 


_ in 1934 in a report giving mechanical analyses and porosities for medal: 
hundred “undisturbed samples of alluvial material Coastal 
_ Basin of Southern California. Data for eight typical samples from this” 


* report have been plotted in in Fig. 1. § Samples G- 151 , G- “145 ,» and G- -107 con- 


_* Bulletin 45, Div. of Water Resources, State of California, South Basin 
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tain all sizes Siete large cobbles to fine sand, with a preponderance of coarse 
sizes ani and 1 regular gradation of fine particles. The Porosity of these three 
‘samples ave averages ‘per cent. Samples G-112, 110, and G-325 are com- 
Z posed of fine and medium sand. These samples have porosities averaging 42%, 


and those with the intermediate ranges of sizes -Tepresented by Samples 


G-117 and G- —94 have porosities between these two extremes. 
“§ Curves plotted to a semi-logarithmic scale which flatten out toward th - 
fines and are concave upward represent well- graded material, whereas: those 
which are flat in coarse material and become steep toward the fines, or are 2+ af 
nearly straight and vertical, represent uniformity in particle size. — The rn 
"progressive decrease of porosity with grading is strikingly shown i in Fig. 1 a ; i) 
__‘The ideal grading for maximum density has been thoroughly investigated 
in the well- known experiments on aggregates and concrete by Sanford E.— 
Thompson, M. Am. Soe. C. E., and the late William B. Fuller, M. Am. Soe 
E, in 1903’, by those of A. N. Talbot, Past- President 
Hon. M. Am. Soe. C. E. » and F. E. Richart, M. Am. - Soc. ©. E., in 1919 4 
to These experiments show that regular grading produced greater 
density than irregular grading, and that maximum density resulted from a 
telatively co coarse grading As a result: of his experiments, 


the prepeetien' by weight passing a given screen or sieve a 
opening; d = size of opening; D = maximum particle size; ; and » = an 7 
exponent. These experiments were conducted on graded mixtures with several 
maximum sizes of aggregates and 1 values of n nm varying from 0.24 to 1. 20,00 
representing mixtures varying from extremely fine gradings to extremely 


coarse. Characteristics of gradings for typical values of n, as shown wn by these 


For n = 1.0, the ‘curve of Equation (1) is a straight line when plotted 


scale and represents avery coarse grading; 
0.5, the curve is a parabola (naturel and represents 


sieve holes are of the same me shape) ; it maximum 
of mixture for aggregates having a maximum size of approximately } to 4 in. nies 
Basti For n = 0.33, the curve is more nearly an ellipse (natural scale) — oe 4 
‘represents a fine grading with maximum density of mixture la rape 
E 22%) for aggregates having a. a maximum size e of from 1 in. to 2 in.; a 
For n = 0.25, the curve also resembles an ellipse and represents net : 


is applicable to earth mixtures and may be wind as a criterion 
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“ROLLED- EARTH 


4 analysis ¢ curve for Sample G-151, the curve for n = 0.33 corresponding most | 
closely i in position. similar plotting with a 5-in. -(128-mm) maximum 
Ais 


shows that the grading curve for 1 0. 33 also corresponds "generally yin 


‘of shape and position with the mechanical analysis | curves of Samples G-145 


and G-107. These three samples all have high density (average porosity, 
15%) Similar 


r plotting against the mechanical analysis curves of five other — 
samples, all of which have lower densities, shows no similarity in shape or 


position. Ino other words, the Talbot grading equation autome atically 
nates the material of highest density, 


Example 2.—Based upon extensive experience, t the United States ¢ 


of Public Roads recommends the following size specification for mixtures 
having sufficient stability for earth road surfacing’: =” 


 passingby ‘passing by 

55to85 = No. B10 10 to 25 

_ The soil mortar in n this material passing the N No. 10 sieve ) has a composit on 


tol. 

0.01 


| Greater than 15 


ire with grading curves for the corresponding maximum particles s sizes. Here, a 
oes again, there is found to be a very close agreement in shape and position, th 

 eurve for n = 0.33 lying closest to the mechanical analysis curve for the mix- 
= ture, and n= closest to the: corresponding curve for the soil mortar. 


— 8 8 e selection of natural ea valine 
— for density in the se 
— This is shown by the following two exam “ = 
—— 
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— 
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- esignate al 
z curves tor I ing of earth roads. 
— a ree ture found to be satisfactory for l ded that the Talbot grading 4 
rth mixture found to be s clu iterion 3 
a 7 4 From these and other studies d 0.50 may be used as a criterion ~ & 
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2—Size SPECIFICATION OF Mixtunss RECOMMENDED BY U. S. Bureau or PUBLIC 

-Roaps ror Surracine Barto RoaDs. 


_ The purpose of compaction of earth material is to bring the soil particles — 
o uniform close contact. This has three effects: ‘First, it increases the 
‘wechaniea bond by interlocking the individual grains; second (and, of much 
“more importance), it decreases the thickness of connecting water films, thus 
greatly increasing their adhesive force; and third, it partly expels air ‘which, * 
if retained, would ultimately be replaced by water, thus increasing the thick- — —- 
ness of water films and decreasing cohesion. The net effect of compaction 


increase density and produce permanent cohesion. owas whet bled 


_ In open areas s earth is compacted by spreading it in thin in layers: and 
rolling it with trucks and heavy flat rollers, or kneading and rolling it with 


_ sheepsfoot rollers. — In restricted spaces the material is made compact by wa 
j 


The principles of soil compaction and their to 


_-Tolled-fill fill earth dams in ‘the selection of materials and control con- 

struction have been thoroughly developed by R. R. Proctor, M. A ek 

His work shows that in a given earth material and for each 4 
2 method of compaction, there is a critical moisture content at which 1 maximum 

_ density is attained. Higher water content results in increased plasticity, a, 
larger voids, and less s density, until a point is reached at which equipment 

will not be supported. — A lower content may produce a fill of greater apparent 


stability with little or no plasticity, but one a greater void 
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the fill and may finally produce sloughing or piping, 
For each type of construction on equipment there is a critical moisture, con- 


by water r and the will become saturated. “This pow 

4 

tent which will produce the p proper per degree - of lubrication for maximum density. 


_ With a heavier or a different type of equipment, however, there is a lower © 4 


critical moisture content at which a still greater ‘density is attainable. For 


— given degree | of density both type and weight of construction and aa? 


2 __ Although they were very complete, Mr. -Proctor’s tests did not result: in 4 


formulation of definite rules for ‘the ‘selection of material. He states 

that “soils that are poorly graded and almost lacking in fine particles can- 

not t be us used”; and that “those of high clay content” should not be porters q 

because of the higher cost of handling. It is obvious, however, that a clay 

material of very fine texture such as bentonite would be impractical for 

dam construction regardless of the cost of handling. a There is a limit in 
fineness of texture, therefore, as well as in coarseness. 


aq Recently, the writer had an opportunity to tein this limit in on 


4 nection with the selection of material for the Coyote Dam being built near 


- San Jose, Calif., by the Santa Clara Valley Water Conservation District. -_ 


Among the materials selected for testing was one of ancient lacustrine origin. 
With the passage of time this material ier; become indurated to a. omg A 


in preliminary field had favorably 
_rolled-fill construction of the impervious section of the dam. When samples — 
from the weathered zone were subjected to mechanical analysis: by the sieve 
and hydrometer ‘method, difficulty was experienced in breaking the material 
down to ultimate particle size during the ordinary period of stirring, even 
with pre-treatment. Microscopic examination of particles after stirring, as 


rounded aggregations of silt tte clay representing particles of original silt- 
4 stone. These particles were soft | and more or less plastic, | and after drying 
_ erushed easily under the thumb- -nail. _ With long-continued further stirring 
_ these aggregates finally broke down ete particles of silt and clay size. It ; 
as also found that larger unbroken pieces of the original material absorbed 
water rapidly and softened so as to crush easily between the fingers. 
es ‘The question then arose as to whether this ‘material would act in the 1 ee 
completed fill as a mixed sand, ‘silt, and clay, which was the ‘constituency 
as indicated by field examination and standard mechanical analysis, or 
whether it would act in accordance with ultimate particle sizes as obtained . 
by prolonged stirring. The latter indicated a material of finer texture than 
that of the borrow- -pit samples from Alexander Dam, in Hawaii, and closely — 
Pesury the core samples from that dam. ‘The experience with such fine | 


material for ‘rolled- fill construction both in the Islands and elsewhere has 


been very This is by the clause often placed 
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ed-fill dams, requiring exclusion of adobe soils. It 
_ was determined, therefore, to make a series of compaction tests, including 
_ materials from very fine to very coarse texture, and to observe especially the 


TABLE 2.—Description or Samptes Testep at Covore Dam, mv CaLirorNiA 


Classification 
pei “ht 


Type of material | Location aah 


j it 


Silty clay 
Sandy clay 
» 
Sandy clay 
Clay loam 
Fine sandy clay — 
Coarse sandy loam 
Coarse sandy loam 


Sandy gravel 


Antioch clay loam 
ch el 


Siltstone 


‘Weathered 
stone 
Weathered sand- 

stone || 
Weathered Fran- 

ciscan sandstone 
Alluvial sand 
Disintegrated Santa 

Clara formation 
Weathered sand- 

stone 


Weathered Santa 
Clara formation 


Bed of reservoir 
Borrow-pit 
Sample pit 
Sample pit 


Sample pit he 
Sample pit 

Sample pit 


Sample nit 


Zuni _ Reservoir, 
N. Mex, 
Costa Dam, 


it. 
Coyote Dam, ~ 
Almaden Dam, 
Calero Dam, 
| Cal 
Coyote Dam, 

Calif. 


Stevens Dam, | 
Stevens Dam, 


Calif. + 

Almaden Dam, 

a 

Stevens Dam, 
Calif 


Finesand Beach sand Cliff House Beach, 
i, extent to which air remained in the compacted samples, Ten samples were | 


selected for testing as described in Table 2. Mechanical analyses of samples — 
were made by the standard hydrometer and sieve method as developed by the — 


~ 


Silty Clay 
Fine Sand 


= 


00 


10. 2 T 


Sieve Openings in Millimeters 


ANALYSIS OF SAMPLES TEST 


- 
| q big 
re 
| 
— “a ‘ 


ee largely of f siltstone, the suspension was sholons for 17 hr on & revolving 
4 wheel and correction was made after a microscopic examination and a count 
of undigested siltstone particles in the various screen fractions. The 
results of mechanical analyses are shown graphically in Fig. 3. oot. MIA 
Bh. Compaction tests were made on all samples in ‘conformity ¥ with the stand- 
ard laboratory method developed by Mr. Proctor, the results being listed in 
Table 3. ‘The samples have been arranged i in ‘this table i in order of texture, ire, 
TABLE 3. —SumMary or CoMPACTION Tests 


with Water ConTentT; Arm CONTENT 
| GREATER THAN AT aT MaxImuM © 


hee ComPACTION 
t, | content, r Percentage] water, |Percentage| water, 
| percentage’ ‘by volume by volume 
by weight by weight y weight 


(20.8 | 44.5 | 1490 6.03 | 4.21 | 10.9 | 6.80 


116.0 


123.0 


1.86 
54 
2.46 
2.10 
33 


| 

30.0 | 2300 | 5.13 | 2.70 


=; 


| 11.0 | 40.2 | 4.80 | 8.45 | 20.8 | 


beginning with the finest, and have been Brouped into five classes according 23 


to the a S. Bureau of Soils Classification, namely, clay, silty clay, loam, 
~ sandy gravel, and fine sand. - Summarizing by group averages, as in Table . 
it clearly 7 appears that the quantity of entrapped air at maximum -compac- 
tion is by far the least in the loam group, and greatest in the clay a nd sand 
with silty clay and sandy gravel occupying an intermediate 
| This conclusion - is further ‘illustrated i in Fig. 4, upon which all compaction — 
est curves, after adjustment to one true specific gravity of 2.80, are assembled 
ith the ¢ curve of zero air voids. _ The horizontal distance between any point + 


on a nd the line of zero air voids. represents air voids as 
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_|CREASE IN WATER - 
OMPACTION IF AIR IS 
Class of teria — ——— 
Limits in| Water |p; 


content; | in water 
proportion content, Porosity, in in} of | equivalent | content if 


of clay, water as |saturated; 


t 


30t0100 | 23.9 82.6 


30to50 | 4.60 21.4 
20 to 30 | 31:8 


}15to0* | 11.1 30.0 | (3:60 32.4 


Each texture 


the diagram, thus indicating differing physical properties. Compaction 
130-— 


Dry Weight of Earth, in Lb per Cu Ft 


3% 
= 


a ® 10 30 35 


aden —Cunves oF COMPACTION AND AIR. Vers. pri 

curves: for clay, silty clay, and sand groups, are farthest from line zero 


peaks. The group is the closest to the line zero air voids, 
es has the greatest dry weight, and its curves have very sharp peaks. The sandy 
.* gravel curve, 1 Ee having a sharp peak, and dry weight similar to > those 
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a ROLLED-FILL EARTH DAMS 


for farther courte of zero air voids. The of 
loam from the standpoint of dry weight and minimum air voids is apparent. 


— newer this superiority in terms of mechanical analysis, the data in 


to 15%, the latter limits depending on the the 

ith regard to the disintegrated | siltstone (Sample 0G), it appeared 
that the air content at maximum compaction expressed as equivalent water 
was three times that of the next nearest available material represented by 
3 = Sample: [15-C9 (Fig. 4) and that it lay in the clay group in Fig. 3. Due to 
the large percentage of air voids, even under ideal conditions of handling 

in the laboratory, and the probability of non- -uniform compaction in the fill 

- to difficulty in handling, the siltstone was discarded for use in the ; ‘main 


‘The wai water-tightness of | ‘an earth dam is determined by the degree of 
™ Sa of the material as compacted i in the fill. This impermeability, — 
in turn, depends upon the gradient, or relation of hydraulic head to length _ 
of soil column traversed by the 5 weheb, the ‘temperature of the water, and the 
character of the material. Since the variation in range of maximum gradient | 
and temperature for earth dams is relatively narrow, the most important ; 
variable is the material. This affects ‘impermeability both from the etand- 
point of the frictional resistance offered to the movement of water, and 
the molecular attraction of solid 1 particles for water. 
fl _ Frictional resistance is a function of the smoothness of the walls of voids, 
but principally of size of void openings. Molecular attraction is also a func- 

_ tion of size of void spaces, although it does not become important as a factor 
1y influencing impermeability until void spaces | are small enough for an appreci- } 
able volume of the water occupying them to be within its effective range. F 
/— When the latter occurs, the ‘portion of the water affected ceases to act under . 

7 the influence of gravity and becomes stiff and immobile, thus alee | ; 
4 - _ effective flow area. When void spaces are small enough to be spanned com- 
” pletely by molecular forces, all water acts as a semi-solid, and flow practically 
ceases. ‘Such material is completely impervious. aN 


practice it i is not always possible to construct a fill that is absolutely 1 


earth- dam construction a compacted material in 1 place | in the fill hevine “2 4 


i. permeability < coefficient of 0.10 gal per sq ft per day may be considered as 
= water-tight. The permeability coefficient is defined herein as the — 


quantity of water, in gallons per day, flowing through a section of od q 
to the direction of flow and 1 ‘ft in in area under a 


a 
| 
| 
| 
—- as thus defined is equivalent to a percolation rate, as defined by Proctor, of | 
4.86 ft per yr. For an earth dam of uniform construction 200 ft in height, 
2 a re and 650 ft in average width, with a slope of 1 on 2.5, a top width of 20 ft, and ‘ 
— 


10- free-board the water-table just surface of the 
ground at the down-stream toe), a permeability coefficient of 0.1 gal per sq ft 
«per day represents a mage when full, of approximately 2600 gal per a 
or 0.004 cu ft per sec. Under certain conditions 
= exceeding 1.0 gal per sq ft p per day might be allowable, = Be oe 
a - ‘The recent standardizing of methods for measuring and expressing perme- 
a ability make possible a correlation of mechanical analysis and permeability 
coefficients. Based upon the study of numerous permeability tests made 
Ae the Pacific Hydrologic Laboratory, and Hydrologic Laboratory, Waiter 
Resources Branch, United States Geological Survey, the statement can 
"made that regularly graded material having a a degree of fineness sufficient a = 
include at least 3% of clay, or ungraded material containing at least 25% 
of clay, when thoroughly compacted, is practically water- “tight. Partly” 


. } 


im 


~ 


Sample ‘Square foot Jig Sample square foot | 
per 24 hours | of voids) | 
| 008 | 
| 3 


* The on three samples were oan approximately; the remainder were not goded. 
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EARTH DAMS” 


grading. These conclusions are illustrated by mechanical analysis oud 

data for a wide variety of samples as presented in Fig. 

Samples L15-S10 and L15-86 ‘closely approximate regular “grading, the 

_ mechanical analysis curves being roughly parallel to the regular grading curve a 

for n = 0. 33 (see Fig. 5). Sample 2, which conforms more nearly to 


_ the other two. Sample 215-810, which nearest to the ideal ‘curve, 


contains: only 6. 5% of silt and clay and approximately 3% of clay. Its perme- 


ability coefficient is 0.01. Sample L15-86, which is lese well-graded, 
permeability coefficient of 0.034, and clay content of 17. Sample L12- 2, 
which is poorly graded ‘and has only 9% of clay, has a permeability coefficient 
samples’ listed in Table 5 are ung traded. Samples 3 and 1, with 4 | 
and 29% of clay, are impermeable; but 9, with 17. 3% of clay q 
and 53.1% of silt, has a "coefficient of 1.6; and ‘Sample 10, with 23% 


clay and of silt, has a coefficient of 2. 28, Other with less than 


with 3% of clay ‘and 68. 6% of 
‘These data illustrate in a striking manner importance of 
confirm the statement that. 3% “of clay: in graded, and 25% of ‘clay. in q 
ungraded, material is sufficient to render it impervious, = 
n passing, it should be noted in Fig. 5 that the mechanical analysis” 
“euryes for graded materials a are concave upward, steep in large sizes, 
flattening out toward the fines; whereas ungraded materials are convex e 
upward, flat i in large sizes, very steep in intermediate sizes, and either ‘steep a 
r flattening out in very ‘fine sizes. These characteristics are useful when 
interpreting mechanical analyses with reference to permeability. 


workable n material i is one that can be compacted readily into a of 


fulfill this requirement the ‘material: must compact easily, ‘and not be ‘80 
to cause e the equipment to wear out rapidly, nor so sticky 
delay the spreading and rolling operations. These qualities are controlled 


Materials that compact most easily are graded 
i : a and sand with a silt and clay percentage of from 10 to 25 to supply lubrica- | 


tion. application of pi proper ‘moisture percentage for maximum 


wey 


Harshness is produced by ¢ coarseness of grading either with or or without 
maximum size of particles, ‘such as large pebbles and cobble-stones. 


‘stone varies with the thickness of the layers 


a 
le 
n 
0 
i 
is as ____increase. Sample 47, with no clay and 54.7% of gravel, has a coefficient of 9 
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or, 


and the type of rolling equipment, whether flat or With 6-in. 
layers, cobbles should not exceed in. in diameter. The allowable ‘coarse 
ness is also related to the type of equipment. Asa general practice, values a 
of n in Equation should not exceed 0. 
‘Stickiness is p produced by high clay ‘content. ' The allowable quantity 
; be varied, depending upon the type of equipment and time at which moisture bel 
is applied. In general, clayey material with a moisture percentage ae 
‘maximum density compaction is not sticky in handling, provided the 
. moisture is uniformly distributed 1 through the mass. Clayey material i is very 
slow to absorb water, however, and if worked immediately after sprinkling 
- may be very sticky, even if the proper quantity of moisture has been added. a 
This is due to the fact | that the moisture content of the exposed surface with , 
which equipment comes in contact is temporarily far greater than the critical 
moisture. If several hours are allowed after sprinkling for complete absorp- 
tion and distribution of moisture, no difficulty may be experienced. ped 
‘There are also” other methods of overcoming stickiness which do not 
involve delay. 1 The sprinkling of the rolled surface | of the previous layer 
immediately in advance of | dumping ‘material for the new layer has | proved — 
successful. The exposed surface of the new material remains comparatively a 
dry during the the process of ‘spreading and initial rolling, attaining an ultimate 
moisture content not in excess of the critical moisture after the water: has 7 
moved slowly upward through the layer by capillarity. | ye _Another method i is to. 
sprinkle the material in the bank before excavation if natural moisture is a 


much below the critical. In some instances, ‘rainfall will moisten the soil ‘, -. 


ag 


; in the the bank or | borrow- -pit to a depth moisture 
up to the percentage desired. 


poe, 


An obv obvious requirement for permanency in an é earth dam is that the sub- a 

a ‘stances col composing the individual earth particles must ‘not be ‘soluble. ba Gypsum 

and lime are frequently encountered in sedimentary rock formations and a 1 4 

appear in alluvial deposits either as incrustation or nodules occupying 
voids, ail as of the original material. Although. these 


a water» will dissolve per remove in time, the 
more porous threatening its stability water-tightness. to 


observation, aided so with a pocket 1 microscope or an or an acid test. 


; “ - Other requirements having been : satisfied, the cost of handling the material 


is of final importance. ‘Handling includes the operations of excavation, 
te spreading, and rolling. Important factors affecting the ‘cost 


of material taken from a given bank or borrow- “pit are the distance a 


relative elevation from the dam, the | quantity of satisfactory ‘material « avail- ; 
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FILL ‘EARTH. DAMS 
4 with reference to the volume of the dem, the ‘clay content of ‘the 


material. The relation of these factors to cost is well un understood and needs 


ANALYsIS As A Basis ror SELEOTION ol 


TT Of the five | requirements for judging the suitability of material f for rolled-— 
fill earth dam construction (cited previously), the three most important are 
stability, water-tightness, and workability. There is an intimate relation 
between each | of them and t the mechanical 1 composition of the material. Sta- 
bility and water- -tightness are both ‘secured as a result of ‘regular 
of particle sizes and compaction of material; grading i is entirely a matter of 
mechanical composition. order to be effective permanently, “compaction — 
‘gf necessitates the establishment of limits for the clay and silt fractions, — Work- — 
ability also involves limits, both for fine and coarse fractions. . T his suggests 
te possibility f for using mechanical analysis as a for 


+ 


Examination of mechanical analysis curves for a variety of 
[gis 
guch as those shown in Fi igs. 1 and 5, ‘discloses great divergence in 


curvature, and terminal points. _ Even between fixed terminal points an lar 


number of curves are possible. Such curves _Tepresent material 
varying from -graded to uniform size of particle, from dense to very 


and from impermeable to highly permeable, As these extremes result 


. not only from variation in particle size, but also from variation in ‘grading, 


it is apparent that if any method of selection based on mechanical ; analysis is 


to be successful, it must include limits of size as well as of departure from > 
» ee grading. If ‘specified from the graphical standpoint, this means that 
in referring to the mechanical analysis diagrams, limits” in shape and feng 
of curvature must be considered as well as limits in area. . To establish such | 
oe. limite, ‘it is proposed, first, to set up limits of particle size for coarse and for — 
materials; and, second, to prescribe curvature limits based "upon n both 
_ degree and fineness of grading. The establishment of a size limit for coarse — 
materials has already been attempted“ by E. W. Lane, M. Am. Soe. E 
= to date, no attempt has been made to establish limits for size of fine 
materials, nor for degree and fineness of grading. 7 oe co te abn 
Before proceeding to ) details, | it should be roted: First, that the terminal : 
— of a mechanical ‘analysis curve indicate size limits; second, that the 
= slope of a mechanical analysis curve indicates the Sndenee of grading as 
numerically represented by the value of n in Equation (1); and, third, that 
the shape of a mechanical analysis curve indicates the degree | of. grading, . 
any, as numerically represented by departure from Equation (1). It thus | 
appears that two sets of limiting curves are desirable, one applying to 
_-epdedy graded materials and the other to ungraded materials, Between 
these limits will Tie the poorly graded materials. Figs. 6 and 1, with Table 6, 
illustrate the “range of ‘the proposed specifications for limiting curves” for 
and materials. also, the revision of present ted 
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1 & Fic. 6.—Prorosep LIMITS IN MECHANICAL ANALYSIS FoR GRADED 
SUITABLE FOR IMPERVIOUS SECTIONS OF ROLLED-FILL 
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0.10 0.2 10 2 
_ Sieve Openings in inMillimeters 


7.—Prorosep LiMITs FoR UNGRADED MATERIALS SUITABLE FoR 
IMPERVIOUS SECTIONS FoR ROLLED-FILL Dams 7 


‘TABLE 6.—Proposep Liwits ror Gr: ADED AND MATERIALS 


TERMINAL Ports FOR | 
Curves (Sez Fias. 6 anp 
Clase of of material values of n Ungraded materials; 

in millimeters] of | = |. 


Coarse 3 to5 | Strai ht lines from terminal ints to 
Intermediate. ee 128° to 0.6t a to 30 0.33 to 0. 25 Approximately parallel to the fine limit 


ocean and the upper arm of the coarse limit, 


*5 in. t No. 28 mesh. Particle size, 0.005 mm. 
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80 son with ‘approximate ‘upper of material suitable for 

impervious sections of rolled-fill dams”, shows that it coincides with the Upper” Ls 

arm of the proposed limiting curve for coarse ungraded material, not 

with the lower arm. The mechanical analysis curves of material from exist- tb 

ing dams used by Peshenix Lane as a guide terminate at 0.07 mm in the . 
sand fraction, with from 6% to 10% passing. It i is possible that these curves, “ 

» if extended, would show a clay fraction of 3%, or more. psi If so, and this frac- a E 

> tion were considered, the lower portion of Professor Lane’ $s approximate upper | * 

limit might have corresponded with that | herein proposed. j 


It is also to be noted in connection with | the approximate upper 4 


el proposed by Professor Lane, that it does not apply to graded materials. — 
_ Mechanical analysis « curves of ‘the latter, satisfactory for the construction 3 
~ of rolled-fill dams, may lie beyond this limit in the sand, gravel, and pebble — 
fractions, provided such material contains at least 3% of clay. etal 
a In applying the proposed limits to determine the suitability of a material, — 
it is not sufficient that the mechanical analysis curve should lie between 


the coarse and it must also: have a 


‘curves ‘material. Tf it | much downward concavity 
follow or approach these curves, as in the case of Samples 115-89 and L1- ai 
in] Fig. 3, the material r may not be suitable for r use in the i impervious part of 
rolled-fill dam. The deciding factor is, therefore, the clay content, | 
~ should slighilir enced that required to fill the voids in the granular part q 
the material, allowing compaction to occur without completely closing 


nage 2 sand and silt with 17% of clay, is entirely ra 


These of for rolled-fill dam construc- 
tion are presented in the hope ‘that they will bring forth discussion and 
additional data, from which may ‘be evolved a basis for preliminary selection ‘ 
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16 M. Am. Soc. O. E. (by letter).— —There are “certain 
fundaméntal conceptions essential to the design of a dam. At a particular | 
site an engineer may consider some form of concrete structure or a structure © 
Pe « of earthen ‘materials, which may include rock. In considering an earth z a 
am the engineer has a choice between dry and hydraulic methods of con- Be 
For the dry method practice has standardized on the placement of 
_ ‘material in thin layers, with suitable compaction by rollers. of 1 various types, 
a by power-tamping or vibrating equipment. For the economical design of an 
> rth dam, it is essential, first, to utilize all materials from required excava 
tions; and, ‘second, to. construct the remainder of the dam from the 
ai in the vicinity. The greatest economy generally results from the use 
Tn this. paper, the author has based his selection to a large « extent on grain- : 
size as ‘This is a logical method in the preliminary stages. In 


Bi 

‘impervious of rolled- fill earth dams, ‘The writer ‘agrees that, in gen- 

eral, material falling within these limits will be satisfactory. However, it 
possible to materials: that do not within these limits. 


m these 
furni 

excellent: impervious core a dam at In the 
such cases the outer shell must be depended upon for structural strength. The 

Py dam may be analyzed by a method recently outlined by the writer.” edt 
Ms Considering the two lower curves which represent the limit of permea- 
bility, ‘it is perfectly possible to use materials of greater permeability than 
‘those indicated. It may be conceded that an earth dam can be safely designed P<. 

and built, provided it is properly designed, with the expectation of a large 
Scorqeell The approximate u upper limit, indicated by the author, of 1 gal per 
sq ft per xr day, with an hydraulic gradient of 1 is s extremely ‘conservative. seven 
is equivalent to a value of in Darcy’ s formula, 


of 0.4 10% cm per sec. the case ase illustrated, the that the 
leakage would be 0.004 cu a we see with a coefficient of 0.1 gal per sq ft per 

day. From a structural standpoint, a leakage of a thousand times this amount | 4 
is not necessarily excessive with proper design. _ In other words, a permeability is 

‘coefficient of 100 gal per sq ft per day might be e satisfactory in centimeter- - _ 
_ gram-second units (40 x 10cm persec.) It would seem to the writer that the at 
upper limit of permissible seepage is largely a matter of economics. The cost 


reducing the leakage should be balanced against the value of the water saved. 


| 


i 4 Associate, Parsons, Klapp, Brinckerhoff & Douglas, New York, Seirus a 
# “Calculation of the Stability of Earth Dams”, presented the World Power 
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case control or “dams at which constant releases a are 


required, it may be of “To economic consideration whatever. In 


the leakage safely. Recently, the writer had occasion to design a dam Po 
which the estimated leakage through the ‘foundations, with water at atten’ 
level, amounted to 50 cu ft per sec. In such a case, it would be unwarranted 
_ to go to great expense to obtain an impermeable embankment. 1 


The writer cannot agree with the author in “eliminating the siltstone 
(Sample Table 2) for use in the Coyote Dam on the basis of the 
information set forth in the paper. It would appear that this material could 
4 i have been used advantageously at least in the center one- fourth of the embank- q "4 


_ ment, with resulting economy. "Certainly, : more exhaustive tests to determine 
: its structural nature in terms of cohesion and angle of internal friction under — 
saturated conditions in the embankment should have been made before dis- 


- earding its use in the center section of ‘the dam, and there is a possibility 7 
- that it might have | been used safely for a large percentage of the embankment. 
9 In the paragraph following Fig. 4 the author makes the statement het | 


a “the data in Figs. 3 and 4 indicate that for permanent stability of compacted 


i : earth material the clay fraction should not exceed 30 to 35%; nor should it 
7 be less than 3 to 15%, the latter limits | depet nding on the degree | to which the 3 
- material is graded.” Based on this statement, the engineer having such . 
@ material as Sample L15-CG would be precluded from constructing a dam, 
a whereas it can be used with p proper design. A combination of Sample T15-CG, 4 D 
i? or even Sample L8—A for a core and Sample L15-S10 (or, preferably, a coarser 


_ material) 1 for the shells will result in an excellent. and economical ¢ dam, possibly 
better one than that built ; uniformly with Sample TA5-09. ‘od 
‘There are few materials that cannot be used successfully, to some extent, e 
in the construction of earth dams. ‘The materials approved by the author may 
be used with little additional investigation, but for true economy in difficult 
designs every” analytical resource of the science of soil mechanics should 


— ealled upon to produce a design utilizing the closest available materials to 
produce a safe and enduring structure. The writer knows of more than ord 


percentage Passing 


dam that could never have been built had the author’s limitations been applied. a : 
Baumann,? M. Am. Soc. C. E. (by letter) —Due to the rapid ex- 
haustion of ‘suitable dam sites it is believed that, in the future, rolled- 
i dams” will gradually exceed masonry dams in number. Hence, this paper is 
The author points out five principal requirements for suitability of 
< —feecthe impervious part of a rolled-fill earth dam. He further stresses the 
to imply that unless material which conforms to the specifications of me 


~~. of grading the material to satisfy these requirements. This tends 
tion i is available i in the vicinity a site for “fill dam, such 
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San Gabriel Dam 


No. 1: A clayey sand o r loam in Zone 2; and quarry- run 
grill i in Zone The location 


High Water f 


3 
‘Scale in Hundreds of Feet a 

Slope = Lon 1.25 1300 


"Rock Fi, Not to ontact of 
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8 —Comrosite Maxime M SecTION, Daw No. 1. 
In order to illustrate the comparative initial and final gradation, a typical — 
al analysis i is shown for each of the two materials i in Figs. 9 and 10. 
Whereas, the fineness modulus of 1 the wet clayey sand is 3 1.17 for the the average Pr 
sample before compaction and is not changed materially through | compaction, Tea 
a the average fineness modulus of the ‘quarry-run material i ‘is 5.72 before com- 
-paction and 5.06 after compaction; and, although the material in. Zone 2 
conforms approximately to what might be called standard for 
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9.—GRADATION OF Sor ComPacrep Zone 2. 


rock as large as 9 to satisfy all 


‘Tequirements, at least on a first examination. to 
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22 BAUMANN ON ROLLED-FILL EARTH ‘DAMS 


= 

cold As a matter of fact, with the velting: equigutnt used at San Gabriel | Dam 
No. 1, which was specially designed for the job, material in Zone 3 requires §  %t 


: less effort for compaction than material in Zone 2; that is, whereas twelve + 
= “a trips are ‘required to produce the | Specified compaction in J Zone 3, between — it 

i 
aa oi | 


Fic. 10.—EFFEcT ROLLING (Ten TRIPS WITH 4 12.1-TON ROLLER) on oF 
Passine a 6 By 9-Foor Grint. 


— 


sixteen and twenty trips are 1 required to ) produce | ‘such compaction in Zone 2. 


“Te: senor for Zone 3 provide that the dry density of the fines (that 


vide a ‘compaction which shall a dry density. of ‘the con composite ‘material 


not less than 115 Ib per cu ft. 


3 The reason for e eliminating all particles greater than 0. 0.25 in. from « con- ‘4 
a - sideration with Zone 3 material is that the fines filling the voids between the 


coarse material, or rock, actually govern the physical behavior of the com | 


posite compacted material. The division between coarse : and fine of the 0.25- fase 


sine was adopted from standard practice pertaining to concrete aggregates, 


and has been found through experimentation to be justified. 
- é a Although the s shearing strength of the saturated material in Zone 2 is leet, 
ih adale that of the saturated fines in the material of Zone 8, the relative permea- Ss 
bility is reversed ; that is, material in Zone 2 is less permeable than the fines 
the material in Zone 8 at the specified densities. ‘The average percolatis ion 
es rate under a gradient of 1 and approximately 60° F for material in Zone "he 

at the specified . density is 0.5 ft per yr, whereas for the fines in the material — _ 
Zone 3 under the ‘specified density, it averages 1.5 ft per yr. 


The stability under saturation of any fill material i is governed ‘primarily. 
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-. y of the material depends on the dry density. — Shearing q 


BAUMANN ROLLED- -FILL EARTH paMs 


= varying from 22 lb per sq. in. ‘for a vertical lend of 25 Ib per sq in., 


BS 


— 


to a shearing strength of 525 lb per sq in. for a vertical load of 1200 
per sq in, Due to this governing factor (that is, the density of the 
of a hydraulic- 
dam saturation and the conditions for stability of a rolled-fill dam 
a under saturation are necessarily at variance. With the hydraulie- fill process a 
it is not possible to create a an initial dry density of the material in excess Z 7 
of a relatively low limit, whusies with the rolled-fill, or mechanically com- — 
: -pacted-fill process, the attainable dry density is is approaching tl that of the solid rs 


material. The composite fill i in Zone 3, for example, in place, has an — 7 ‘ 


= 


i= average dry weight of the ‘Composite material in place was found to be 143 Ib 
which would mean that the Porosity of the composite = Zone 3 

approximately 17. 5 per cent. Typical results of de shown 


“Percentage Retained 


- Fru Conprrions onl Compaction Dara 
weight, in | Dry weight, Percentage ~ Number of | Percentage 
place, in pounds | of moisture centage by 


| pounds per| percubic | in fines. | of rock 


‘11 1 ] 


reason for the small porosity and, consequently, the small permea- 
= bility of material in Zone 3, is the breakdown that occurs during the rolling — 
e of the material as is evident from Fig. 10. The effect of compaction relative 
4 to breakdown for variable moisture is further illustrated i in Fig. 11. Fig. 11(a) 


shows the increase in breakdown due to twenty- -five hard tamps with a 5.5-lb_ 
tamper over the breakdown due to five 4-in. drops. The maximum, additional 2 
breakdown coincides with the peak of compaction. 
4 rd _ Furthermore, the initial compaction of granular 1 material and the breaking * 
strength of the particles are governing factors in regard to its stability under | 
saturation, because the water which, in a saturated condition, completely fills 
the voids, cannot ‘escape in case of sudden compression of the material, but 
will, itself, be put under stress. ‘Hence, if the is of sufficient 
magnitude to -erush the parts in contact between particles, t the shearing 
~ strength ‘may readily drop to a 1 critical value due to load being transmitted 


a 


BS 


“or flour caused | by the crushing on the ‘other. These fine particles, after crush- ae 


SoShas naturally mix with the water r and will form slime which tends to 
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pat In regard to’ cohesion -— to the surface tension of water which is | always” 
present in relatively fine material with one or more free surfaces exposed to 
> — such cohesion cannot develop under saturation. This is the principal — 


Percentage Break-down 


pe 


r Ory Weight, in Pounds per Cubic Foot 


Moisture in Percentage of Sie Weight 


11—Comparison oF oF Mors- ie. 
TURE CONTENT ON COMPACTION AND ONS 
ie 


all tests on ‘the stability of a relatively impervions ll, should 
be conducted on saturated material in order to determine the safety of such 


y The author does not mention the penetration needle in connection with 


soil analysis | and gives” no reason for this omission. Based on tests (as ret 
i conducted at the laboratory at San Gabriel Dam No. 1 1, it is 
“believed that the significance of the penetration or plasticity needle has hi 

misinterpreted in the past. These t tests tend to show that the penetration 7 


of enmeniiion | (see Fig. 12) is not reliable as an indicator of stability of 2% 


fill if the pore water is under stress. 


‘The safety ; of a dam fill composed of insoluble material depends pues ‘ 
‘4 2 shearing strength of its grain structure as long as over-topping is 

_ prevented. — x The shearing ‘strength for a given density, in turn , depends on 
i the rate of percolation and the pore- -water stress s. Although | the rate of per- 
paki primarily depends on the grain size, the pore-water stress depends 

n the condition of loading | and particularly the rate at which load is being 

4 pists os the influence of the sudden application | of load on a saturated | 
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ow iLLiAM C. M. Am. Soc. C. E. (by letter) 
cerned with highway construction and soils will agree with the author that — 
“probably the “most severe test for the stability of earth material is as a be 
wearing surface for an earth road.” During the last few years a wearing i 


course of sand and ‘gravel stabilized with a binder ‘soil has b been for 


of | the Highway Dep Department from “observations ot ont a large number of 


These roads were examined to determine their surface performance 
varying traffic and climatic conditions. _ Samples were taken and analyzed — 


together with subsequent observation on some of the alee projects stabilized 
the Maintenance Department, the present specification was s developed. 
This band differs from that of the United States Bureau of Public Roads aes 
given | by the : author, as shown in Table 8. (In a. later report” than that cited 

by the author,? the Bureau has discontinued the use of the No. 270 sieve in “ 
favor of the No. 200, for practical purposes), 


TABLE 8.—PERCENTAGE PassiInc BY 


rr Fig. 13 shows the relation of the Minnesota band to the theoretical ae i 
= ‘curve obtained by use of Equation (1) with the exponent, n, equal to 0.33. =? 
This curve indicates the theoretical grading to give maximum densities for y 
aggregates having a maximum size of 1 in. to 2 in, Tt will be ‘noted that 
the Talbot curve falls along the middle of the band. ‘Where a close control — = 
oof the mixing of the gravel with the binder soil has kept the grading near the a 
"middle of the band, a hard dense road surface has resulted. 


The’ author points: out that there is an optimum moisture content 


"maximum density. A. Hogentogler, Assoc. M. ‘Am. Soe. C. E., has 
that temperature influences this optimum point. In a series of experiments — 
Hogentogler used three fine- grained soils and demonstrated that the 

‘ ‘Junior Engr., State Dept. of ‘Braine rd, Minn. 

™ Public Roads, May, 1936, p. 50. bud 

Loe. cit., PP. 48-50. 
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proving that the stability of soils varies inversely with tl the temperature and i is 


oA Froris,2* Esq. (by letter) —In this scholarly paper the author discusses 
earth testing as | an aid to the selection of materials for rolled-fill earth dams 
and establishes five principal requirements regarding suitability of material | 
for this type of dams; ‘tightness, and 
“4 reasonable cost. : 
4 The first of these requirements is essentially one of statics and, accord-_ 
ing to the : author, can be s secured i ina well- graded material through mechanical 
compaction. other w cords, the author, in line with other authorities on the 
design and spuntinetion of earth dams, believes that the stability of a rolled- 
fill earth dam can be best assured, if a properly graded material is used. . By a 
analogy one might eventually conclude, that the safety of concrete dams can 
be taken for granted if the material is properly prepared, — This is not cor- — 
—_ rect, of course, because in addition to the quality of the -conerete t the forces — 
acting on. the dam mus t be investigated. This holds “equally true for the 
earth dams treated by the author. nder ‘the action of water pressure and 


a be ana nalyzed qui uite satisfactorily. No such — 


dead weight, concrete dams can be an ue 
‘analysis is generally available for earth dams, and, unfortunately, the scope — 
of the paper does not embrace this phase of the subject. = 8 § © 
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ON ROLLED-FILL EARTH — 
at if a1 any, y, has been paid to the ‘statical niin: caused by the forces acting 
upon earth-fill dams. As far as the writer is aware the first attempt to 
- pemedy this unfavorable condition was made by S. Ehrenberg”, whose analysis 
is based upon new concepts of soil mechanics, re 
Frep D. . M. Am. Soc. ©. E. (by letter).—In the fac 
tors to be considered in examining materials for the construction of rolled- 
fill dams, Mr. Lee has performed a notable service to engineers. Personal 


observations made many years ago. of priming of canal banks ‘constructed _ 


' by teams, indicated that where material is reasonably well graded no trouble 
_ js encountered, but where it is of uniform size (whether clay, sand, “gravel, = 


or rock) there is a leakage with resultant sloughing on the outside of the 
bank where the materials are sufficiently fine to prevent free drainage. 7 


_ Except for the top 2 or 3 ft, satisfactory highway fills may be constructed — 


of ungraded materials, sand, gravel, or rock, provided there is sufficient — 


constructed of earth, whether by : rolled or hydraulic methods. 


4 


compaction, drainage, and lateral support to prevent excessive settlement. 
‘ail It would appear that the following factors, in addition to those | discussed — 
Mr. Lee, might well be considered: gh 


ae (a) Consolidation by weight, which may be determined by ‘testing ah 


will: evident in by the rate and ‘amount 


themselves to settlement without cracking or formation of planes of lessened 


Referring to Factor (a), consolidation tests should 


tests of normal material, tests ¢ of such material with the introduction of 
water after a consolidation head ‘equal to one-third the height of the dam 
is reached. The weight load of the fill tends to increase density with corre- 
in the "voids, and permeability. | information 
- ghould be secured by engineers on the rate and amount of settlement of all 
dams « constructed of earth and rock, both during and after construction. __ 

_ An excess of fine materials (see Factor (b)) often means a large capacity 
for water which may y result in excessive cracking and checking on oss of 4 
moisture content and excessive settlement. ety” 
Concise, brief definitions of certain words or terms used by the author 
i and by others would be of assistance to those Wisely in studying» dams 


In order that comparisons may be made quickly with a minimum ~ 2 
effort it is believed advisable that gradation graphs be in millimeters, with 
inches and sieve sizes shown at the top and the classifications—clay, silt, aa 


= sand, gravel, ete.—shown across the middle of the sheet. It is interesting a 


=“Grundlagen der von Staudaemmen,” 
Ww asserwirtschaft, 1929 err 


Hydr. ‘Engr., City of San Diego, San Diego, Calif. 
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X ON ROLLED-FILL EARTH DAMS 
s between 


suitability of local materials by inspection and by applying the lahootalfil 
_ Under the heading, ‘ ‘Impermeability”, . the author discusses permeability 
a coefficients without mention of the degree of pressure or loading on the 
materials when tested. the pressure has an effect on the voids, there 


_ greatly needed contribution to the literature on earth dams. . Especially to be 
commended is the clear statement of the requirements of earth suitable | for 
rolled-fill earth dams. discussion of these ‘requirements | ‘is, of necessity, 
aaa unequal in its setiahetiion< The study of grading i is an important contribu- 
a - tion to current knowledge of the subject, but it must be emphasized that the — 
Yo relationship between porosity and grading shown by Fig. ~1 is obtained | 
> from a single series of Soils from a comparatively uniform source. The i impor- _ 
tance of this will be ‘recognized | on comparing such an example of Hawaiian 
ri ~ laterite as Sample No. 233-B in Table 9 which gives a porosity, with the most _ 
- careful packing, of 64.8 per cent. Its grading curve plotted o on Fig. 1 cer- 
& tainly does not indicate the grading as a cause of the high porosity. This 
_ porosity is due to the peculiar expanded character of the fine colloidal 
Mechanical analysis” cannot be expected to shed much light | on this and — 
8 similar conditions, largely because, by present methods, it is restricted . 
om The excellent treatment of ‘compaction would be improved by a critical — 
discussion of the permissible air content at maximum compaction, which, 
8 according to the writer’s ; observation, is a most important quality” of suitable 


The relationship ‘between permeability and permanence and satisfaction 
‘ Be Ln of an earth-filled dam is discussed in this paper insufficiently. The effect ae 3 
permeability is twofold: (1) The economic loss due to leakage from the — 
ae reservoir ; and (2) the effect on the dam itself. The latter is dependent 
largely on the relationship between the finest. fraction | of the ‘soil | in the dam m) 
and the velocity of percolating water. A far higher permeability i is safe with e. 
as soil composed of sand and gravel than one , containing silt and Se . 
The author’s main ‘proposal that mechanical analysis be used as a 
basis for of material, must be carefully covered by 
as Mr. "Eas. does. There is an relationship, of course, 
between Porosity and and the mechanical the 


mm material. i. In any soil containing an "appreciable proportion of material finer 


| 1d 0.2 in. is classified 4 
of rolled-fill dams, to 
mix materials from several sources to secure a modified material having or 
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3 in ‘composition that mechanical analysis is of little 
in interpreting or estimating the observed data. Since permeability 


accurate analyses, ‘it is not clear there is an advantage 


using the indirect and remote measurement rather than the direct one as nell 
& basis for selection. " ‘Table 9 9 and Fig. 14 give mechanical composition « data, 


TABLE 9.—Grapine anp or Hawanan Sons 
q Sizzs, IN MILLIMETERS Permea- | Permea- 
10% 30% 60% age [je x 
per 24 Voi 
64.5 | 0.00131 
65.6 | 0.00258 
66.5 0.00364 
(60.4 | 0.00403 


‘Hawaiian soils, which illustrate the of wine 
int comparing materials of unlike | origin. The low degree of compaction 
possible with such soils, the high air content, and the elasticity 


of 


‘difficult, t the impermea- 


proper "drainage of 


q 


2 


down- stream face, an 


the ease with which the | 


by any percolating water, 


all render these soils ex- 


polled- fill dam construc-_ 


them fall within the 
0.0001 100 


its proposed as satisfac- BETWEEN PERMEABILITY AND 
ie PARTICLE Size 
tionship between mechanical and permeability is shown 1 not by 
_ these samples, but by such a sample as L15-S10 of Table 5, the permeability | 
“of which is not more than 0.0001th as mauch as would be estimated from its EC 
“grading ‘curve in comparison with the others shown. 


Fig. 14 shows the enormous difference between : soils of entirely 
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ves 


Hawaiian samples differ by ratios: of from 1000 « or r 10000 to 1 in permes- 


degrees of grading “appears as available. The writer believes that 
though a mechanical analysis may be developed into a useful ae 
criteria for estimating relative differences between soils of a a homogeneous 
series, it will always be necessary to fall back on ‘direct measurements of 
per rmeability, porosity, and compaction in comparing widely different colle, 


adobe and lateritic soils for rolled- fill dams is important to 
the engineer engaged in such work, It is to be that the discussion 
this this paper will bring forth a for a of a 
the wo workability of various soils. 
STANLEY M. Done, 25 M. A. Soo. 0.1 (by letter). — ~The use of 
a; i "laboratory results as aids i in determining the suitability « of materials for the 
construction of earth is well deserbed i in paper. _The stability of an 


of which “that embankment is built ‘and, : s the author points” pr 
high shearing strength in soils exists when there is a - proper combination of 
cohesion and internal friction. Whether | or not t the cohesion is due to ‘the 
‘strength of the 1 minute films of water (as the author contends) many tests 
in the laboratory and elsewhere bear out the fact that the larger the propor- { 
tion of a soil that is of the finer grained, or of ‘the clay, size, the greater 
oe its cohesive qualities. Especially in materials of a glacial origin, cohesion — 
and the presence of the finer particles go “hand in hand”, and the value that "4 
such cohesion reaches depends directly upon the sizes and quantity of these 
“fines.” ‘Thus, without a sample at hand, the cohesion of a material is 
7 definitely indicated by a study of the mechanical analysis curve, the number _ 
and sizes of the finer particles being shown on the curve. GUN 
ea Separated from the cohesion, the internal friction of a a material depends — 
Upon the grading or “uniformity coefficient’ and upon the > shapes 0 of the 2 indi- 
vidual particles, the large number of sizes furnishing more resistance to” 
‘movement because the smaller particles fill the voids between the larger ones 
ne and prevent them from til tilting or rocking, and the sharp, angular, -eut- clear 
particles offering ‘much more resistance to movement than rounded 


Pr smooth ‘Particles. examination ‘the, curve: Pave: 


the shapes; and from. these ‘examinations internal friction 4 
of a material is indicated Mechanical analysis: curves that are “concaved 


upward ‘show graded ‘material of telatively: higher _shearin ring 


Associate Civ. Engr., Massachusetts Metropolitan Dist. Water 


is true that Mr. Lee points out that grading is more important than particle a] 
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strengths. ‘lhus, from the mechanical analysis curves and the microscopic 
ae examinations, both factors of the shearing strength can be estimated—namely, © > 


= 
 gtability of a given material based upon visual examination . and “feel” to the 


can be augmented considerably by these estimates. 


E ei The shearing strength of a material is increased by compaction. Vibration 2 7 


is the most important factor in securing satisfactory compaction and density, 
ed the author has not directly mentioned vibration as a means for securing _ 
compaction. The success of tamping, rolling, or or compacting by other mechani- 
eal means usually depends to some extent upon the vibration attending these ‘ 
operations, and because of its ts great v value in obtaining high degrees of i density — 
and compaction, va various types of mechanical vibration equipment are sup- 
q planting, and will supplant, many of the “pressing or loading” types of 
4 compacting machinery now (1936) in use. to, te. 


Without doubt, the best materials for u use in rolled impervious us embank-— 


the ‘more, or the less, preferred materials are used. 
_ In Fig. 4 the compaction curves for loam seem to give the highest densi- _ 

ties. Such loams must be well graded, must contain appreciable 
of pebbly or gravelly materials, and must be consolidated by heavy equipment . 
in order to obtain such high densities. If these loams had contained large — 


| 
vale. 
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5%), of organic such high densities would not have been obtained. 
” bs W hen compacted in 6-in. layers, with a 5-ton, 40-in., sheepsfoot roller, top soils 
“33 have dry weights generally within the limits defined by the stipled area in 


Fig. 15. These val values cannot b be plotted as a single “curve, due to the effect 
of the variable organic content of the ‘different top soils used on the critical 
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moisture (emnaleenit needed for maximum limits. The limiting curves in Fig ig. 15 
the ; general average ¢ conditions that yield best results. For instance, in 
‘Fig. 15 is indicated the moisture- -content, density-compaction curves of loams 
ie ae consisting of a mixture of top soils and subsoils. The organic content in 
_ these materials 3 averages 2 to 5% and the diagram show ws that with very 
ss Satisfactory compaction the densities were not greater than about 110 bb 
‘The recommendation of the author for the upper limit of the clay fraction 
in materials for use in compacted fills is well chosen. Materials that have a 
_ fraction of about 30 to 35% can be compacted only with considerable — 
: difficulty because they cannot be worked satisfactorily due to the fact that in — 
material of this nature enough of the “superfine” and colloidal particles are 
_” present to make the mass “sticky”, “jelly-like”, and resilient. However, the ' 
lower limit is not quite so definite. Materials containing little or wae clay 
: can be compacted satisfactorily, provided they are otherwise suitable and that $ 
_ the quantity of the clay fraction necessary is really dependent upon the i imper- 
 meability: requirements and not upon the ease or difficulty with which such” 
material compacts. Of course, the compaction is somewhat easier when a 
small percentage of clay is present because, when ‘moist, this clay lubricates 
the | mass somewhat; but with sufficiently heavy equipment and the proper 
moisture contents, materials with little or no clay can be compacted satis- 
factorily and without undue difficulty or expense. For uniform or ungraded 
materials Mr. Lee indicates that a lower limit of perhaps 15% may be | 
needed; but likewise in this case the lower limit depends - upon the permea- 


requirements, satisfactory compaction for stability” of materials of 

glacial origin being usually Secured without undue effort: in ungraded 4 
The writer recommends that, except for certain conditions, permea-— 


_ bility coefficients of the core material be restricted to less than 1 gal per sq ft — ; 
per day. It seems that this restriction is a proper one 2 for all: dams to be 


sed in storing water for water supply purposes, bec 
water in such cases is usually high, and more money Deed Up ant: in 
_ obtaining a tighter structure than where the value of the water lost through | > 
the structure might n not be as large. In earth dams built for hydro- electric “ 
developments the value of the water lost is usually not as great as in water 
_ supply dams; and i in many cases it is economical and safe to construct imper- 
vious portions of the embankment from materials easily available, although 2 
they may not be as water-tight, as demanded by the foregoing requirements. 
; be In such cases the permeability coefficient could exceed 2 gal or even 3 8 gal 
per sq ft. per day; and the stability of the. structure, if proper drainage Of 
s >; the down-stream section of yi dam were provided, would not be endangered. 
author's proposal to us use the mechanical analysis curves in choos- 
2 7. ing the limits for suitable materials and, arbitrarily, to establish such limits 
materials, is a good one. However, in the curve 
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"DORE ON ROLLED-FILL EARTH DAMS” 
16 shows the Kendorco™ ‘classification in reference to the limits 
_ established by the author. In this classification, the words, “yniform” and 
- “variable” , are used in the same manner that the author uses ‘ Cengrided” 
and “graded. ” The finer of Classes 6 and 7 and all of Classes 8 and 9 repre; 
materials suitable for impervious sections of the rolled-fill in 
accordance with the author’s limitations. Classes 2, 3, 4, and 5, and possibly 
- the coarser of Classes 6 and 7, represent materials that are probably unsuit- — 


able, although the curves for them fall outside the prescribed limits only ~ 


cab 
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16.—Impervious Sections oF RoLLep-Fitt DamMs: CoMPaRISON OF PRO- 
POSED LIMITS IN MECHANICAL ANALYSIS Gnabup UNORADED 


~ the smaller sizes. _ Thus, it seems that the important part of the curve for 


‘material of glacial origin is in the vicinity of the 5 to 10% sizes s only, and . 
‘the location of the limits elsewhere is immaterial. Although the limits chosen 
by, the author will be satisfactory in nearly all cases, they must not be used 
q too asta as it is , very probable that materials perfectly suitable - for the e pur 


%* Transactions, Am. Soc. C. E., Vol. 102 (1987), pp. 689- -690. ———————— ay 


4 
ima 
ams 4 
very — 
Ib 
tion 
able 
uch iia 
HHH 
al 
of a al 
— 
— 
— 


FIELD ON ‘ROLLED- -FILL EARTH ’ 
“poses” will | be found, 1 which, in individual cases, will haved 
mechanical analys: sis curves that will lie outside of one of the limits shows fo, 
E. Frevp,”” M. Am. Soe. E. (by letter) .—Engineers will welcome 
treatment of the selection of materials for the more impervious 
parts: of an earth dam, as a guide to design a: and construction of hydraulic 
and rolled-fill structures, and in masonry and rock-fill dams, where the neces-_ 
sity of blanketing portions of the reservoir basin sometimes arises, particularly 
in making repairs. Constructing engineers and engineer inspectors will bene- é 
- fit greatly from a knowledge of the theory on which the ideal mixture is 
a ‘There i is much in the paper “between the lines” touching Fie tn ihe q 
: most important of which, perhaps, i is found in the sentence (see heading ~ 


a 


“Requirements for Suitability”), “the principal for suitability of 
materials for the impervious part of a rolled: fill dam are * * The word, 


that the portions below the “impervious” diaphragms be, or should be, less 


the case shown in ‘Fig. the cause of the high and almost horizontal 


a, 


and to its » being too impervious in the lower or d down-t stream section. Of gue 
- importance ce also is the thought throughout the p paper that a mixture of gravel 
and clay is a superior core material, for although this truth is well known, 
it is too seldom incorporated in ‘plans and specifications. 


«Of the five requirements listed as “principal”, the first and fifth 
we well be discarded in a theoretical of the suitability 
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Old High Water Line 
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As and | sloughing be 


totes 

it should be | considered in practical a pplication | toas specific 

after the ideal, ‘toward which it is desirable to strive, has been fixed. “1 oral Py 
+ The ideal mixture, local materials considered, and the methods of attaining 

ee use in many structures other than dams and where the quentities © 

_ involved are small, although unit costs may be high as, for example, back-fill E 
= culverts and siphons under large canals, the lining of canals — .: 
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ver cavernous limestone or through very porous sections, and the back-filling 
trenches in abutments and cut-off trenche’ of earth- filldams. ail, 


~The use of a nearly ideal mixture at considerable unit cost is shown _ = 


Fie. 1, a case in which the writer repaired an earth-fill dam. The dam, then 
about ten years old, had threatened to slough on n the lower slope whenever the — 
4 water rose to within 10 ft of the high-water line, and heavy riprap had tom, 
placed on the | lower slope to enable the owner to use one- -half the reservoir’s. 
capacity. The material in the fill was almost wholly of disintegrated granite ; 
containing some loam, clay, mica, sand. “unnecessary to give 
the details of 1 the work, except to state that the mixture was 33% clay, with 4 
a small r mixture of sand and loam, and 67% of the disintegrated granite exca- ' 
vated from the dam. The moisture content was about 10%, giving a stiff 
product easily handled and tamped; the width of the vertical trench was a 
repairs wee successful Jin stopping slough, the lower 
; lope dried up and after five years’ use no weakness has appeared. The cost: = i, 
was amply ‘repaid by the gain in capacity ‘above the old, theoretical, high- water 
line, the increased depth being about 7 ft. Notable are the very thin “ imper- a 
vious” vertical diaphragm, the more porous puters: back of it, and the change 


With impermeability secured ina diaphragm, it is not always required — 

that it have hardness, permanence, or stability. In the Necaxa Dam, and in z ‘ 

many others of the hydraulic-fill type, the cores are probably of a consistency 

that would permit a lead weight to sink through their entire depth, but such 


a condition requires that the fluid core be firmly confined. 


In all dams, weight is required to © oppose the horizontal Water pressures, 
a high line of saturation and “upward ‘pressures’ decrease the 
An impervious ‘diaphragm and adequate Grainage below it are 
effective and practical lowering the line of saturation, and with _ these 

provided, the compaction of the body of the dam merely adds some weight 


and a more rigid ‘support to the core, but adds nothing to its  impermeability. 


‘Therefore, it appears that a light ‘diaphragm, made as impervious as 


“possible with | the ideal mixtures of sand, gravel, and clay, is ‘more to be -_ 
desired than a thicker section with an approximation to the ideal. Mechanical 


mixers of large capacity can be built and, in the writer's | opinion, will 
‘used in the not distant future to furnish the ideal material for the diaphragm, a 


and at that time the formula and ad practice which the paper seeks to ) develop, 


In his is “Synopsis’ ’, the author mentions “the traditional manner of deter- — 
suitability of “material” and intimates its inferiority to = 


methods; but the use of scientific methods and the blind adoption of methods 
ow formulas 2 are equally soll if cost is 


ing structures coming his this | statement the writer 
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FIELD ON ROLLED-FILL EARTH DAMS* 
a heartily concurs, but wishes to add that an: most numerous an and 
takes he has observed in earth dams have been made by engineers of high 
= a technical attainments, particularly in the matter of cost, where the engineer 
“failed to appreciate and take advantage ‘of local conditions and materials, 


There i is one desirable quality in fills of mixed clay and | gravel not men-— 


dathend: control reservoirs, particularly in the arid regions, the dams may 
‘stand for years, become thoroughly dried out, and id shrinkage crac cracks become a 
Referring to the use of tools and clogging (see heading ‘ ‘Workability”), | ~~ 
the writer feels that the disk harrow i is a valuable tool in securing uniformity — 
at mixture and of moisture; that the mere stirring of the fill material ‘gives 
opportunity for the smaller particles to ne and fill the voids much 


obviates the danger of clogging rollers : and ‘other tools. 
= “a _ Movement seems to be essential to thorough compacting and the moisture — 
_ content should give sufficient fluidity to the ) material for it to ‘move under, 

the roller. A slight wave re just ahead of the wheels of heavily loaded trucks, 4 
or a shallow rut pressed into the surface of the fill, indicates that the material | 
is sufficiently fluid, whereas deep ‘Tuts indicate ite too 1 much moisture and no ru ruts ‘4 


__Insolubility—The writer has found as high as 24% of soluble matter in 


= and i in the case of one dar dam that failed he found, by the u use of distilled — 
water § as a ‘solvent, 8%, and by the addition of 1% of hydrochloric. acid, 15%, 
of soluble matter. — In every case, especially in the arid regions, solubility g 
should be one of. ‘the first considerations and a of the 
source of material should be ascertained. 


_ these materials and their use should be ben 3 in mind in all glacial-deposit and — 
ie practice, the engineer first determines the ideal mixture of clay, gravel, 
and water. — - In construction, the percentage varies from time to time in spite a 
of the most careful supervision and willing « co- operation, and the author (see 
heading ‘ “Stability : Grading”) advances the same idea: “In earth-stabilization 
Practice * * * natural materials must be which conform as ‘ 
possible to an ideal grading.” 


Through “traditional” methods, the eng engineer- and his 


~ must be able to recognize material variations instantly and to apply the cor- a 


rective measures" at once, without 1 waiting, for sampling and the results oft: 
laboratory tests; and eternal vigilance, and immediate corrective action is 4 
the price must be paid for good work and 


— 
al 
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— 
Poe sg ta the slimes from stamp-mills are quite as impermeable and are of greater 3 
al 
© 
especially in impressing the dump boss and foreman with the idea that 
q ecovered-up fault would certainly be detected. = gy 


ON ROLLED-FILL EARTH DAMS 
In that introduces Table 2 is found mention of 
tions “requiring exclusion of adobe soils.” What is locally known as ‘ “adobe _ 
~ soil” varies widely in different localities, and a definition covering all varie- 


ties would probably be “a soil from which sun-dried brick can be made.” It — 


often contains considerable loam (another term extremely indefinite), “a 


 gand. In sp specifications, the writer would probably | state that “adobe mixed 


with snd and gravel shall be used in the impervious core section”, 
that “shales and materials, although partly decomposed, shall not 


P. Creager,” Aw Soc. C. E. (by letter).—In the writer’s 


opinion, the author has done - very well with the limited available data. He 
has advanced a step farther toward the establishment of definite limits beyond — 
which it would be inadvisable to go in the use of soils for rolled dam con- sa 
‘rection: but, | as he states, his hope i is that his criteria will bring forth 
additional data from which may be evolved a basis for derypean selection. 
It is significant: that his hope does not extend beyond criteria for 
“preliminary” of materials. this, he has: shown himself con- 


and grain 1 composition, are not indicated by mechanical but that they 
have much influence on the behavior of the material. Thus, at best, only a 
rough approximation of the essential characteristics of cm be 


ins His comparisons of mechanical analysis curves with stability a 


‘pertinent. Recognizing the well-known fact that the. greatest density and, 
poe greatest stability, results from a well graded mixture, he has dine 
in Fig. a1 the shape which curves of well and poorly graded mixtures assume _ 

‘the usual chart” of mechanical analysis. 1] “Big. 1, together with” his 

comparison of mechanical analysis” with compaction curves, -*Figs. and 

brings: out vividly that the ‘best materials not only must be well graded 


“either coarse or fine particles being less suitable 


, Thus, in Fig. 4, the “fine sand” (Sample L1- 1) has no very fine particles 
and hence is lacking in | cohesion. Therefore, it possesses insufficient com- 
 pressibility and squeezing properties to o expel the entrained air effectively. - 
low density and many air voids. ‘Next above in Fig. 4 is the “sandy 
(Sample 115-810), which a small percentage of fines. . This 


is a fairly well graded mixture and hence has high density. _ However, i it has ay 


ait Closest to the curve of ‘zero air are ‘the full lines 
_ in Fig. 4. These loams are the ideal materials containing between 16% and © 
88% of clay accempanied by abundant coarse particles. They have the fewest > 
F inally, the ‘silty. clays and clays, Samples L15-CG, 111-1, and L- SA, have 
4 large percentage of fines, providing excellent squeezing properties; but they a 
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(CREAGER ON ROLLED- FILL EARTH DAMS” 


* ‘Sample L-8A. _ This is one of the inconsistencies" that creep into the best of 


hee IN The writer feels that Fig. 6, defining proposed limits for graded materials F 
S ba a great help i in . preliminary studies, provided : :@ That its use is tempered i 

with experience and judgment; (2) that it is remembered that some materials 

‘outside these limits might be used; and (8) that some materials within such 

by a5 limits may be entirely unsuitable. Sample 42, for instance, lies wholly within — 
q ~~ limiting curves, yet it has a compacted porosity of a as much as 44. 4%, . 
i ‘and is quite permeable. This material is eliminated under the author’s some- 
_ what indefinite specification: “* * * it is not sufficient that the mechanical 4 
analysis curve: should lie between the respective > coarse and fine limiting 


curves; it must also have a shape corresponding to, or approaching, that ~ 


4 It is difficult to annul for the fact that Sample [11-1 shows up better gs 


a? ‘Gs In order to assist in a gr graphical indication of this specification and more — 
Ts nearly define reasonable requirements, the writer suggests the possibility of | 
using an additional ‘AB, which would be t fine limiting 
terials having 
than 15% clay = 
tent; that is, anf 
curve for material 
having less than 15% 
clay content must 
cross Curve AB. 
‘Thus, Sample 
having less than 15% 
clay, lies wholly 
within the authors 


limiting lines, but it 


ee _ able, whereas Sample L15-S9 is on the order between good and bad material. 


and It is not claimed that this additional curve 2 will but it 


rcentage Passing 


cane 


— might be used for materials having less rage say, aa and 8% clay. content. 
hed In conclusion, the writer can see no practical need for Fig. 7 showing 
“4 proposed limits for ungraded materials. - Comparing the coarse lim miting curves 


ur vs 


of Figs. 6 and 7 for graded and ungraded materials, any material having a — 
A curve which lies outside the ungraded limiting curve, but inside the graded 
oa curve, automatically departs from the ungraded class, and Fig. 6 
would apply. Referring ‘to the fine limiting curves for graded 
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JACOBS ON ROLLED-FILL EARTH 1 DAMS 
und ungraded materials, it is the writer’s belief that the difference between 
these curves is far less than is justified by present knowledge of the r between 
between suitability and mechanical analysis, toret 
Jacoss,° M. Am. Soc. O. E. (by letter).—(1) The demand | 
a need for a material expansion of water storage facilities throughout the — A a ; 
_ United States, the economic importance of safety for the heavy leveetments 1 ; 


involved in potential developments, and the fact that much of the required — 


- new storage will be effected by means of earth dams, renders this paper of 4 

6 toe (2) The earth dam is the oldest type known to Man. Where truly adapted | » 

to the site it is probably the best and most permanent type and, in fact, 

_ there are now existent more dams of that type than of all others combined. 
these facts there’ is yet ‘much to be learned concerning earth 

— eonstruction: How to select and effect the most economic mixture of avail- — 

ble materials, the best degree and best methods of compaction, the stability — 

of section, economic slopes, core- walls, and the best location and depth of 

cut-off walls, the density and permeability of various mixtures of earth © 
materials, ete. ie It is mainly within the past decade that intensive ‘study 

been given to the problems of soil ‘mechanics, the formulation of 

their basic principles, and the application of these principles to prac- 

‘tical: engineering. The entire realm 0 of earth dam construction is: still a 


also an intensive study of existing dams in 
respect of the aforementioned elements. ama guiwoliok 3 sont bevelled at 
| BO ‘In this connection it is of interest to contrast the densities that have 
a been attained in compacted earth mixtures with those of concrete mixtures. 
In compiling certain data from engineering literature on earth dams, 
writer finds that of about. thirty actual tests of earth mixtures, for os ae 
mechanical analyses were given, the dry weight of the mixtures, after com- 
-Paction, ranged from 96.7 to 132.5 lb, and averaged 115.4 Ib per cu ft, or 
only 67.8% of the like weight of the constituent material. _ He also estimated, ? 
for each of these thirty tests, the theoretical maximum density that would 
obtain if all particles of the mix were placed so as to effect maximum den- 


-sity—that is, if the voids in each size of “material were filled successively q 


| 


with smaller sized materials as far as these were available. This estimate 
indicated that the densities | of the actual mixtures ranged from 1 to 96%, : 
and averaged 82%, of their respective theoretical maximum densities. These 4 
latter, depending on the particular proportions of the mix, ranged from 120. 
to 165 lb, and averaged 141 Tb per cu ft, or about 83% _ of om weight | of a 


an 


ety af 


(4) The foregoing results compare rather unfavorably with those obtained © 
concrete ‘mixtures. In good, modern _conerete, densities of from 155 to 


3 
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per cu are readily obtainable 1f desired. Uf this weight, about 0% 1s 
ded _ water, thus indicating, for the mixture, a dry weight of about 147 lb per cu .. 8 ae 
which is to be compared with the average of about 115 lb per cu ft for 


= 
=o JACOBS ON ROLLED-FILL EARTH DAMS 


pacted earth embankments. rf Other comparative figures are: 
of only 13.5% for the concrete mixture as against 32.2% for the earth oda 
a ns and a 6% moisture ‘content for the former as against two © to three 
as times that proportion for the latter. It should be noted, too, that this modern 
 eoncrete is compacted not shin or tamping Processes but only by 


== (5) It may be contended that an corth embankment and mass concrete are 
two entirely different things and 1 that they are, therefore, not directly com- 
parable. However, in the initial condition of the mix, and in respect of d 
_ sity, a comparison may not be unfair for they are both _ composed of 
exactly t the same _ types of materials, namely, earth and rock, the cement 
content of the one ‘merely replacing a portion of the silt and clay content of 
_ the other. They differ only in their relative degrees of synthetic proportioning 
and mixing and i in method of compaction, with a final result that one attains 
a density which on the average is one- greater than the other. The 


eontrast is’ otviking and, at least, suggests the query as to whether -engi- 

‘neers are now securing the maximum economic densities in earth agp 


and as ‘to what m may be ‘the economic limits of proportioning, mixing, and 
compacting mixtures for earth dam construction. The legitimacy of this 
A query will be appreciated when it is realized how materially seepage wl 
by an increase in the of the earth mixture. ‘oles 


= believed that the following are among the more important: , odd ‘To oot 


a (a) ‘That the material shall be of sufficient weight, and shall be sufficiently 4 
eet as to particle sizes, to ensure a high density upon compaction, and — 
thus to afford stability to the dam structure without imposing the necessity 
of extremely flat embankment slopes. _ Safe dams can pool built of relatively 
‘Tight materials, but the | heavier material is a desideratum in order that the 
expense involved in providing: the extremely flat slopes, otherwise require 


(b) That material shall afford a sufficient ‘gradation of particle sizes, 
and particular y that there be a sufficient proportion of fines, to ensure against * 
might cause such erosion and piping within the 
body of the dam as to threaten its ultimate failure ns ae 
el That the material shall afford a sufficient gradation of particle sizes, 
‘the same as Item (b), but to ensure against a seepage volume deemed pro- 
- hibitive from considerations of economic water value alone, independent of 


possible physical damage to the dam by reason of such seepage, at 


Assuming a a satisfactory foundation, the stability. of the 


ae against imposed loads and attacking forces, depends mainly upon density of — 
embankment ‘material upon the position and gradient of the 


upon the cross- of the dam. The desired factor fos sta 
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bility, the slopes and cross-section required therefor, 
from: the other factors named. Most failures of earth dams have resulted _ 
either from their being overtopped by water, due to a lack of adequate spill- rol 
way capacity, or to super-saturation followed by sloughing and progressive 

undermining toward the center from the outer slope or down-stream toe. 

_ There are few if any cases of earth dam failures that have been attributed 

directly to sliding. Such a | failure, however, is conceivable. Under a con- 
4 dition of maximum loading as to’ water level above the dam, when maximum 

‘saturation obtains, the coefficient of friction of the embankment material 


broad, a sliding be as an 1 incipient disturbance—and 
- sliding once began, disruption, subsidence, overtopping, and final failure 
would be likely to follow. ify dumitiA wall ob 
(8) Unless the embankment m material is of re reasonably good weight and 
grading, and well compacted, so that the plane of saturation is thereby well 


porosity, high | permeability, high plane of saturation, a lowered resistance 


q depressed toward the base of the dam, a condition « obtains 1 that makes for —_ a 


- to movement under maximum load, and the necessity for flatter slopes and a 
; broader base than otherwise would be required. _ This is due not only to the © 


"TABLE 10. Rano, Base Worn, ror Acamst Summa 


Weight of embankment material | 25 
place after compaction and 
under full water load, in pounds» 


) 


lesser basic density the embankment : and the greater volume of 


> merged material that loses weight by buoyancy, but also to the fact thet a 
lesser coefficient of friction obtains under these conditions. . This is illus- 
Jt 
trated in Table 10, which shows the ratios, for the 

single consideration of stability against sliding. _ Other considerations may, 

9 and in many eases will, require base widths different from those indicated. _ 
(9) The assumptions upon which the data in Table 10 were developed, 

were as follows: A stability factor of two against sliding; dam heights rang- 7 

i + ing from 50 to 300 ft; a top width of 25 ft; a down-stream slope (hori- 

- zontal + vertical) two-thirds that of the up-stream slope; a mean weight — 
of embankment material, above and below the plane of saturation, ranging 7 
from 80 to 120 lb per cu ft; and a coefficient of friction ran ranging ng from 0.25 to 
0.50. Although greater unit cohesion and shear strengths than are indicated — 

by these friction coefficient ‘values | es are for dense, 1 well -com- 
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from 10 how the ‘required base width 
_ with a decrease in value of the coefficient of friction and a decrease in the 
, of t the embankment material. Regardless: of the showing of Table 10, 
_ however, or or | of stability computations in general, the writer would not favor 
= dam slopes steeper than 1 on 2, nor base width ratios of less than — 
4s 2 to 1, except possibly for very low dams. 
0) In this connection it is of interest to note the early British os 
os in India where so many excellent earth dams have been built. . In 1910 


in the Bombay Presidency” Although this report (which dealt 
twelve dams from 31 to 81 ft in height) unfortunately contained no detailed — 
data as to the density and mechanical analyses of the embankment materials, 
it did indicate that they ' were of average good quality, and it also contain | 


the top) and s some as s flat a as on n 14 (near the bottom). 


| there were some short sections of saturation epee as steep as 1 on 0.5 and as = 


TABLE 11.—Data Concernina TWweELve 


Dams Mean for 


3.9 


(41) The author suggests that the qualitative desirability materials 
for earth dam construction, both as to permeability and as to density, after 
_ compaction, may be judged by determining, from mechanical analyses of the 
materials, their value of n in the Talbot formula (Equation (1). to. 


the theoretical proportions of the various particle sizes for that mix. e He : 
also considered a series of arbitrary mixes wherein the value of n was vari- 

able and for these the mean value of n was determined for each particular” 

mix. _ Probably few natural mixes have a uniform value of n throughont. af 


it were » deemed important (and the writer does not 80 regard a uniform 


4 
pi 
q 
— 
= 
— 
| 
report, the writer deduced the information contained in Table 11. There 
— some short sections of embankment slope much steeper and some much 
— 
— 
— 
— 
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— 
— 
— 
\ 
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es — > mum particle size of 6 in. (152.4 mm), and a uniform value of n throughout - aa 
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“extensive proportioning might be quite infeasible economically. — Generally, 
_ the engineer must utilize, t to the best advantage possible, the materials imme imme- — 
gant) For each of the mixes studied a theoretical maximum density was 
estimated, this being on the assumption that the various sized particles all 
x — found that proper <a in the mix which would effect maximum density—a_ 
Ls - eondition not fully attainable in practice. As already stated in Paragraph @), 
about thirty ort more definite tests of mixtures and densities, for which 
data were e available, the actual densities ranged from 71 to 96%, and averaged 
82% of the theoretical maximum density. An 80% average would seem to be 
a quite readily attainable. - The theoretical mix of a a uniform value of n, and Ths 
the arbitrary mix - of an equal mean value of n, are found to be x not entirely 
accordant as to resultant densities, but they seem to be sufficiently in agree- _ 
ment to permit adjustment to a common density curve is. less. accord a 


Curve B 


| 


‘IG. DENSITIES OF EaRTH MIXTURES FOR VARYING 
waar nm IN THs TaLsor FORMULA (EQquaTION - 


that all particles are so disposed in the mix as to effect maximum densities; al | : 
and Curve B is for practically attainable densities taken as 80% of the theo- . 
Tetical maximum. The maximum particle size, D, is assumed ‘to be 6 in. 
i (= 152.4 mm). _ These curves are fairly close compromise adjustments to the aa 
platted actual computations. will be noted from Curve B that maximum 


= 
densities obtain for n-values rangin from 0.30 to 0.50, the ‘actual maxi- 
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‘JACOBS ON ROLLED-FILL EARTH DAMS 
mum appearing to result for n = 0.38. It will be noted, too, that for densi-— 
ties as low as 115 lb per cu ft (which, as already indicated, | is about the 
ss average now attained i in actual practice) the value of n may range from 0.14 
- 1.0. Although these values, both of which apply to 115 lb per cu ft, may 
indicate mixtures acceptable as to density, the latter | also. indicates a mixture 
entirely prohibitive as to seepage Therefore, n alone, unless it is 
‘rigidly restricted within narrow limits, will not suffice as a criterion of all 
ior requirements for a good earth mixture for dam construction. pevide ede ey 
(14) The « author states that a seepage loes of 0.1 gal per day per sq | ft and, 


a under certain conditions, in excess of 1. 0 gal per day ‘per sq ft, might be ‘Pers 


> © 


economic value « of the water arte it is 3 not a simple matter to ) determine per- 
missible seepage. depends upon many factors: Primarily, upon the actual 

ene of water in the particular locality and for the particular ‘project 


involved, but also upon the relation of the monetary value of the annual 

_ seepage loss to the total annual cost of the project; upon its comparison with 
fl the extra cost of alternate methods of water securement that might avoid the | 
- ‘seepage; up. ‘upon whether or not the seepage water can again be utilized farther _ 
down stream, etc. Water values may range from $500 to $50000 per cu ft 
per sec and ‘storage - costs. from $2 to $200 per acre-ft. High seepage loss is 
to be avoided if possible, of course, and other considerations may make it 
entirely untenable, but from the sole consideration of the economic value 
‘ of the water, the writer believes that seepage losses several hundred- fold greater 
than that indicated by the author (perhaps 500 to 1000 times as _ great) =a | 


> 


be permissible. He is confident, too, that there are many entirely stable earth 
_ dams with seepage losses as great as 5 gal per day per sq ft. ae mat | i 
a “— (15) Permeability depends mainly upon the porosity and “effective | size” 
y 4 of the dam material in place. For mixtures of regular grading, according | 
to the Talbot formula, there is a definite “effective | size” for every value of ne . 
_ From known or assumed compaction densities as, for example, “those shown 
om or assume p I 
* in Fig. 19, porosity is readily determined. From these factors, an assumed " 
water gradient of 1, and an assumed water temperature of 60° F, the writer — 
‘determined, on the basis of the Slichter formula, the permeability of various 
mixes for varying values of n. These indicated that to keep within the maxi-. “a 
mum limits of permissible seepage as discussed in | Paragraph (14) the value 
of n should not exceed 0.4 and the “effective size” should not . exceed 0.5 mm. — 
It also indicated, for the seepage limit designated | by the author, an n- value | 
0.26 and an “effective size” of only 0. 025 mm. 


(16) Such computations, however, ean at best be only as rough 
In the first place, mixtures of irregular grading, of the 


‘mean value of n, give “ ‘effective : sizes” ” and permeabilities that differ somewhat 3 


(and, in some cases, appreciably), from those of the regular grading deter- 
mined by the Talbot formula. In the ‘second | place t there i is much uncertainty “a 
& 
as to the dependable accuracy of any of the present. empirical formulas for 
ground- d-water movement as applied to the type of earth mixtures considered | 


herein. - It — go without saying that i in actual dam construction, empiri- 
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“the ents mixture, should not be be the x main st for _— determina- 


piping is slow, , continuing process that" Teaches | out particles, 
from fine to. coarse, and which, unless halted, ‘means ultimate 
structural collapse. The earth mixture, therefore, should be such as will 
Peele no seepage velocities capable c of dislodging and ad moving ov out the smallest 
sized particles which the dam material may contain in measurable q quantity. 
‘ A certain ‘Percentage « of fines is an essential of good earth dam construc- 
4 tion and some of ‘these fines may be clay particles as as small as 0.0005, mm in 
diameter. _ The writer estimates that for a safety factor of two against move- 
ment of such a particle, considering weight only and i ignoring friction, the 
Z "limiting water-jet whet: would be 0.00545 ft - per sec, and that is the desir- 
a able limit of seepage velocity if practically obtainable. However, because — 
1 there is a material friction : and | surface tension between particles, and be- 
e. he 1 on 1 gradient upon which permeability factors are bas od ae 7 
Tii-oeed the g por pe y e base g 
- than obtains in a well built dam, an appreciably greater velocity than that 7 
> stated would be permissible a: as far as ; piping is concerned. The > seepage | volume 
_ factor, however, intrudes’ itself and prevents any very material increase of & 
that velocity. For a seepage velocity of 0.00545 ft per sec, through regularly | 4 
og graded Talbot mixes, the writer finds a limiting n- value of about 0.4 and a 
limiting ‘ ‘effective sis cise’ "of about 0. 5 mm. 


and in to dam design and cotietruction, that unquestion- 
q - ably, there i is an urgent need for further research concerning the laws govern- 
ing ground-water movement. Every engineer \ who has had contact with 
problem is aware of the glaring inconsistencies that obtain in the Tecorded P 
ee relating to soil permeability and to | ground- water movement in general. ‘ 
These inconsistencies are revealed not only in the comparison of actual tests — 
with estimates based on empirical formulas, but also in a comparison of the 
actual tests themselves, independent of any any estimates by ‘formula. . Numerous | 
_ instances can be cited of great disparities in actual tests of seepage through — 
materials practically identical as to density, porosity, and “effective size”— — 
: even greater disparities between actual tests and formula estimates. - From 7 
Le number of actual permeability tests of materials for which the writer com- 
puted discharge by one of ‘the generally accepted empirical formulas, he 
found disparities as shown in Table 12. ‘The degree of accuracy of the actual 
tests is not known but, presumably, they were made with care and are rea- 3 
-Sonably: accurate. In any event, it is clear that either the tests or the formula — 
as applied to graded earth mixtures is grossly i in error, and it is confidently 
believed that it is the latter. tp 30 
Gy (19) Most of the .e permeability formulas have been devised for a more or 7 
less uniform and a relatively fine material and were not intended, primarily, e 


for such graded 1 mixtures as are customary for dommes rit They seem, 
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“particularly, te to lack applicability to coarse media, giving impossibly high 
velocities. They may be serviceable indicators as to the relative permeabili- 


_ ties of different mixtures, but should be interpreted with great caution as wm 


TABLE Comparisons, Inconsistencies 


Me HANICAL ANALYSES or MATER Actual test die 


charge 


0 0.0405 
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‘wert 


wwooocoo 


absolute permeability. It may be that i in the tests from which these formulas 
have been developed adequate cognizance was not given to the factors of entry 
and exit head losses; there | may be error in the assumption that velocity 
varies as the first power of the head (and the writer believes there is error in _ 

that assumption as applied to coarse snedia) : or there may be other factors 

in the 2 problem that have not yet been discovered. 1 Wherever the ‘difficulty may 

lie, however, it is evident from the great disparities | in ‘results, ‘to which 
reference has already been made, , that further research is badly needed. — ti is ze 
the writer’s s judgment that this research should contemplate, in addition to 

: laboratory tests, an intensive investigation of existing dams as to density, 

seepage, planes: of saturation, mechanical analyses" of the materials of the 


dam, ete. Such 2 an investigation would involve considerable expense, but it is 
the safest procedure for the. development of dependable formulas for the 


(20) As final comment and, in part, as résumé of what has preceded, the 


ae (a) To seal best | all requirements, that is, to secure an acceptable den-- q 
sity and to keep within permissible limits of seepage velocity and seepage 
volume, the earth mixtures should preferably be such as to have an | n-value 

within the range, 0.25 to 0.40, and an “effective size” not to exceed 0.5 mm. : 

- _ On account of the better workability of the material, due to the larger per- 
eentage a of fines, the lesser values of n are the more desirable although it 
means, also, a slight sacrifice of density. ot howell 
YJ a (b) It is permissible, and often necessary, to exceed the | limits indicated : 
in Item (a) but the embankment design, of course, must be adapted thereto. 
It may mean flatter slopes, a greater provision for drainage, the need fora 
-core-wall, or of additional cut-off walls, ete., depending upon ‘the degree of 


a ‘departure from the ideal material. If, for 3 example, the value of n n exceeds i. a 
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> somewhat less. W ith the present better knowledge of mixing and com- 

paction methods, | these relatively small ‘percentages of fines are not only per- 

- missible, but they actually give a final density exceeding that of mixtures 

_ containing larger percentages of fines. kb contrasts rather sharply with the 

one-quarter to one-third, or more, pr proportion of clay formerly deemed essential. 
pal (d) To what extent economic considerations will permit increased expen- 

- diture to secure greater density of embankment materials by means of f more” 

thoroughy proportioning, mixing, and compacting» than is now customary, 

A - depends mainly upon the number and proximity of available borrow-pits and © 

- upon their character in respect of the amount of additional processing that 7 

may be required. The fact that additional 1 mixing may ; be rather expensive, 

_ and that the denser mixture requires more borrow-pit material for the same pis 

“embankment volume, tends to limit the extent to which extra processing can ae 

be economically utilized. Generally, the available materials must be taken as 
they are, with n¢ ‘more processing than results from the excavation 


the dam. The use se of borrow-| -pits of ‘somewhat com- 
position may permit a nearer approach to the desired mixture, without undue ; 

proportioning, ng, than would otherwise be possible 
_ (e) An intensive research as to the permeability of — dam embank 


- ments under varying conditions is urgently needed. It is a project | that should 


. =. be undertaken by the Federal Government rent through « one of its regular iat 


©. H. Kapie, Jr., s1 Jun. Soc. C. E. ‘(by letter). —Valuable informa- 
tion on n the selection of materials suitable for earth dams is presented by 
Mr. Lee. The author has developed | a criterion for the ‘selection of materials i 
which will give excellent results within the stated limits. However, these = 
limits seem to be too narrow. The writer believes that the design of the dam > 
— is 5 predicated uy upon the available material, and that a structure may be duleeel 


and built to meet all necessary requirements by wing materiale, fall 
outside ‘the limits presented by Mr. Lee. 


_ The design of an earth dam and the type of ‘construction equipment 
“selected to build it will vary with the materials used. To establish limits of 


satisfactory material would be to “destroy one of the most attractive 

ie cages of : an earth dam, its absolute flexibility. 4, Limiting the type of earth a 
dam under discussion to rolled fill does not materially affect the limits of z 
usable material. Having eclected a borrow-pit, it is only necessary to design 


“the e structure and specify the constru action equipment in order to obtain 


thoroughly satisfactory dam. The shortest haul will not necessarily result 
in the most ¢ economical construction. . The greatest economy will be found i in 


the least number of station yards and the absence of any unusual construction _ 


J. S. Bureau of Reclamation, Yuma, (Ariz, 


7 

| 

it For the limits designated in Item (a), the percentage of fines, namely, 
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va The material which will facilitate the an economical earth 
am lies within a small and known radius of the dam site. These materials 
should be investigated thoroughly for those desirable characteristics completely 
by Mr. Lee under the heading “Requirements for Suitability”, 
. Materials much more harsh than those shown in Fig. 7 may be used by seal 
a very heavy sheepsfoot roller. In facet, the coarse limit: established 
by Mr. Lee would probably require a roller weighing more than 2.000 lb per 
“4 ft, which is somewhat heavier than the usual design, = = | 
As shown by Mr. Lee, Talbot’s general grading formula, Equation (1), is 
—— suited as a criterion in selecting materials. The more nearly a 
4 material conforms in mechanical analysis to the curve established by «this 
the greater will be ‘its compacted ‘density. This will found 
. ina stratified borrow- -pit. It must be remembered, how- 
ee, Raa? the present t power | shovels are seldom able to mix materials satis- 
4 factorily during excavation, from a cut that is more than 20 ft deep. | It 
isa a fairly simple matter to prepare me- of 
chanical analysis curves. of composite 


samples to vs various depths. By solving 2° 
points, the actual size of the screens used Ipkeveng 


400 

“is to be preferred, the curve which most — 

nearly corresponds to some one value of 2200 


-m may be determined. Tt will be found <, gol 
m: many materials are quite erratic in 5 
the part of the e curve referring to material 
larger than 1 in. If the percentage of 5 sai 
material greater than this size is small, it & § 00 


4 will have little effect on the result and a 
ut for ‘scattered test pits, the 


Lee has shown very clearly the: 600 


known soil which be » 


determined by test. A knowledge 
__ these characteristics is essential in choos- 
ing the for a --rolled-fill earthy, 


4 dam. One characteristic men-— 


tioned briefly by him has proved extremely 5 130 
useful in the control of ‘moisture during 


oe “Higher water content [above critical] © 110 — ; 
results in increased plasticity, larger 


Percentage of Moisture, by Weight 
voids, and Tess density, unti 


desirable material 
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ON ROLLED- FILL EARTH DAMS 


is reached at which equipment will not be supported. lower content [below 
- eritical] may produce a fill of greater apparent stability with little or no "sy 
plasticity, but one having a greater void volume and ” density.” note 


This is. a relation always found in soil compaction. or any mi material the 
critical moisture is defined by t the peak of the compaction ¢ curve. . Fig. J “a ; 
shows a typical density-moisture (compaction) curve with a typical resistance ay, 
to curve in n pounds: per inch. Since 


pelationship is because it affords a convenient rapid method of 
and controlling the moisture content. ‘The details of making 


| this test and the apparatus necessary have been “presented in a ‘series of 

papers by R. R. Proctor, M. Am. Soe. Cc. 
the foregoing quotation fact is mentioned that very high (above 

ei moisture contents will result in a fill which will not support equip- 7 
EE For satisfactory construction conditions the hauling units should not 
ey not be by the fill at a ‘Moisture content 

31 shows a ‘series of compac- | 


Fre. a1. —NUMBER oF BLOWS PER 2-INCH COMPACTED LAYER aan 
tion curves developed from the same material at various degrees of work. b. 
As the work : increases (measured i in blows per 2-in. compacted layer delivered 


ture content decreases, The edditionsl. work ean be obtained by increased 
rolling or, best, imposing additional weight on the rollers. With 
present tendency toward large hauling units, and the necessity of using 
matched and trucks), it would be best to specify a very 
b heavy roller. This would make it possible to construct th e fill at a a lower 
‘moisture content and would avoid a condition of either too much moisture 
support the or a moisture content for the 

Soc. C. E. (by letter) —In a discussion 
dams it is that only untreated materials are to be 
used. Raw fill is to be dug in convenient pits and consolidated by pouy 


a... Engineering News-Record, August 31, September 7, 21, and 28, ee 
“Come. Engr., Los Angeles, Calif. 
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mechanical means. other arts, there has developed a considerable: use of 
earth ‘which has been consolidated by the » addition of imported media. 
Fe or sands the u use of chemicals as sa binder res sults i in a concrete for which : f 


hard material in without the ‘elaborate. and tedious 
- handlings of materials necessary for the making of Portland cement concrete. 
although already extensively used to form underground water cut- -offs and 
to prevent infiltration into deep excavations, there does not seem as 
yet to have been 1 any chemical binder used to ee a strong and impervious — 
s face | on dams, lev levees, or ditch banks pen 
For clays an extensive use of water- er-emulsion oil oil ‘admixtures has resulted, 
- 4 during 1936, in the production of a water- proof material which will carry 
a loads up to and in excess of those which the same clay, hard and dry but | 
untreated, would carry. Clays when treated with the emulsion rolled in 
‘¢ place, and allowed to dry o out, do not ags again a absorb moisture. . They 2 are per- 
_ manently cemented by the microscopic oil film which has replaced the water 
film that originally the particles. The quantity of emulsion used is 
2 determined by the extent of the fines in . the raw material as the binder a acts” a 
only on them. The total percentage on ordinary clays is very low and must A 
R Procror,*+ M. Am. Soo. C. E. (by letter).— —Five important require-_ 
"ments for soils that are to be used for the c construction of rolled-fill earth 
‘t dams are recorded in this paper. The requirements for water- tightness and 
the utmost importance ; the dam may fail x the 
< are 1 not sufficiently compacted to resist excessive softening or percolation q 
that may cause erosion or piping. Mr. Lee has shown that the grading 
of a soil determines the minimum ‘porosity that can be secured by use | eof 


ments require less time and expense, and that such ‘Tesults are more readily 
adapted to the control of construction methods.” “This is an absolutely 
- # essential requirement for any method of soil analysis or classification; no 

amount of detailed laboratory investigation soils is of value 
unless there is ; certainty that the soils will be compacted in the dam as the © 
wa ‘Until a better method is developed, the writer prefers to use the plasticity 4 
needle penetration resistance when compacted soil is fully saturated, 


minimum soil density for ‘stability, are 2 used a asa guide for 
from excessive percolation. It has been found that a given method of com- 
paction may produce a soil density of 12 lb per cu ft more than that | required 


_ for a saturated penetration resistance of 300 Ib per sq in., whereas, i in —7 
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te eataiaalli: No other explanation than variation in grading has been 
found; however, the writer feels that the | suitabili 


_ metamorphosed d ‘dioritic gneiss, so badly fractured: that it readily broke 
— down into an apparent soil as it was excavated and loaded into trucks. The 
writer had the usual compaction- -plasticity curves prepared, which indicated _ 
that successful compaction of this material was possible. . Several small com- 
- pacted test fills were then ‘made, using progressively heavier rollers until a 
roller weight and number > ‘roller trips adequate to accomplish a soil 


density sufficient for a s penetration ‘resistance of 300 lb per 


8% was retained on a No ss | Plasticity Need, | 


and 23% passed a No. 


Penetration Resistance 


sieve. The “specific gravity 
The laboratory compaction 
curve was prepared from 

57.2% that passed through the 


No. 4 sereen. _ extent of 


‘by measuring the density of t 
and then calculating the density 
at the fines by deducting the | 
weight and volume of all the 
material r etained on No. 
“sereen. will be x noted that r 
the field compaction was only 
per cu ft in excess of the 125} 
required minimum. This was for Indicated Penetrat 
caused by the 8% rock when Saturated 
(material retained on the No. 4 
screen) ; other samples of similar 
material, but containing 


tock, gave results comparable to 4 


| 


the saborstony compaction curve 


will be noted that Moisture asa Percentage of Dry Weight ot 
acted pen enetration 
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of 6 600 Ib per sq in. | represents the maximum allowable moisture « coment ta 

oe compaction of this material; the addition of more water limits the com- 
paction to less than the established minimum. — It will also be noted that 


i the soil can be compacted at penetration resistances greater than 2500 lb 


_~per sq in. It is desirable to compact this soil at a compacted penetration 
e resistance range from 2000 to 3 000 Ib per sq in., in order to reduce the Cost 
of truck haul over the fill and to o provide » for consolidation | during the ¢ con- 
_ struction period without — removal of water, thus eliminating most of - the 
Slow settlement that often occurs after a dam is finished. 
is interesting to note the effect of compacting this material a lower 
_ dry weight as, for example, that of 120 lb per cu ft. _ The laboratory com- 
" pacted sample : at this dry weight had a penetration 1 resistance of 100 Ib per 
sq in. as compacted, which, in the writer’s | opinion, is “too low a value for f| 
: safety in a large dam. The moisture content of this soil could a » 
without change i in dry weight, from 1 13.1% to 16. 3% of the dry weight, » upon f 
saturation. plasticity of this ‘material may be compared to 
that of a concrete mix of 1:2.46:2.95, dry rodded volume, with 7.1 gal of © Fe 
water per sack ¢ of cement. This is obviously too soft for use in a dam! 
This discussion “clearly | indicates the need for more than soil- grading “a 
to determine the suitability of some soils for use in earth dams. ee 


. The writer has had ‘sufficient t experience with various types of of soils to dice 


Tests are also required to the m oisture content ‘compaction, 
the ‘required compacted dry weight of soil, and to check the results of con- t 
eayeten: operations, regardless of the degree of suitability the soils may 
a possess. This work can be started a short time before actual construction 
begins, if lack of funds or other causes prohibit much preliminary experi- 
i Mr.  Lee’s paper r required considerable effort and time to “prepare, and | a 
continuation these efforts made to develop more data of 


L M. Am. Soc. C. te’ letter) is due 
author for crystallizing the technique of selecting ideal material for the im- 
pervious part of an earth dam in so far as this can be | done me by mechanical 
analysis. The paper is excellent 1 with reference to the one e problem of ideal 
grading of the ‘impervious region, without relation to the remainder of the 
dam nor to its | foundation nor abutments, upon the | assumption that such 
ideal grading is consistent with other ‘attendant , facts and conditions. 
In a practical application, the ideal material is seldom available in the 
immediate vicinity. ‘Usually, a large part, if: not all, of the dam must 
be built of less ideal materials in order that, for reasons of a 
a it may be obtained from necessary excavations or near-by sources. One 
would rarely find foundation upon which to’ build that would conform | 
_ to the ideal grading and degree of compaction called for by the author. 
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ON ROLLED-FILL EARTH DAMS 
‘Furthermore, it m may be contended that the word, 
‘sense in which it is used when applied to a given material, is an a 
‘different word from “stability” when applied to the as a whole, 
which is almost with “safety” and the two uses: of the word | 


protect the up-stream by Tapid lowering of the reser- 


wich consequent increase “cost ded upon the parpess of the 
dam, the foundation and abutment conditions, ona the value of water, 
od is ‘quite natural that the author’s insistence upon tightness should. be 
emphasized in California where water conservation is of such importance, 
and because soluble elements are common in soils of arid regions; but a 
vast number of flood-control dams are likely to be built in the East where _ 
tightness beyond the requirements of “safety 3 may have no importance 
whatever. Obviously, it would be “unnecessary to struggle for high i 
"permeability, for example, of mere retarding dams for flood-control 
poses, such as 3 those of the Miami Conservancy ‘District. 7 Dams of high - 
permeability may be just as ‘as safe and stable as very” tight dams: : (a) If 
the materials ‘of different character are disposed in proper relation so that — 
: oy become progressively more permeable (and amply so) toward the toe; 
(b) if each material will not filter through the next aaa jes 
sion; (c) if the materials are not soluble; and (d) if ample natural drainage © 
is provided on the filter principle to insure the escape of leakage without — 
carrying ‘out of material. Each “material, of course, should be com- 
pacted as much as its character permits. 
be It would be superfluous to struggle for the ideal grading and tightness of © 


» 


if the foundation itself were subject to leakage, dwarfing» that 
of the dam. This is the usual case with reference to dams in the Southern © 
Peninsula of Michigan, ‘some of which rest on as much as 1500 ft of — 

porous ‘sand and gravel, and depend for stability y upon proper drainage. 

; Seepage is dangerous only to the extent that it is not properly paca 
The art or science of draining engineering structures, especially dams, 

7 of such importance as to deserve recognition as almost a distinct field -% 
engineering which has received altogether too little attention. 
‘The logical design dam and the selection of “materials, even for 
the impervious part, is inseparable from its foundation and abutment 

q ‘conditions, drainage possibilities (whether natural or artificial), importance — 
of water conservation, , and the | purpose and location of the jan It is” 


any to lean toward the ideal as far as consistent with these conditions. _ 


H. Ler, st M. Am. Soc. (by letter). —The generous re- 
Sponse in discussion has fulfilled the writer’s hope that the subject-matter | 
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this | might be expanded. All aspects of the have received 
attention, including a number of points not listed in the paper. It is 
regretted that the scope of the latter precluded consideration of such broader 
features of earth dam design ‘and construction 1 as were mentioned by Mr 

ee ee subject has been covered recently, however, in a very able 

‘manner by T. Knappen, Soe. &, With regard to the 

penetration ‘needle mentioned sev eral discussions, the writer 

it and considers it a very effective and useful tool. cu 
The five principal | requirements: for suitability of impervious 
‘as listed by the writer, were accepted with more or Jess amplification by 
all who discussed the ‘Paper. _ Additional requirements pertaining to shone 
of particles, colloidal “materi ial, and cracking characteristics have been 
contributed. The discussions will be. commented upon in the order that 
the subject- matter appears in the paper. 

ion.—It was pointed out by Mr. r. Baumann t that cohesion due to the 

=" <ateinaas pene of water is absent under conditions of saturation ‘where no 
Ay particle surface is exposed — to air. He recommends that all stability tests 
on impervious fill be conducted upon ‘saturated “material. writer con- 

firms: this rule and would add that all samples that are small enough 80 
that the density is affected by surface tension, s should be submerged When — 

under test. is the practice in making the Terzaghi consolidation. test. 
It might also apply under certain conditions to shear tests. © ey 
Although open- minded with respect to the relation of thin films of water 
to ‘cohesion, Mr. Dore ag agrees: that the latter is” always “accompanied by the 

presence of “fines” and that its degree varies with the degree of fineness — 
of particles and percentage of “fines”. In this connection, it may 

stated that at all atmospheric ‘temperatures water is ‘present on 
_ surface of “fines”, in the form by hygroscopic moisture. Such moisture 


2 in equilibrium with, and i is derived from, water vapor in the air. W ater, 


therefore, goes “hand in hand” w with ‘ “ fines ” , and there is the ‘presump- 
tion that they both have some relation to cohesion. 
ye —There is general agreement that well graded materials are 
ideal for the construction of the impervious sections fill earth: 
dams. The Talbot grading formula is also recognized as a satisfactory 
criterion for selection provided n is confined to certain narrow limits. 
“Jacobs” ‘analyses from which he concludes that the 
value of n should be within the zange of 0.25 to 0.40. This slightly widens 

the limit proposed by the writer, which w was to 0.33. As stated 


Mr. J acobs, the loser values « of n are more desirable on account of better 
workability of material. With the present tendency to increase the weight — 
of rolling equipment and effectiveness of processing in 1 compaction, however, — 
increasing» ‘the value of the up upper limit of n to 0.40 may not be inadvisable. 4 
‘Mr. Hill points out that the Talbot curve with n=0.33 falls along the 
‘middle of the stabilization band defined by the Minnesota Highway 
partment for "wearing surfaces for gravel roads. niall 
Mr. Siashs believes that the degree of conformity of a mechanical _ 
curve with ‘the Talbot grading curve within the specified 
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indication of potential density. Mr. 
this He contributes interesting information regarding the 
abnormally high porosity of Hawaiian laterite soils which - he attributes to | 
the expanded character of the colloidal fraction. The condition described = 
e 5 by Mr. Cox probably results from a high degree o of flocculation | in the soil — 
induced by the chemical constituents of the local soil water. This con con- 
dition is not confined to laterite soils or equatorial regions, at! is enc 
tered locally wherever soils of fine texture are highly flocculated. It may 
result from a variety of causes. One well known example is the soft mud > 
Ys deposited by fresh- water streams where discharging into salt water. Loess _ 
_ (wind- deposited) soils of fine texture may also have abnormally high 
porosity as deposited, although this may be readily reduced by heavy rolling. 
a The latter is also true of highly porous cloudburst débris. _ Porous voleanic 
ash beds, on the other hand, may resist compaction. All such highly 
_ porous soils represent special conditions which must be taken into account, 
whether in dam, foundation, or other types of earth” construction. The 
. soils for which ‘porosity and mechanical analyses were presented in Fig. 1 1, 
and also those with which Mr. Jacobs worked, are of the deflocculated type — 
most common in earthwork in temperate zones. 
gers Jacobs and Mr. Cox both question the value of the grading equation: 
as an indicator of relative permeability. This subject will be discussed 
; under the heading, “ Permeability Bie Creager well describes the func- 
water § “tions « of the various fractions of a well graded soil mixture. == wake 
yy the §f Compaction. —Mr. Jacobs compares the densities attained at at present in — 
compacted earth embankment and in mass concrete, and finds that as an 
average the latter attains a density 25% greater. ‘He points out that they 
‘are composed of the same types of material and differ only in the decree 
proportioning and mixing and in the method of compaction. His query 
to. whether maximum economic densities are being attained in earth | 
= is a challenging one. The present tendency toward =e of heavier 
“rolling equipment, as illustrated by the work described by Mr. Baumann 
and refer ‘red to by Messrs. Kadie and Dore, ° will doubtless aid in reducing 
this difference. A more ‘effective means will | probably be found in the 
greater use of mechanical vibration equipment, | as emphasized by Mr. Dore. 
Iti is also probable that, as pointed out by Mr. Pyle, there is a Nada sath a 
compaction a after completion of the resulting from the “superimpose 
weight of material and expressed. in settlement. information is avail-— 
_ able as to the extent of such increase in density, but | ‘it t is unquestionably 


~ appreciable especially in the lower courses. Mr. Pyle does well to suggest - 
eter: that compaction tests include loading commensurate with the weight of the 
wer dam. Mr. r. Hill’ s reference to the influence of higher temperature in “pro- 
sable. ducing greater density, as shown by Mr. Hogentogler’s experiments, also’ 


at s 
tached water res ulting in increased lubrication. oie 


3 ff has possibilities. ‘This effect: doubtless results from the lower er viscosity of 
= 


_ Another field investigation is the possibility of facilitating 
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demeity may be in part to. ‘this 


Drainage. —Messrs. Harza contributed to 


impert rmeability is “not, esser The permanen ice and stability of 
such largely upon drainage, Natural drainage may 


pressure in any part the ‘dam to | load 
_ transferred from the solid material to water. It must also prevent the — 
washing out of fine” material. does well to emphasize the 
importance of ‘drainage for engineering structures. 
Shape of Particles. —Messrs. Dore and Creager explain the function of 
individual particle shapes in providing resistance to move ement in earth | 
embankment. Sharp, angular particles develop greater internal friction 
- ones and are distinctly advantageous. This is 
characteristic to be taken advantage of, if possible. 
pie Colloidal Fraction. —Messrs. Pyle and Cox emphasize the influence of 


- 


is well taken and shows value of mechanical analyses 
down at least to. “Maximum clay size (0. 005, mm) and furt if possible. 


Cracking Characteristics. — Messrs. Pyle and Field” refer to the 
-_ tndesirability of using material with an excess of fines, due to its tendency 


2 3 1.0 100 2 
Fic. 23.—PRoposep Limits IN MECHANIC AL ANALYSIS FOR GRADED MATERIALS 
FOR IMPERVIOUS SECTIONS OF ROLLED-FILL DAMS (REVISED oF 


‘refilling. This "especially in semi -arid. and ari 
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LEE ON ROLLED- FILL EARTH DAMS 
regions. minimum limiting curve is designed to exclude such 
‘material; but if a given material approaches this limit, has an appreciable 
4 colloidal fraction, or a high | degree of flocculation, it is recommended that © _ 
the standard Atterberg shrinkage tests be made before final selection. Ye 
Air Content at Mazimum Compaction. —From his experience with 
Hawaiian soils, Mr. Cox considers” the establishment of a permissible air- 
content at maximum compaction as a very important feature of selection ie 
of suitable materials for rolled-fill dams. His need for such a limit results — 
from: the prevalence in ‘the Islands of highly floceulated soils with 
preciable colloidal fraction. In Continental United States it is believed " 
that, except in special cases, the choice of materials in with» 
writer’s | limiting curves in Fig. 23 (which is revi 
in securing a permissible air-content. As a 
writer uses 5% by or 3. 3.5% expressed as water 


= experiences and viewpoints. As pointed out by Mr. _Harza, water con- a 
servation is of the greatest importance in the West and minimum leakage 7 

A is there essential. In the more humid Eastern States, however, water has 
little value, and water- -tightness is not essential. This is especially true 
‘of flood-control dams, of which many have been, or are being, built. 

following is a summary of limits for 


throngh rolled- fill earth dams: dams: aha x 


Writer: For water- tight da 0.10 per sq per is Stated a 
< a a limit; the maximum allowable leakage for any dam is 1.00 ga 

satisfactory maximum allowable limit is 100 gal pe 


- 


sper day, the value in any given. case being largely a: matter of 
oo es core material in water supply dams, 1 gal per sq ft p per tie - 
is an ‘acceptable limit; for 7 dro- electric pe power dams, 2 2 to 3 gal per 
S: The limiting value is a question of the economic value of 
and the possibility « of piping. There are many er entirely ‘stable “i 
J dams with seepage loss as great as 5 gal per sq ft per day. From | ioe _ 
economic value alone losses as great as 5 50 to 100 gal per sq ft per 


material, to produce water- with stability. "These represent nor- 


tion. W satisfactory has available, many impervious, 


dams in the West have been built | with ‘uniform section. 
Mr. Bennett refers to the use of imported media t to produce water- 


fast tightness, such as cemion, as a binder for sand and water emulsions, | 
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and oil admixtures for application to clay. The writer “might add to this 7 


list the use of ‘sodium carbonate or sodium chloride with loam soils f 


& deflocculants to improve water-tightness of the back-fill in core trenches 
mental work has been done and 


pest this purpose has been made in sey- 
Lest Messrs. Cox and Jacobs take is- 


_ sue with the writer’s conclusion that : 
there is a “correlation between me- 
chanical analysis and the permea- 
Bd bility coefficient as determined from 
wed actual test. Mr. Cox submits data — +4 
a for seven samples of Hawaiian soils 
(Table 9) and in Fig. 14 compares 
diagrammatically the permeability 
and size, in millimeters (830% pass- 

ine, in the latter study 


n 


both these samples and twe elve sam- 
| ples for which data are given by the - 
writer (see Fig. 5). To ‘supplement 
the analysis data shown 
_ in Table 9, Mr. Cox has 8 kindly fur- 
nished the complete curves. Fig. 4 

_ 24 is a re-arrangement of Fig. 14, § 


Permeability 


= 


L15-S6 


using t the complete data. Exami- 
nation of the mechanical analysis 
ee curves for the nineteen samples in- 
 dieates the classification | shown in 


AND PaRTICLE Size (Re-ARRANGEMENT Ww it e 
h th exception of Sample 


wg | Nos. 248-A and 258 these same = 


on Fig. 24 and designated correspondingly are shown 


Type of material Lee Sample Nos. Sample Nos. __ 


3 iform texture........ , 10, 14, 15, 17, 24, 33, 42 
~ L15-S6, £12-2 thd 333, 296, 2338, 939, 248-4, 120 


- * Conforming with Talbot equation for n = 0.25 ton = 0.33. 


is a relationship between mechanical analysis. and permeability an and that the 
reason Sample No. L15-S10 has such low permeability in comparison with 


thers is that it is the only sample having well graded ere 7 — 4 
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 eurves.” It does show, however, enormous differences between dissimilar 
groups of soils having sim similar mechanical analysis curves. The differences 
in permeability, as shown by the grouping, are apparently due to degree 
of grading and not to character of soil. Within any group, the differences 


in permeability are due to character of soil as_ controlled by particle size. 


_ The eccentricity of ‘Sample Nos. 248-A and 258 may be due to observ- { 
Sacobs states the w writer's suggestion (which he to be that 
3 to permeability * * * may be judged by dicitietiea re mechanical 
analyses” of the materials, their value of the Talbot formula.” The 
writer’s view, restated, is that materials which are shown by mechanical 
* anal, s to be graded in conformity with the Talbot equation, with values” 
of n from 0.25 to 1 = 0.33 (curves concave upward), have much lower 
permeability coefficients than poorly graded materials (sloping curves» 
straight 0 or irregular) a very much lower than uniform textured mate- 
rials (curves ¢ convex “upward ¢ or vertical). . This statement, it is believed, 
weed | by Fig. 24. - With regard to Mr. Jacob’s proposed limits | 
n=0.25 ton = 0.40 and “ effective size” not to exceed 0.5 1 mm, this con- 
dition would fulfilled Fig. 6 or Fig. 23 if “the maximum 
curve were drawn for n= 0.40 instead of n= 0.33. As previously stated, 
such a change | may desirable in near of th 


ami- empirical formulas -water few as to earth mixtures 


lysis. in As he well states, “ permeability 4 formulas" have been de- 


: cu 
‘For many years the writer has upon 
rather than the use of formulas. 
Mechanical ‘Analysis. _—Almost every discussion n included comment upon 
i writer’s proposed limits for grading materials suitable for impervious 
- sections of rolled-fill earth dams, as s as set forth in Fig. 6 and d Fig. 7 and the ¥ 
“supporting tabulations. These comments are § summarized as follows: 
_ Mr. Knappen prefaced his comments by the statement that “ “greatest — 
_ economy generally results from the use of materials closest to the site.” 
He ‘considers that ‘materials finer than the writer’s minimum limit may 
for ious core construction, dependence being 


Mr Baumann states that “material which is nc not initially ‘suitable 


because of gradation defects can be made so by proper compaction. 
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Dore considers the minimum limit satisfactory, but that curves | 


ON ROLLED-FILL EARTH ‘DAMS 


to lenge pieces of which 


4 as that used in Zone 3 of San Gabriel Dam No. * dee 
 guitable 1 ‘materials especially of glacial o origin, n, with little clay, may may lie 
outside the maximum limit for short distances. 
Mr. Creager thinks that the limits are helpful for preliminary studies 
provided their use i is guided by ex experience ce and judgment. believes that 
- some materials outside the limits might be suitable and that other materials 
within the limits might be unsuitable. For a more accurate definition of 
requirements for graded “materials, he su suggests ‘intermediate lower limits 
with varying clay content, and would eliminate entirely the diagram for. 

. ad Mr. Jacobs defines limiting maximum curves as as those with n nm values in 
= the Talbot equation between 0.25 and 0.40 and an effective size ‘not to 

7 exceed 0.5 mm. . The percentage of fines (0. 05 mm) under these limits — 
would generally not exceed 15 per ‘cent. ~The’ e maximum limit (n = 0.40) 
for the 5-in. maximum size of particle would slightly exceed the writer’s 
maximum limit (see Fig. 23), & 
a Mr. Kadie considers the limits as too narrow, believing that the design 
of a dam should be predicated upon the available material. Mr. Proctor 
states that he not use limits, placing dependence 
4, compaction and ‘permeability tests, and plasticity needle 
the ‘told. Mr. Harza the for attaining the ideal 


data is thus little favored, cians generally ‘confined to 1 those ‘families with 


Mr. Proctor and others point out that selection on the basis of me-— J 
_ chanical analysis is at best preliminary and that other considerations, 
including the results of compaction and permeability tests, must form the 
basis for final selection. This is in accord with the writer’s views as _ 
expressed in the paper. The principal field for selection by mechanical 
however, is in reconnaissance, preliminary investigation, 
studies, small projects, etc., or where limited funds are available for in 
Mechanical analysis is a widely known standard test of broad 
usefulness which can | be ‘a variety of 
14.—Controt Data For Fie Limiting Curves 


| ‘Maximum size Value of n in 
ol of particle, | the Talbot } 
wd in millimeters | equation {| A. 
Minimum limit: No. 28 sieve : ~ 
Minimum limit: No. 8 sieve 

Minimum limit: 

Minimum limit: 1} in.. 

Maximum limit: 5 in. 
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"reasons writer that there 


ith the addition of the curves in Fig. the 


agrees with Mr. Creager that there is no practical need for Fig. «% giving | 
limits for ungraded materials, such limits being provided by 


between the adjacent intermediate curves in 


_ 
is utility for a set of limiting cur 
intermediate fine limiting curves hav 
7 4 from th curves ave been « 
: rom the control data listed in Table 14. In using Fig. 23 it wv ee 
nat 
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‘Synopsis 
Certain phas of the inter: notion: between the structure 
concrete arch bridges are herein a view toward relating the 


oss’, 


‘ere in or the deck girder develop ‘all the 
er are normal. _ A third type of structure having normal characteristics 
; = most cases of loading i is similar to a Vierendeel truss, with ia a 
i, and with floor and rib of approximately equal stiffness. 
Other structures are hybrid and cannot be for given 
by the traditional procedure of ‘repeated analysis ar and design. ‘How: 
ever, where the columns are flexible the action of the structure can be pre- 


y  Cteeninnd and the stresses can be predicted and controlled within reasonable | 


ih the case of the hybrid structure, the same degree. of economy and safety . 


, can generally be obtained by designing the rib to carry all the load, and by 
9 neglecting the effect of interaction on the deck, as can be obtained by taking 


UL 


account of by the traditional procedure of repeated and 


The treatment of a an open- -spandrel as a ‘rib 
due to the superstructure is clearly incomplete. Interaction between 


Note.—Published in September, 1936, Proceedings. 


Research Asst. Prof., Civ. Eng., Univ. of Illinois. Urbana, Ill. 
 £“The Relation of Analysis to Structural Hardy Cross, Transactions, An 


( 
; = 4 
— 
| 
| 
— 0.5 8 8 8 
tures presented in 1935 by Hardy Ci . Am. 
Certain limiting cases of the arch With integral superstructure are 
| 


SPA ANDREL CONCRETE 


seems to indicate that interaction is relatively — unimportant. — — 
arches so designed have been primarily “dead load” structures, carrying rela- a 

tively light live loads and resisting live load flexural effectively by 
virtue of the heavy dead load compression in the rib. In such an arch, when 7 
built o of the proper shape, the greater part of the stress is as definitely deter- 
minate as for a statically ‘determinate structure. It seems scarcely necessary. 7 
to add that this type of arch bridge i is entirely different i ‘in essential structural 
‘characteristics from a structure of the same shape designed to carry : ‘relatively 
heavy live loads, particularly when the size of the rib is reduced by shifting 

material from the rib to the posts and floor. 

oe The Final Report « of the » Special Committee « of the Society on Concrete and : : 
Reinforced Concrete Arches* "has called attention to some phases of the sig- 

- nificance o of interaction. For ‘example, i in Section I, Article 3, , Conclusion 7b) 

live load stresses be determined considering 

as a whole and not the ‘ib alone, “because of the effect of the deck participa- 
tion upon the stresses in the deck and columns rather than because of its effect 
upon the stresses in the rib”; and, again, Conclusion 9 points out that, law.” 

A deck without intermediate expansion points, constructed so as to act 
with the rib in carrying loads, reduces the magnitude of the live load moment — 
at the springing where the deck does not increase the strength of the struc: 
ture; and it increases the moment over the central portion of the span — 
where the effect of ars deck i is greatest. 

_ ‘There seem to be two not very clearly: defined and sometimes conflicting 


ies? 


and should be avoided if possible by means of joints. and hinges or by other 

of articulation ; and (2) that interaction an to 

aspects. This latter point of view is best a review of ‘a paper 

which states, “French engineers have s shown Americans t that remarkably light i) 

efficient concrete bridges can be designed by considering the spandrel 

Previous I nvestigations.— —Any of a number of analytical methods n may be 
used for the determination of stresses in an arch with superstructure. Most 7 
of them were developed primarily for trusses without diagonals and for 


ture on the subject of interaction: : QQ) That interaction is a source of digit 7 


i. 
_ building frames. In general, they will be found to consist of variations in pis 
either of two fundamental procedures: 
a a) Maxwell’s procedure i in which cuts or hinges are introduced at at enough ae 


a in the structure to make it samietde determinate and then forces are ay 


“Integral Arch Action” by George E. Beggs, M. Am. Soc. C. E., on file in Engi ring — 
Library ; reviewed in Civil December, 1933, p. 697. 


| 


ols rib and spandrel structure is inevitable as long as the parts of the structure _ “a = 
— 
= 
IN, 
— 
ire 
he 
— & 
al 
— 
al | 
— 
4 
le 
4 
ig il 
4 — 
; 


(2) A method u by Hendy Cross, * similar to Ostenfeld’s de 
4 method, in which various independent sets of joint displacements are pro 
- duced and the forces involved are determined. These independent configura- 
tions are are then combined in such proportions | as to give the forces acting on 


Several approximate analytical métliedl have been suggested but are not 


a available. Various » simplifying assumptions permit a fairly rapid 
~ solution of the problem. The writer has made studies of different types of 
Se a arch bridges using methods of analysis’ that he has adapted, in order to test 
validity of the simplifying assumptions that have be been en suggested. 
general, none of the approximate solutions is applicable to a wide range « 
_ structural types. Exact methods of of analysis require almost as ‘great an expen- 
4 diture of time and effort as as that nece necessary -y for the complet tion of an “accurate } 
Bae Analyses by means of models using the deformeter gage introduced by 
George E. Beggs’, M. Am. Soe. C. E., and by : models using the polarized light 
method" have been made. Deformeter model analyses are reported in articles 
describing the arch -viaduet, at Ashtabula, Ohio,” the ‘George WwW estinghouse 
~ Bridge” , in Pittsburgh, Pa., and the Raritan River Bridge, in New Bruns- 


wick, N. J™. In these ¢ cases it should be noted that revision in design 


Wi 


; ime model analysis was used to check a simplified theoretical analysis of the 


size it would appear not. — 4 It 1 may be noted that™ “greater | stresses are conceded 
for the superstructure than those for the main arches” due to the deformation 


of the arches resulting in a greater loading of the superstructure than that 


y 
‘The « experimental method may be summarized briefly as the determination 


of stresses in a prototype loaded in a manner similar to the actual structure. 
wR See, for example, “Continuous Frames of Reinforced Concrete,” by Hardy Cross and 


any advantage was taken of interaction in the design of the rib. ‘From its’ 


N. D Morgan, Members, Am. Soc. C. E., pp. 105, 228, and 236. C 

Indeterminate Structures,” by Hardy Cross M. Am. Soc. C. E., pub. in 
| pimoogrehed, form, 1926, p. 167; see, also, “The Effect of Temperature Stresses in 
Open-Spandrel Arches of Reinforced Concrete,” by M. F. Lindeman, Thesis submitted in 


7™“Interaction Between Rib and Superstructure in Concrete Arch Bridges”, by N 
- Newmark, Jun. Am. Soc. C. E., Thesis submitted in partial fulfillment of the wa BB. 4 
for the degree of Doctor of Philosophy, Univ. | of Illinois, 1984 (prepared 0 = 
supervision of Professor Cross). “ 
“Model Analysis of a Reinforced Concrete Arch” (Yadkin River Bridge), by 
Thompson, M. Am. Soc. C. E., Public Roads, Vol. 9, No. 11, January 1929 p. 20 Ps “te 
“Deck Participation in Concrete Arch Bridges, ye A. H. Finlay, sane. M. Am. Soc. C. 


Civil Engineering, November, 1932, p. 685. | 


_. ®“Cours de Beton Armé,” by A. Mesnager, Paris, 1921, . 223, sea peh 
On gs of an Open-Spandrel Arch Viaduct,” by J. R. Burkey, Engineering News- 
101, No. 25 (December 20, 1928), p. os 
“A Concrete. Arch of 460-ft. Span,” by G. Am. Soc. C. E., 
Engineering News-Record, Vol. 106, No. 17 (April 23, 1981), Ca 
2 “Two High Traveling Towers with Chutes Place Concrete on New Brunswick Maltipe 
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33 (192 Viaduct by Adolph Bunter, Proceedings, 


not always 1 made from the results of the 


Grandfey Viaduct’, in Switerriand. It is not clear from the article whether 


vartial fulfillment of the requirements for the degree of Master of Science in Civil ¢ 
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“OPEN -SPANDREL CONCKETE AnCHES 
The most notable examples of experiments on arches” with decks have a = 
those conducted on the Yadkin River Bridge* the series of 
ments” W. M. WwW ilson, M. Am. . Soc. E., at the University, of 
" “Illinois, on miata models. It is important to note that in these experi- 
cracking and disintegration of the “superstructure occurred tests 
{ destruction, the superstructure being g affected "almost to the same » extent as 
the rib, although was chosen as to produce n maximum 
wy Object of Present Study. —This paper relates certain phases of the behavior — 
ail arches with integral spandrel structure to the general philosophy « of design 
presented recently by Hardy -Cross*. is not concerned with methods of 
analyzing stresses, nor with the of it dev what i is believed 


ar. 
in a 2 in which the are so numerous 


‘difficult to separate; but with the classification of indeterminate structures 
developed by Professor Cross, one has available the basis for classifying and — 


interpreting data bearing on the subject, or on related problems concerning _ 


It is to supplement and analytical data with infor- 
mation pertaining to experience. Ww hat evidence, if any, is there of “over: 


st ss in the floors, columns, or ribs of arches that have been constructed eee 


Where have eracks occurred, and in what type of structure et ‘That i is, what > 
Pine the relative stiffnesses of floor, columns, and rib, and where are the expan- 


sion joints (if any) located? The writer hopes that those who have infor- 
- mation along — lines will contribute to the discussion. — He would ask | a 


farther ¢ question: Has an arch bridge actually been and constructed 
taking interaction into account, and what changes in floor, columns, or rib 


were thereby made possible, or became necessary? 


INTERPRETATION OF StructuRAL AcTION 


Classification of Indeterminate Structures.—In Tev ising the n 
‘member in an indeterminate structure from the results of an analysis, it is 
hecessary to know how the stress in the member will | be affected by revision. 
in its proportions, . and by revision in the dimensions of other members in 
the structure. Professor Cross has defined qualitative types of wine 


— in sii of the response of the member to changes in des ign®", 


a 


“Loading Tests on a Reinforced Concrete Arch,” by A. L. oe and W. F. Hunter, 
‘Public Roads, Vol. 9, No. 10, December, 1928, p. 185. ean. re Tae 


“Laboratory Tests of Reinforced Concrete Arches with Decks”, tw W. M. Wilson, | 
Bulletin 226, Eng. Experiment Station, Univ. of Illinois, 1931: “Laboratory Tests of 
Multiple- Span Reinforced we Arch Bridges,” by W. M. Wilson, Transactions, Am. 
Soe. C. E., Vol. 100 (1935), 424; and “Laboratory Tests of Three- Span Reinforced Con- 
crete sae Bridges with Devks on Slender Piers”, by W. M. Wilson and R. W. Kluge, 
Jun. Am Soc. C. E., Bulletin 270, Eng. Experiment Station. Univ. of Illinois, 1935. rial 


Transactions, Am. Soe ©. E., Vol. 101 (1936), p. 1395. 
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qa) Participation the action in which non- -carrying or nui- 
sence sti stresses are developed in a member due to very nearly fixed strains 
resulting from the deformation of the load- -carrying members; ae 


(2) Normal | action corresponds to a very magnitude: of the 


(3) Hybrid is best defined as in a range intermediate 
participation and norma , where forces, n moments, 


dependent on the size of considered, or on the of other 


by ana ysis. to be over- 
ig, Pus bE A stress can only be lessened by reducing the strain the 
member must undergo ; for example, linear strain due to o angle « changes 
easily reduced by decreasing the depth of the member. Normal stress can be 
ye reduced by increasing the size of the member, but hybrid stress may be — 
either increased, decreased, or when the size of the member is 
increased. W Vhere maximum stress arises ‘from a ‘combination of circum-— 
stances it is. necessary to keep i in mind the relative importance of the ‘different 4 


fact tors contributing to the stress in a member in arriving at a design. eee 


Load- Carrying and “Nuisance Stress.—In considering the significance of 
- over-stress, it is convenient to make a distinction between stresses depended — 
to ‘ ‘carry the load” and secondary | or nuisance stresses resulting from the 


action of the structure but having no ‘useful function. ~ Over- stress in : de 


is mal | action is serious. _ Ov er-stress due to participation is dangerous only to the 


extent that the ability of the member to perform its primary function is 
ed. Over-s “stress in action may or may | not bes serious depending 


factors 3 in the properties of ‘the material 


is not alwags seriou if the superstructure is is not depended upon to ‘reduce t the 
"stress in the rib. If it is possible - to reduce the size of the rib of an arch 


bridge because of interaction, but if at the same time the ‘superstructure a 

must be strengthened and if the resulting structure is neither appreciably more 


economical nor certainly more safe than the structure as designed neglecting a 


Puasts or Interaction Between Rip SpanpreL Structure 
Results of Analyses; Moment Diagrams.—T he writer has made analyses” 


; i of different arch structures but, for the reasons stated previously, 


— 
Briefly, the following types of action are defined, resulting either from external 
q 
— q 
| 
— 4 acting on the member are practically independent of the size of the members _ 
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OpEN- SPANDREL CONCRETE ARCHES 


these analyses. However, some of the data obtained are of interest in show- 


the effect of i interaction, and are presented for that purpose. 
One of the series of arches analyzed consisted of a set of five- -panel struc-— 
tures having different decks, all with practically the same rib. Sketches of 
4 the structures are shown in Fig. 1. ‘The rib i is parabolic in shape with the 
4 moment of in inertia varying directly as the secant of the angle of inclina- - 
tion with | the horizontal. Several different of 
of deck and columns were con- 
sider red. In Fig. 1, ull the strue- 7 = es 
tures are symmetric] about the | 
center Tine. . The dimensions denote 
‘relative distances and the relative ag 


en a | Constant 


“moment of ‘inertia is given as 
The struct ure with a high deck is 
shown in Fig. 
with a low deck an infinitely 

saddle at the crown is shown _ 

in Fig. 1(b), an and the structure con- F 
sisting of a flexible polygonal rib 
with a stiffening girder is shown in 
‘Fig. l(c). Except for the s saddle, 

5 the rib in F Fig. 1(6). is the same as 


‘that in Fig. 1(a) 

_ in Fig.  2(a) loaded with a 
Let H denote the horizontal com- 

denote the vertical components. 
any vertical section through rib and | () FLEXIBLE RIB WITH STIFFENING GIRDE 


deel ‘such as y-y, the s sum of the ‘Fic. or ARCH Sravcrunss 


onent of the reactions: 


H = H in rib Hin 


Furthermore the of the of the forces in rib 


at the at 


‘floor is the areas, yemaining areas denote the pert a 

of V and H resisted | in the rib. The change in tl < in tl 

a he rib.‘ e change i the part of Hr esisted in the 
‘floor a at the column points represents the shear i in the column. 
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anil total moment, M, about the centroid of the ib at ‘section 
sidered is resisted by flexure in the rib, by flexure in the floor, and 
moment of the horizontal in the floor about th the centroid of the 


Total M = M in rib + M in floor +H in floor 


moment for these members, plotted on their compression side. The —— 
in the floor is -replotted « on the pressure line as a base, and is shown by | 
the cross- -hatched areas in area of total 
moment in Fig. 2 is then | the moment about the centroid of the rib b due — 
to horizontal thrust in the floor. The three pa parts : of the total moment « diagram 
show, then, the relative values of the three sources of resisting moment. __ 
The ‘moment diagrams for the arch with high deck of Fig 1(a)_ 
unit load at Point C is shown in Fig. 2 for relative moments of inertia of rib 
at crown, floor, and columns of 4, 4, and 1 hae  2(a)), 4, 4, and infinite 


(distance between floor and rib 
8 Fe Ses curve of total moment about the centroid of the rib is shown in Fig. _ 
as the vertical ordinate between the pressure line for the loads” (the 
a heavy dot-dash line) and the axis of the rib, since the value of H is constant — 
for the entire length | of the ‘structure. this same scale, the shaded d areas 
oe plotted on the rib, columns, ‘and floor as s bases, represent the diagrams ams of — 


Rw 


ON 


Loap aT P 


relative moments of inertia of 1 the The 


PoINnT 


» E moment diagram for the arch with a low deck of Fig. 1(b) for a unit load at 4 
S.. ave C is shown in Fig. 3 for relative moments of inertia of rib (except for 7 
the infinitely stiff saddle at the crown), floor, and columns of 4, 4, and 7) 


0.625 
2 
58 (H for Bare Rib = 0.863) 
= 
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“RELATIVE MOMENTS OF INERTIA: RIB AS IN FIG. 
3.—MoMent ror Unit Loap at Pont on RIB 
Te facilitate. comparisons w with the moments for a rib without super 
Siveotere, the points on the « diagrams through which the pressure line | passes 


for the corresponding rib without deck for a unit load at mening are 
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OPEN-SPANDREL CONCRETE ARCHE 
indicated by the endll: circles at the sp springing g and at the load point. ‘The 
_ value of H for the bare rib is indicated on the diagrams. oer p> =. 
‘Typical Influence L Lines.— —Typical influence lines for momen 


ta 
_ stress in rib and superstructure are shown in Fig. 4. They were computed 


| 
t 
Rib with Deck 

58 
£2, 2 
0 


235 


Fig. 4.—Typicat INFLUENCE LINES FOR Ancu WITH HicH G 
‘ale single-span structure having a high deck without expansion joints | 
tested by Professor Wilson, a a drawing of which is shown in the Final Report 
of Special Committee on Concrete and Reinforced Concrete Arches." 


The broken lines in Fig. 4(b), Fig. 4(c),, and Fig. 4(d) show the influence 


4 
lines for “ primary stress” in the superstructure, defined as the stress with 


“ the deck and columns considered acting as a continuous frame fixed at the 
« column bases. 4 The differences between the full and broken lines in ‘these a 
3 


: Te4 diagrams indicate the relative effect of interaction on the moments. It is 
» a noted that the interaction eff effect i in the floor at the end of a panel is so ‘great 
that: the : sign of the “moment for live loading is changed from that corre: 


—- » Transactions, Am. Soc. C. E., Vol 100 (1935), p. 1486, Fig. 41(a). 
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The for flexural and direct shown ‘in diagrams are com- 
puted on on the basis of an uneracked | concrete section, neglecting» the “steel 
3 reinforcement. The values. obtained show the relative effects of moment in 
the various members considered. It appears that for a single. concentrated 
oad 0 on the structure for which the influence lines are shown in . Fig. 4, the | 
F maximum live load flexural stress at the base of Column 3 is approximately — 
, 1 times the live | load flexural stress in the rib at the same load point, when 
the concrete is assumed to be capable of taking tension. OA comparison may 
‘a Iso be made of the flexural stress at the base of Column 3 with the maximum — 
stress in the cor responding bare rib at the same point due to a single cor concer 
trated load. One finds the relative values of these stresses to be 0.67 in the 
ie Stresses Due to External Imposed Deformations.—The effects of tempera- 
ure ve change, ‘spread of abutments, or rotation of abutments, are: qualitatively p 


‘the structure, comparisons have been for structures of the 
ABLE 1.—Momexrs Due To A Unrr | in Span ror Rie witnt 


YPES or Deck SEE Fia. 1 
(Sign of moments corresponds to a shortening of span; positive moment ‘a 


Ss 
produces compression at top of rib and girder, 


Bare rib | with with igh deck be 


er 


racer 


2.914 1.826 2.278) O- 2.814 


0.224) 9.1341 9.3662 0.2461] 0.0183} 0.1384 
0.7578] 0.6685] 0.5607 


0.3554] 0.6330) 0.4949]... 
—0.0306} —0.4491) —0.1611 
0.0453} 0.5091] 0.0029 
—0.1802| —0 4426 
—0.0960| 0.1124). 

—0.1321 


0.3894 


—0.0586 


0.0116} 0 

—0.0475} —0.0548 

0.0843) —0.0548 
0.2961 —@. 0822) 
| 0822 


| 
_ 
ural — 
ited 
— 
7x 
¥ 
7 
| 
— 
— 
— 
— | 
— 
"Height to neutral point | 3.125 | 2.750} 2.200] 1.451 
“Springing Reactions: | «=| 
0.0108} —0.0360} 0.0045] 0.45: 2. im 
nts —0.1408} —0.2518] —0. 1335] —0.28 |-0083 
eat 161| 0.4002} 0 | oO 
Base: 0.0835] —0.0216] —0.0355| —0.0355) —0 0 
* Infinitely stiff saddle at crown; otherwise, = 


all due | to a ‘unit chang in span an arch rib with various types 

of deck. The effect on the rib of interaction with the deck is to increase the 

a - Qonsider the deformations of an arch structure with deck due to a given 
change: in span. . If the. columns have little stiffness and the floor, at all 
sections, has the same relative 6 tiffness to that of the rib, the change in — 

_ shape of will not be altered by the superstructure. Consequently, 

in such a structure, ‘the temperature flexural stress in the rib will be the 
same as in the bare rib. However, there will be temperature flexural 4 
- stresses in the floor, which will be to the _ temperature stress in the rib 

at any section as the depth of the floor is to the depth of the rib at that 
section, since the deflections (and consequently, angle changes), of the 

and floor a are the s same. Note that the direct temperature stresses will be 
_ higher i in the composite steustene than in the free rib, but the direct stresses 
‘If the floor has, say, a ‘a constant mc moment of inertia and that of on rib 4 

varies, and the columns still have very little stiffness, the change in shape of 


the rib due to a given | ran movement v will be altered somewhat from the 


_ Hence, there will be a greater distortion in the haunch and near the springing ~ 
with a relatively higher temperature stress in the composite structure at those 


atts at the | crown n than at the springing compared with the free rib. 4 


Consider now the effect of ‘the columns. Sinee, in general, the 
stiffen the structure and the g given ven displacement ‘must take | place, there will 
be correspondingly greater distortions in the rib with stiffer columns; al . 
hence, there will be greater deformation ‘stress in rib” and floor with stiffer 


columns. columns also will have high moments due to deformations. 


‘The increase i in relative stiffness of the crown of the. composite structure 


over the crown of the free rib causes a reduction in maximum live load 


2 moment at the springing, but this Same cause produces inevitably an ‘Increase — 
in temperature flexural strain at the ° springing. The fact that one effect ' 
cannot exist without the other is worth some emphasis. 


__ The significance of high | ‘deformation stresses is a matter of judgment. 


er, 


Attendte have been made to reduce stresses due to these causes by expansion % 
joints and other articulations in the deck of the bridge. — These attempts are a 


always § successful, sometimes ‘merely localizing the effect, particularly is 
_ the case of « expansion joints at the ends of a saddle in a low deck bridge. Keak 3 


Tt: must be noted that for structures in which interaction is depended 


' a upon to ) reduce stresses in the rib the stresses in the deck due to deformations — 


and temperature changes important in so fare as they couse -crack- 


stiffness and thereby ‘the aid which ite can the 
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Summary of Results of Analyses. —A study of number of 


ines and moment diagrams seems to indicate the following conclusions: “a 


a w The maximum live load moment at the springing line and at inter- 


mediate column points” on the rib of the integral structure is considerably 
’ reduced by the in interaction with ‘ the deck. ¥ For intermediate column points 


4 the reduction may be of the order of 50% % when the moment of inertia of the 
- floor is equal to that of the rib. The m moment between column Points in 7 
the rib is reduced than the moment at the column p points 

(2) The interaction and deck for live load adds 
moment in the floor at the center of the panel, computed as for a frame fixed “— 
at the column bases. At the ends of the panels, the interaction moment in 


the floor is opposite in sign to, and may be much greater than, the primary — 


= (3) ‘The interaction live load moments in in the columns are considerably _ 


— greater than the primary live load m ments, even for slender columns. The 


interaction column | moments are greatly increased by making the columns _ 


Pay: (4) Where the columns are quite 6 stiff and the rib and floor have ‘spprpai- 
mately” equal mome nts of inertia, ‘points of inflection or points of 
*: moment are close to the center of all members for most conditions of loading. ¥ 
(5) Temperature and deformation strains at the spr ‘inging the rib b of 
- the integral structure are much greater than in a bare rib. ‘Temperature 
strains | in the deck < are likely tol be of the same order as those in the rib. 


‘The temperature strains are increased by making the columns stiff. 


4 Treatment Arch with Superstructure as a Flitch- the 

spandrel columns of an arch bridge are quite flexible and closely | spaced, it 

‘is evident that the deflections, slopes, ‘and angular changes a along the arch — 

rib must be equal to those along the floor (except for the change in length 

of the > columns, which « effect. will be ‘neglected, but can be taken into ) account 

if necessary). Then all direct stresses due to thrust will be carried by the _ 
rib, and the relation between moments and flexural stresses in rib and floor 

os be predicted and controlled by vi varying their relative depths and sae 


In other words, the structure can be designed if it were composed of 


at least t to Rankine, 19 and hes been | ued Considér we. 20 Professor 


-Cross* has d discussed several — aspects of this treatment in connection with 


An analysis for the purpose of ‘diate may be developed along the lines — 


of Professor Cr ross” treatment as follows: The deck girder will have primary — 


«See “Civil Engineering,” Seventh Edition, 1871, pp. ware 314; and other editions at st 
were the same page numbers. 


See, for example, de Beton “Armé,” ‘by Mesnager, Paris, 1921, 198. 
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stresses due to its action as a conti beam. stresses are due to the 
dead load of the ‘deck only, and the entire live lend. The arch rib | will take : 
4 all the thrust, 
working stress the primary ‘girder is available to ‘resist inter- 
action flexure i in the girder. difference between the working stress and 
the strees ss dus to ‘direct in the ‘arch rib is available to resist ‘flexum 
a the rib. Temperature and d deformation stresses may also be  discomaint 


fromthe working strom, 


@. ae. The stress: due to interaction flexure in the girder is to the flexural stress a 


in the rib | approximately as the depth of the girder i is to ‘the depth of ‘the rib. 
The rib and deck 3 resist the moment (except for primary moments) approxi- 


mately i in proportion to their moment of inertia. 
il few rough figures will enable an estimate to ber made as to whether a 


tentative combination of depths of girder and rib is efficient or inefficient, 


a and will give some idea as to what can be done about it; for example, if the 


girder is found to be overstressed, ‘it must be» that increasing . 
+ 4 the depth of the girder may increase interaction stress, although it decreases 


Analyses of several structures by the writer have indicated that for loads 
applied : at column points, the approximation involved in the assumption that 


1 are spaced is very good. This approximation is strictly. 


x4 true for the particular case of a two- hinged arch rib polygonal in shape with — 
= a deck composed of straight prismatic segments between column points, in . 
which ratio, has the same value in every panel. 


7. loads nabs column po points. it is necessary, for accuracy, to find, first, the 
column reactions, considering the floor as a continuons beam, and then to — 


apply these reactions to the composite structure. 


___ Where there are expansion joints in the floor x total moment must be ; 
taken. by the rib. Where: the floor is not continuous over the sp springing ig the 7 
_ moment at the springing is resisted entirely by the rib 4 
or certain: eases it is “possible that ‘neglect ‘of the columns will not be 
on the safe side. If the colamas are stiff and the floor flexible there is 
considerable local flexure o of the floor and the moments in the e floor may be . 

: _ several times as great as those assumed on the basis of (of equal angle changes, 


5 unless s the stiffness of rib and floor is of about the same ame order. 


for which bridge is designed are are dead load, live load, a1 and ‘deforma 
such as those due to temperature change, move- 


Neglecting the effect of shortening there will be no interaction stress 
for dead load if the pres sure line for the weight of the rib and the dead load 


_ reactions of the deck acting as a continuous frame fixed at the column bases — 
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a floor). depend mainly on the » panel length. The interaction moments in the floor - 
> 


as deformation prey The manner of constructing ‘the structure 1 must 
considered in evaluating the effect of rib- shortening ; for example, if nd 
arch centering is struck before the deck is constructed, _ rib-shortening due 
= the weight of the rib will not cause interaction stress. _ att: SuaSnitile Te 

_ The dead load and live load moments in the floor considered acting asa 
‘a fixed at the column bases (defined as the | primary moments in the 7 


are a function of the relative stiffness of floor and rib as well as of | @ 
“ ‘the span length of the rib. Adjustments of the depth of floor and rib, there- A 
‘fore, may y make the interaction stress in the rib almost anything that 

desired within -Teasonable limits. ‘s If it is desired to reduce interaction stress 
jn the floor to a minimum, it is most easily done by reducing the depth of 


the floor by a proper choice of details and arrangement of framing. p ian 


S ey For very short arches, say, spans up to 50 ft perhaps, the dead load stress 


is relatively small compared to the live load stress for ek coe coiled: arch, 
but such short spans ai are usually constructed more economically with 


7 spandrels. ‘ For arches of perhaps 150 ft, or more, in length, _ the dead load is 


generally ‘more important than the live load. For long- span bridges inter- 


4 action has no effect. on _ the major part of the stress in the arch rib. In this 


connection it is interesting to note what has been written™ concerning the : 
Bas of the George Westinghouse Bridge of 412-ft span length: 
“An nodel study of the main span was made with the Beggs Deformeter 
+ determine the stiffening effect of the superstructure. This study showed — 
that the - negative live load moment at the springing line would not exceed — 


_ 60 per cent of the moment calculated for the bare rib. When this moment is 


reduced to terms of fiber the ‘is only 780 to 730 lb. per 


ay the Raritan River Bridge, in New Brunswick, 
; with a s an length of 202 ft, contains the following comment: eye, 


 eaiBach of the main arch spans consists of three hingeless ribs, 12 ft wide, B 
- designed as free ribs by the application of the elastic theory without taking» ‘7a 
into account the restraining action of the superstructure. The design was — 
_ checked by the use of deformeter gages on a celluloid model, and the agree- 
ment with the analytical method was practically exact. A determination a 
of the stresses in the rib was also made on a complete model of the rib and 
¥ superstructure, and marked reductions in the moments, thrusts and shears - 4 
- were noted due to the stiffening effect of the spandrels and floor. However, | 
since the superstructure was poured after the centering was struck, it does — 


= relieve the rib of any of its dead load stresses. , The braced condition of 


a small of the no 


stresses ina redesign of the rib.” 


even arch may that a decrease in live 


load stress in the rib is to some extent offset by an increase in defamation ae 


“Relation of Analysis to Structural Design,” by Hardy Cross, Transactions, Am. Soc. — 


101 (1936), p. 1363, especially p. 1365 
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- Studies made 0 of arch bridges in Allegheny 


or the extreme considered, the moment due to temperature 
and shrinkage was doubled to indicate the possible effect of additional moment | 


assumed or movement of the supports. This investigation leads to interesting _ 
aa Considering the extreme condition of combined stress, which 
gives an index to the ultimate safety of the rib, it develops that: = 7 


a “(1) The live load stress is a relatively small proportion of the total 
_ ranging from about 15 per cent for spans approximating 400 ft. to about 25 ' . 
_ per cent for short spans. These percentages: apply to shallow ribs, and are 
‘The arch shortening stresses more than 50 per cent of 


the total for deep ribs.” 


The stresses i in the columns cannot be estimated very closely. | The columns — 
are ordinarily n not. designed for moment in any "ease, and usu ally not even 
for direct stress. Their least dimension depends upon their height, and © 
when all the colun are made the same width, this on depends on 
the | height of the longest column. The columns may possibly be consider-— 4 
ably overstressed in flexure d due t interaction. . This is not necessarily 
serious ‘unless the columns are depended upon’ to reduce the stress in the rib. 


a: Various studies made by the writer seem to indicate that the column action — 


the size of the column, is demonstrated in n Figs. 2 and 3. Moreover, even 


= when the columns are so ‘stiff that further increase in their section does not P 
‘attract more moment to them, ‘the column moments are still nents, to 


by variations in the ratio between rib and floor stiffmess;§ 
OF Arcnes WITH: ‘Intecrat Spanpret Structure 


with Flexible Deck—If the ‘Superstruc ture is is very flexible: 4 
wit the rib the interaction stresses, due to movement of the column Pyeng 


is ‘worth while to examine the possibility of reducing interaction 
_ stresses | by detailing the superstructure so that it has a high degree of flex- 
ibility. Jack or spandrel arches and fascia beams may be omitted and @ 
the slabs framing into the floor-beams at each panel may be used to secure 
flexible construction. A structure so designed may possibly be overstressed in 
the deck, but the over-stress will not be serious since the deck is not depended _ 


sce to — load. — Any cracking i in the deck will relieve the stress, but 7 


sted by Hardy -Cross.* The is akin to 


“The Design of Concrete Aste in Allegheny County, Pennsylvania,” by G. 8S. | 
__ Richardson, M. Am. Soc. C, E., Proceedings, Am. Concrete Inst., Vol. XXVII (1932), Dp. 650. 
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OPEN-SPANDREL 
monly used t to  Qetermine seccndary strewes in bridge trusses and is as 
follo lows: For the given condition of loading determine the deflections of 
column points in the arch bridge. pe general, these deflections will be a 
horizontal and a vertical translation and a ‘Fotation. For these given dete 
- tions 4 find the stresses in the superstructure. 2 If the forces at the column base 
are small compared to the loads acting on the arch, no revision is necessary. 
eS If they are are not negligible a revision may be made by computing the addi- — 
_ tional deflection of the arch rib due to these forces and revising the figures. a 
If this revision is large, the method will not work. It may be used, how- 


-Jength will be practically the same in stiffness. The ‘the arch 
the stiffer t will be be the rib. For structures | of short and moderate lengths the i 
- deck, of necessity, will be fairly stiff as compared to ‘the rib. The flexible” 
f deck type of structure will usually be found, therefore, in re spans. 
Flitch ‘Arch. —If it is necessary or seems desirable to make 


floor fairly heavy, it is possible to make use of the flitch- beam concept in 
" _ the design of the | structure, , and d depend on the floor, but not on the columns, 


the designer can “tell the what to. do” with 
that it will act in the v way he designs it. 
a The particular case of a flexible flitch arch with stiffening girder is 
res Several arches of this type have been built in Switzerland, 
Sweden, wi Finland. The Landquart Bridge, in Switzerland, is of this 
~ type, has a polygonal rib about 10 in. deep connected by flexible columns 
toa floor supported by girders approximately 3 ft in depth. | Stresses in this 
“type of structure may be developed directly from the flitch-beam concept by } 
- considering a two-hinged arch rib having the shape of the given rib and a % 


- moment of inertia variation, in which £8 is equal to d= tor the girder. 


_ The analogy ho holds for flexural stresses due to all causes, including rib- short- 
ening. Of course, , all direct stresses are ¢ carried by ¢ the arch rib, including 
direct stress due to ri “shortening and deformations. The secondary flexural 
"stresses in in the rib may be obtained from the - sien that the flexural stress 
. = in the rib is to the interaction flexural stress in the girder approximately as -. 


of the rib i is to the depth of the girder. ‘This type of ange 


fairly flexible. ‘The section on through the saddle n may be considered a: as : 
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flexibility of the deck denends mainly on the panel length. and it is 
— 

3 
— 

— 
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— 
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— 
if 1e structure with a saddle 
— 


n moment of inerti should be out ‘that in sue 


a saddle, even for given moments, shears, and thrusts, cannot be computed 
mneernad by methods of elementary mechanics. Usually, it will not be 


necessary. ‘to compute the stresses since the resistance of the s saddle to flexure 
ofl is very high. If the outside the saddle is quite flexible may » bie con- 
v e section common to ib and deck as a part ‘the 
alone, and neglect any r piliae alee: of the deck. ‘The method of computing 
the participation stress in tk the floor suggested in the preceding section may & 
Bm nr flitch-beam concept applies es also” to the through arch bridge having © 
closely spaced steel hangers supporting the roadway. Where the roadway 
% is. used as a tie, the procedure with slight modifications may still be be used. 
4 ‘Te the tie and the rondwny have no flexural resistance the structure is “an 
‘is ordinarily known as the bowstring | arch, which may be analyzed on 
iently 1 by the usual methods. The secondary flexural stresses in the road- 
way m ma may be approximated a: as shown prev eviously dor structures. 4 
ik There is nothing in the flitch- beam concept requiring that the ssl | 


be symmetrical. --Unsy mmetrical arches may be treated in ‘the same manner 


4 Arch 1 with Stiff ‘Spandrel Columns.—The structure in which 
3 ‘the columns is important is in general, in the hybrid class. ‘There are ceor- 
4 tain exceptions. if the ecienia are quite ‘stiff, and if the rib and floor have 
approximately equal moments of inertia, the structure has certain normal 
characteristics. The ‘corresponding simply supported 1 Vierendeel truss” is a 
normal structure and can readily be designed. For the Vierendeel truss an 
approximate anal ysis preliminary to design may be made by assuming points 


contraflexure in the of all members and also that any 


‘L ‘the moments in ri 
into the fact that te are fixed. It is acted in 


_* nection that the bidlied! structure is hybrid to the same extent that a bare 


general case 2 of the structure with moderately stiff columns, where 

~ the rib = floor are quite different in stiffness, the structure is certainly 

d. It may be possible in certain cases to choose, arbitrarily, propor- 

4 tions which analysis will prove to be fairly satisfactory. In general, however, 
no ) definite rules can be given for the revision of such a design from the 
‘results of an . analy: sis; pte is the stress in such a structure known’ certainly, — 

even ‘given dimens sions, because of the effect of variations in physical 

properties of the different n members. The hybrid | -strue ture, particularly the | 

= structure of this type, may be quite sensitive to varia- 


neglect of these factors 

of interaction in the design. 
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Tours AND Oruer Types 01 oF AnmicuLanion 


a and hinges, rollers, and sliding joints in the columns, affects principally 
“ columns. As far as the rib is s concerned, due to articulation of the 
deck, the dead load stress is unaffected, the decrease in live load stress over — 
“that fo for the plain rib is less, and the increase in temperature stress 3 at 
- the springing over that for the bare rib is less, than for the structure without ' 
articulation. In the floor both the interaction live load stress and the tem- — 
perature stress are decreased by articulation of the floor, but in the — 
of the live load stress the decrease is not appreciable | several panels away 
Live load stresses in the columns are not always « decreased by expansion . 
joints in the floor. The expansion joint tends to localize the rib deformation, p* 
| as a consequence, neighboring columns may ‘suffer. Temperature 
in the columns are probably reduced in all cases by expansion joints 
of the decreased | stiffness of the e1 entire structure. 


i _ is more effective in reducing the column moments, but the details of wih 


“articulations usually become quite troublesome. ome hie 


¥ The ‘most important points to be emphasized in this paper may be sum- 


@tT effect of interaction o on the total stress for an arch 
must be designed is ‘normally quite small. ‘The ordinary method of 
designing arch structures neglecting interaction is sound, in general, since 
_ structures so ‘designed have apparently giv en good | service. 
(2) The significance of over- ~stress in the superstructure depends a. 
Liusoe as deck is counted upon to assist the rib in . carrying the load. It 
_— be possible to obtain greater economy by detailing floor and columns to _ - 
reduce their rigidity, and hence their interaction stress, than 
ry superstructure to assist the rib. The conclusion that the deck always 
_ strengthens: the rib must not be drawn too hastily. _ The possibility of a 
gor cracking the « deck and ‘destroying ying part of the interaction must be rv 
‘sidered. _ Furthermore, stresses due to ‘temperature e and movements of founds- 
tions are high i in the integral structure. 
Certain limiting cases of the arch with integral spandrel structure 
4 nor al,” and can be "designed directly, but ‘practically all such structures 
of the proportions usually built. are hybrid, and cannot be designed for “ 
given working stresses by the traditional procedure of repea ated analysis and 
(4) An arch with a comparatively heavy rib and flexible columns and deck — 
upporting relatively light live loads is a normal structure » with pa participation 


stress in deck and columns added to the normal stress in these member members 


due to in ‘the | continuous dock 
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Another “normal” type is structure consisting of flexible 


a stiffening girder. There will be flexural participation stress” in the 
Bb,’ in addition to the normal stress due to the direct thrust in the rib. ‘ha 
(6) A third type of ‘structure having “normal” ck characteristics in certain 


OPEN- -SPANDREL CONORETE A ‘ARCHES 


“< cases may be described as an n arched Vierendeel truss. ‘This structure must 
have uite rigid columns, and floor and rib of approximately ure stiffness, 
q g 

= corresponding simply supported Vierendeel truss would be “normal, 


but fixing the supports introduces complications. In this connection, it is 
important to note that the fixed arch rib has hybrid | characteristics, for —— 


Other “normal” arch structures may be secured in ‘Various ways by 


8282 


In special cases applying to certain arch structures which have 
hybrid ¢ characteristics s the controlling relations are comparatively clear. The 


ac 
_— fliteh- beam concept applying to the structure with flexible — a con- 

kn 

value and leads to a definite design ‘procedure. a 

_ (9) For the general case where the columns must be of Pode sti. ne 

the structure is clearly hybrid, and there seems to be: no convenient way ex 

of estimating in advance whether it cs can act as it is assumed to act in 3 us 

analysis. of the traditional procedure of successive analysis in 

s 5 (usually by m means of a model) and design does not appear to be v very ery promis: on 


4 


pe sor / Such a procedure might easily be misleading, particularly where a 


4 re-design is based on an analysis which is not repeated for the new design. 


— It is open to question whether a better structure is obtained by such a pro 


cr. 
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between arch superstructure in concrete author fails to 
include the arch-barrel type, often | used in practice. The rib being a special 
ease of the barrel, it is obvious that | a general ‘theory on the subject should © 


quantities of the barrel a as well as ‘the super- 

structure ‘in space, can be oe into tv two independent planar groups. hae 


a In the first group, th 

acting in the longitudinal plane of symmetry, whereas, in 4 the second group, : 

. they are functions of moments and forces acting ou outside this plane. ' The proof — 

% of this theorem which reduces the space problem into a planar one has been 
given by Fr. Engesser™ and lat later * utilized by WwW. Schachenmeier in in the > analy- 

, sis of arch bridges" in which ‘the action of the superstructure is . taken into 


¥ account”. In this elaborate analysis (the first of its kind as i far as the writer ‘ 


knows), Schachenmeier investigates the complicated | structure by choosing as 
a base system the fixed arch rib without deck. The analysis is complete all 
difficult to ap ply, although the | numerical work would be to 


important contributions pertaining to the analysis of arched | bridges. It does 
not constitute a criticism of the author’s meritorious efforts to clarify the 


between rib and superstructure in arch bridges. 


Frank M. Banos; *6 Esq. (by letter)—A contribution to engineering litera-— 
“tare which attempts © to present and use a a designer's viewpoint is to be ‘Nor 
readers may fail to > grasp intrinsic of Mr. New- 


Gea The aim of this discussion is merely to call attention to these two 


methods of and "sight is being lost of every engineer’ of a 
successful design. The interpretation of analyses and tests, and the signifi- 
E cance of factors governing a design - usually more important than the 


means of obtaining the required data. 


_ A designer usually wants two types of answers to a problem—qualitative 

and quantitative. A qualitative study of the probable action of a structure 

will generally lead to the quickest estimate of the quantities required. — A 

4 quantitative study gives only a quantitative answer, and does not lead into 


2 possibilities of structural control, unless one is to carry it to limits of com- 
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certainly as valuable as his conclusions. It is an = 4 
yields £ fo his conclusions. It is an approach of this kind 
s fruitful information t ineer — 
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eber mehrfache elastische Gewdlbe,” von Wilhelm Schachenmeier, Leipzi = ‘ 
Asst. Research Engr., Chica ‘ier, Leipzig, 910. 
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BARON ON OPEN-s SPANDREL CONCRETE ARCHES ‘ 

‘parative analysis. - Analysis ¢ of any kind involves some assumptions, and, as a 
"result, judgment must be trained as to the interpretation of the resulting 
vs data. 7 One of the greatest follies in thinking is the acceptance of analytical 

4 results without properly weighing the assumptions and the probable action — 

7 4 of the structure involved. This is where the true worth of the author’s paper My 


is distinguished. . The he method of attack is applicable not only to to arches, but | 
also to any type of continuous frame. ites 


In relating the action of an arch in terms of the classification of indeter- 
minate structures presented in 1935 by Hardy Cross, Am. Soe. ©. 
the a author has presented his viewpoints on arch action analogically. Exhaus- 7 

tive research was involved, | , aS one can see that the necessary data must have 

gathered through | the | analysis and compilation of the experiences of 

various engineers before any interpretation of results was possible. 

In considering the significance of over- -stress, _the author makes a dis- 

‘ tinction betw ween stresses d depended on to ‘ ‘carry the load” and participation 


stresses. It stands to “reason participation and deformation stresses 


a 


_ should be discounted if they do not impair a member from carrying the load, 


a 0 or are of localized nature. Ins several cases the author seems to have attached 
§ too much importance to over-stress due to participation action. Such over- 
} stress does not necessarily mean that a structure will fail. Consider the case 
_ of over-stress in the column sections, for example. What if the over-stress due 
- to interaction is so great that the column section should crack? The member 
may crack, but then the structure would not fall, as the columns would still 
op perform their primary purpose of supporting ¢ the deck, and transmitting the 
deck loads to the rib. If cracking is siannaneed as a failure, then some means 
of articulation may be adopted at times to prevent it. 
“a It is true that, if the column is relied upon to help the rib, and the e column 
- should crack, it might prove disastrous to the rib; but this raises the « ques- 
tion as to whether one would try to reduce the rib section in an attempt oe. 
obtain a more economical design due to participation stress. 
few figures can be attached to the relative costs of the elements of the struc- 
ture to show the futility of this choice”. In some cases, the deck is probably 
thee nly element that might justify consideration of interaction help from the | 


7 7 As to the matter of change i in the sign of the moment at the end of the tern 


7 due t to interaction effect, the author has | lost sight of a point that needs further 
_ emphasis. ‘It is the importance of dead load and live load ratio upon the con- § 
_ sideration of this effect. Then, also, is this the stress that governs the depth 


~ or cross-section of the deck? ‘It may be important at times only from consid- 


of th the proper placing of steel. 


: ‘The selection of the type of arch and the importance o! of interaction effect — 
must also be made from the standpoint of dead load and live load ratio. A 
arch i is usually a dead load structure, and may be be shaped that 


the pressure line follows the arch axis for dead load. Interaction would not 


be important in this case, as the ratio of dead load to live load is usually — 


~~ 7 “Continuous Frames of Reinforced Concrete,” by Hardy Cross and N. D. Morgan, 
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EREMIN ON OPEN-SPANDREL CONCRETE ARCHES 
the case of a short-s -span, open-spandrel arch, live load may predomi-— 
‘ nate, and participation becomes a problem. I It is preferable to have a high — 

7 “dead load ratio, and the 1e selection of a filled spandrel arch might be the answer, a 
_ provided other factors remain equal. In the medium span arch then, — 
_— is where the problem of interaction must usually be decided. Bes 
‘The flitch-beam concept is outstanding in the possibilities that it affords — 


‘ a designer. aL Through its use, the engineer is _ to predict the degrees of 


The effect of one member upon another may be studied, and a choice 
"made as to the final structure desired. Instead of having the moment 


‘wag the structure, proper selection of ratios 


” the moment curve. > Structures try to do 1 what the a 


“Weenie safety factors. If interaction effect is depended upon to a 
- the rib, then a much lower safety factor would result, and probably forbid the Fs 
‘use of a smaller rib section. In considering pa participation stress in the column, 
_ the writer believes the difference in total safety factor would be so slight that 
a ‘designer may easily neglect interaction The difference involved in the 
deck would depend entirely upon the ratio ‘of dead load to live load, as well 
as the judgment upon the discounting of participation stresses, = 
om Remarks. —T he paper is one of the few in which the arch is 
7 considered as a whole structure. - Judging by the time spent in the analysis 
‘ and design of the rib, many designers seem inclined to assume that this is 
the only part of an arch, whereas | the rib usually has the smallest effect on the _ 
total cost of the structure. ¥ The | paper is further enlightening upon the need P 
‘2 interpretation as applied to results and data obtained in the field of 


A. Eremin,”* Assoc. M. Am. Soc. E. letter). interesting 
study of the interaction stresses in . the rib and superstructure of concrete 
arch bridges is presented in this paper. However, for conclusive results 
the arch bridges shown in Fig. 1 seem to have spans that are too short. rf 
theoretical experimental study should be extended to arch bridges 

with larger sp ‘spans and a greater ‘number of | panels, = * practice, it is 


, the refers to 
temperature strains instead of as it seems he 
teak have done. Apparently, temperature stresses in the deck may be 


8 Agsoe. Bridge Designing Engr., Div. of Highways, State Dept. of Publie Works, 
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ON 
order as” these inthe arch only if the relative stiffness»of 
rib, spandrel colums, and the spandrel girders in the arch bridge are approxi- 


‘mately the « same and the bridge can be considered as a Vierendeel arched 
‘The author's statement (see heading “Treatment the Arch with 
 Superstructure as as a Flitch- Beam’’) that the stresses” “due to interaction 
_ flexure in the girder is to the flexural streas in the rib approximately as 
the depth of the girder is to the depth of the rib”, needs clearer interpreta-— 
tion. Theoretical ‘and experimental studies available at present are 


sufficient to support it. It seems evident that the relative stiffness of the 


_ straight spandrel girders and the arched rib cannot be compared in terms 

of a depth ratio only, without reference to the ratio. of the arch rib- 
vise to the span length. _ For complete study of such interaction the 

analysis | of stresses” and a comprehensive inspection of existing arch bridges 
‘The interaction stresses i in open- -spandrel arch bridges vary with: 
$< (1) The ratio . of the live load to the dead load considered in the bridge; (2) 

the ratio of the arch rib rise to its span length; (3) the height of the 3 
 spandrel columns the crown of f the arch ril rib ; and (4) the degree of 

restraint imposed to avoid variations in the span of the arch. 
In long-span arch bridges the live load stresses are generally ‘small as 

compared with dead load ‘stresses. Therefore, the former have a 4 

effect on "displacements the ‘spandrel girders and ribs. In the 
~ Plougastel (arch) Bridge, in France”, with a span length of 611.39 ft, a 

tigid double- deck, reinforced concrete spandrel truss was used. 
Fons only two expansion joints, 116.28 ft from the center of the span. 
Evidently, the effect of the live load and temperature deformations 


arch rib on the stresses in the spandrel trusses was negligible. 
arch bridges with shorter the ratio of live stresses to 
a dead load stresses in ribs is larger. Therefore, | the effect | on _ stresses in the # 
superstructure, of displacements in the produced by live load and 
7 temperature stresses, is greater. Various pedies have been used to reduce 
the participating stresses in superstructures. In the Broakpark (arch) Via- 
at Cleveland, Ohio,” with a “span length of 192 ft 3 in. center 
to center of piers, a flexible roadway deck alab served this purpose, whereas 
in the Wandau Enns (arch) ‘Bridge, in Germany,” with a span length of 

249. 06. ft, expansion joints were ‘provided at each spandrel column, 
As the ‘Span length is further more > difficulties are 


case of a flexible roadway ox 
slab, with _ overhanging ends cut by expansion joints, is that of the arch 
bridge ne near r Donner Lake, in California. This structure has span of 
> 110 ft, divided into eleven spandrel panels. The roadway deck is on a 


Le Genie Civil, October, 1930, p. 317. 
Engineering News- “Record, October 11, 1934, p. 467. 


7 3 Beton und Eisen, March 5, 1931, p. ; 


7s nyineering News- Record, March 4, 1926, p. ‘os 
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EREMIN ON OPEN-SPANDREL CONCRETE ARCHES 
7% and the center line of the roadway i 
ft. Nevertheless, the slab is in excellent and ‘no 


In conerete arch bridges of short span lengths, and with heavy rail- 

road loading, the ratio of live load stresses to dead load stresses in 

ribs” is large. Therefore, it is “practically impossible - to make the deck slab 

P sufficiently flexible. In such structures, rigidity is generally governed, not by — 

| eee ribs but by the spandrel girders and spandrel columns. — . Ribs are made 

- flexible enough to reduce the participating stresses in the connecting spandrel 

.. columns. A fine illustration of this type of bridge is the Voltschiel (arch) 

Bridge, near Andeer, in ‘Switzerland, °° in which the rigidity of the span- 

-drel columns w was increased by constructing massive abutment piers founded 

on rock. It is more difficult to provide sufficient rigidity in the spandrel | 

columns in arch bridges with high abutment piers. _ Generally, in this case, 

the spandrel girders are rigidly connected to arch ribs at the crown similar 8 
to that used in the Landquart (arch) Bridge, at Klosters, Switzerland. rs 7 
_ Of course, the tractive forces in this case are thrown in the arch and pro- 

duce unsymmetrical stresses | in n the ribs. Lateral forces should be included 

_ among the principal sources of stress indicated by the author. The major 
lateral forces in arch bridges are generally produced by wind pressures: which ; 
are negligible only in arch bridges with short spans. _ They cannot safely 7 

be neglected in arch bridges with large spans. The difficulty of analyzing >> 
interaction stresses when the spandrel girders are rigid, when the columns ~ 
must resist combined forces in the plane of the rib, and when the struc- 

ture is subjected to lateral forces, is a serious one. The stresses in the a 

can be | determined more readily if the spandrel girders are 
by expansion joints. The lateral forces from the spandrel girders are then — 

%. transmitted immediately to the arch ribs and the lateral stresses in the 

tibs can computed by a simple method presented by the writer else- 

a where. ae arch bridges with continuous, rigid, spandrel girders and 
columns, the lateral stresses are carried to the high abutment piers ‘sand p* 
this design ‘could scarcely be considered ‘the most economical one. 

~The following tentative pe be of this a 

3 (1) Open-spandrel arch bildioes’ with spans greater than 120 die 

be designed with a flexible roadway deck slab, or the spandrel [tell : 


should have expansion joints. | 
(2) Rigid spandrel girders and columns may prove the ‘most 
for arch bridges with spans less than 120 ft. (If the structure is to be 
designed for railroad loading the span may be increased t to 200 ft); and, eo 
(3) Tf it is anticipated that foundations may settle or that elastic piers” 
may be otherwise displaced enough to change the span length, spandrel 
tere and the arch rib. should each have approximately the same degree of 

- rigidity, for the most economic design. . In such a case the structure will be — 


the same as that generally called the Vierendeel arched truss. siseiiatiediates”. 


4 


_ ® Engineering News-Record, January 11, 1934, p. 44. be 
Transactions, Am. Soc. C. E., Vol. 102 (1937), p. 324. 
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GROSS ON OPEN- ‘SPANDREL CONCRETE 
_ 
‘Harpy Cross,? 5 M. Am. Soo. letter). —This paper is worth 
study by those interested in interaction of rib and deck, a phase of arch q 
; design that in recent ; years has as attracted : some ‘attention, especially in con- 
nection with the work of the Special Committee on Concrete and Reinforced 
_ Conerete Arches.” The paper raises the question as to whether analysis which 
includes the effect of the deck: structure is really worth while. The Com. 
_ mittee recommended that such analyses be made, but failed to indicate in 
any: way what was to be done with them. Whether they should be made 
certainly depends largely on the relative importance of live load, dead — 
7 load, and temperature distortions as affecting the total stress. Usually 
- the ribbed arch of concrete is chiefly a dead load structure; the live load 3 
effect has become relatively important only with modern loading. Inter- 
_ action is chiefly important in short spans because live load stresses may 
be relatively greater and also because there is more | pronounced interaction. 
Dead load stresses are primarily compressive; live load stresses are chiefly 
flexural. the live load stress becomes important it is much more v useful. 
to ask how this flexure should be provided for than merely to analyze 
design more or less arbitrarily chosen. 
Assuming that an analysis is to be made, the question is, then, whether — 
will furnish a satisfactory guide as to. what should be done to improve 
the design. Thus, if over-stress is indicated in the columns, the ques- 
tion at once arises whether it would be wiser to make the | columns: larger, 
or to ‘make them smaller; either answer may be satisfactory — in some cases. 
_ Similarly, over- stress in the deck may indicate either that the deck should 
be made stronger or possibly that it should be made more shallow. In 
general, any hope of real improvement of design will depend a great deal 
on whether or not the designer can foresee clearly some simple way in 
which a structure is_ to carry its load; complicated analyses, unless inter- 
preted very judiciously, rarely lead to simple pictures of structural action. 
‘This paper does furnish some simple pictures helpful to the designer, 
‘The paper has value in drawing attention to types of open-spandrel arches 
- designed to resist flexure in other ways than in the rib alone. It is pos- 
4 = sible to carry all flexure in the deck, that in the rib producing participation — 
stress; it is possible (and be desirable) to -earry the flexure 
partly in the deck and partly in the rib. The paper makes clear that any 


—— 


upon the relative depths. Structures: ‘designed for resistance in the: 
3 deck have been used on the continent of Europe; they are worth some study. 
‘It may be worth while 1 to analyze s such structures in the hope of pre 
P dicting the type of interaction that can be secured, assuming that “such 
_ interaction is desirable, or it may be worth while to analyze to determine 
_ whether, for a ‘More or less arbitrarily assumed layout, interaction is 
dangerous. There does” not seem to be now any satisfactory way of tell- 
ing from the analysis whether the condition is really dangerous. Mere 
of stress alone do indicate the degree of any more 


Prof. of Civ. Eng., Yale Univ.. New Haven, Conn. 
_™ Transactions, Am. Soc. C. E., Vol. 100 (1935), p. 1427. pas 


— 


© 


4 


2 


4 

4 

a 

2 

i 

| 

4 

2 

| 

al 

— 

— 


 NEWMARK OPEN- -SPANDREL CONCRETE ARCHE 7 


Thus, as Mr. Newmark points out, over-stress in er due to ‘asia: 


ing flexure does not very seriously threaten the safety of of ‘the column and 


4 


does not threaten at all the safety of the arched structure as a whole. 


Saab The writer is gratified to see a paper which diverts attention from alge- 


. Soc. C. E. (by letter).—The com- 


braic manipulation to a consideration of the objectives of such manipulation. - 


M. Newmarx,*? Assoc. M. A 
ments and criticism offered in the yom of ‘the paper are appreciated, 7 
Many of the points raised are of great interest. 
Attention is called by Mr. Floris to methods of analysis for the arch 
with writer parpenly did not discuss at any length 
the matter of analytical “Procedures. The paper v with | the 


in Mr. Baron and Cross have stated the n main point, namely, 
‘it is necessary to decide what the structure can be made to do, qualitatively, a 
before any detailed quantitative study can ‘profitably be e undertaken. f 

If the rib provides all the necessary flexural resistance to live load, as 
_ is usually the > case, over-stress in the deck due to participation in the acti 

of the rib may | be no more serious than over-stress due to stress 


‘than to a ‘attempt to ‘elite. ‘the stress in and increase a 
size and stiffness to provide for indicated over-stress. Such a procedure may 
make matters worse unless the designer knows s qualitatively what the effect 

of his revisions will be on the structure. 

On the other hand, if the superstructure is counted on to provide 
flexural ‘Tesistance, over-stress in the deck and columns may be serious. rue 

a In certain cases where the controlling 1 relations are relatively clear, it 
‘is possible to foretell the action of the structure. The flitch-beam con- — 
“cept enables one to. provide a proper division of flexural ce be- 

“tween rib and deck by choice of their depths. dix pidia, 
‘The writer agrees with Mr. Eremin that the structures in Fig. 1 are .Y 

short to be representative of arch bridges in general. However, the = 
results obtained from analyses of ‘these structures showed essentially the 
_ same characteristics as the results of analyses of nine-panel arches similar — 

to those tested by Professor W: ilson,*® influence lines for one of which are 
shown in Fig. 4 With the shorter structures it was possible to study 

greater number of | variables. The results were not intended to be used 
quantitatively in any ease. 


whether analytical or iinet ‘tests, have little statistical value when the 


number of variables involved is large. 


es Reference to ‘temperature and deformation strains, instead of stresses, 


_ was made purposely. — _A temperature change or a change in span requires 
a corresponding change in length of the elements of the structure, and a 
causes a distortion of the arch rib. This distortion must take place, al- — 

- though it can be localized, or it can be distributed by the details of the ios 


a structure. The stiffer the structure and the higher the modulus of elas- 7 


| : ticity of the material, the greater will be the stresses , corresponding to the 
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of stresses, serves to “ti this point in mind. Moreover, “~ temperature 
rain is particularly significant in any consideration of ultimate strength 
; -" of the structure. When combined with high stresses due to loading, the 
additional strain due to temperature effects and other fixed deformations 
accounts for only a small increase in stress on account of the nature of the 
_ It does not seem necessary to’ enter into a ‘a detailed presentation of the 
implications of the flitch- -beam concept regarding the effect of relative — 
depth on relative stress of two members so © connected as to have the same. 
deflection curve. If the floor and the rib of an arch bridge are connected — 
_ by closely spaced flexible columns, it is evident that they will have the a 
deflection curves, and “consequently ‘the same angular changes per unit 
length along the Therefore they will have unit flexural strains, 


approximately true for loads at ‘te points. "When the columns 
not flexible, there may be local of the more flexible 


‘interaction. 

arch rib. The writer’s ttatement: stress flexure 
in the girder is to the flexural stress in the rib approximately as the depth i 
wi of the girder is to the depth of the rib,” is an- attempt to interpret in in a 


simple manner the behavior of the structure. The less stiff the columns, 
and the shorter the panel length, the more nearly true will the approxi- — 
nation be. The rise ratio of the arch is not involved in the development 


The Landquart Bridge at Kl <losters to by Mr. 


-Eremin, was mentioned in the paper | as an-example of the structure eon: 
sisting of a flexible rib with stiffening girder supported by flexible columns. 
Practically all the flexural resistance in this case is centered in the floor. 
The arch rib is polygonal in shape and carries the | dead load thrust. The 
rib has actually participation flexural stresses approximately one-fourth 
the interaction flexural stress in the floor since the —_ of the rib is about 

10 in. and that of the floor is about 3 ft. 
_ Mr. Eremin has stated some of the variables on which the interaction 
ss stresses depend. One might add other variables having to deal with: (1) 

<4 The sources of stress (including the dead load —live ratio, lateral 
— forces, shrinkage, and temperature); (2) sizes of the members; (3) shape of | 
structure ; (4) properties | of the material, and variations in properti¢ 


4 


and (5) conditions of support. It is evident that ‘ the problem is not a 
simple one. For this reason, the writer attempted to develop simplified 

pictures ” of the action of the structure rather than to indicate how an 
exact analysis" might be “made or to report statistical results” of analyses or or 

_ tests. Professor Cross has indicated how such ‘ “pictures ” of structural 
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SYNOPSIS 


Formulas” are developed in this paper for determining the economic 
diameter of steel penstocks for hydro- electric power plants and pumping plants 
_ based on a minimum total annual cost. The formulas developed differ from 


(a) The formula for flow of water in steel. and analogous 


A loss factor to care of the effect of load 
Ls and the shape | of the load curve scniaaal which ‘the power or pumping plant | or 
Bf The he economic diameter of a penstock for a certain large power develop- 
ment as ‘computed by formulas developed in this paper shows a difference a 
nly 3. 25% a as compared to the diameter determined from detailed studies. apt 0 


tank, and the ‘ be the pipe between the 
tank and the turbines. Other writers use term, “penstock”, as applying 


ing to for other water- power poy as wat 


— 
‘The latter distinction between the terms, “ “pipe line” and ‘ “pensteck”, 
implied herein, since the formulas are. equally applicable to pipe 
forebay to surge tank, as from surge tank to turbines. 
.—Published in November, 1936, Proceedings, 


Hydro- Elec. Engr., U. 8. Burcae of ‘Reclamation, Denver, Colo. Voe died on 
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DIAMET OF STEEL | 
| 


Notation. —The algebraic symbols used en this paper are defined where they 


are first introduced in the text, _and are arranged for convenience of refer. 
ence in the Appendix. _ Essentially, they conform to the American Tentative — 


Standard Symbols for Hydraulics* compiled by a committee of the Ameri- _ 


ean Standards Association, with Society representation, and approved by “ 


ANNUAL Cost oF Power Lo Lost IN Friction 

In 1930, Fred C. Scobey, M. Am. Soe. E., introduced a formula’ f 
head lost i in friction, h;, per 1000 ft of steel pipe, as follows: 


Vix the hele of water in the penstock, in feet per second, tien, daca 
ma to Q, the rate of discharge expressed ; in cubic feet per second; and D = the 
economic inside diameter of the penstock, in feet. Substituting for V 
equivalent, , and simplifying, Equation (1) becomes: 


feet, to in a 1 ft tag 


asia _ The annual loss. of power, in kilowatt- ‘hours, at a load oad factor, F, per fo foot 


in which e = = the over-all efficiency of the plant. to the point at Ww hich power %3 


sold (in the case of a power plant), or to the point at which power is pur- = 


7 chased (in the case of a pumping plant); and tenn =e loss factor, expressed 


maximum load). 


wll 
of, 
The cost of lost p power, , therefore, may be expressed as: 


b 


. 


Pa b= 
La 


cost of the lost power due to friction in 


1 ft long; ele b = the value of the power lost by friction and other hydraulic 
factors expressed in dollars rs per kilowatt-hour,. 


 _#“The Flow of Water in Riveted Steel and Analogous Pipes”, by Fred C. Scobey, 
| Technical Bulletin No. 150, U. 8. ‘Dept. of Agriculture, January, 1930, Equation (9). 
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ANNUAL Cost oF A Penstock 


pression may be written 7 


in which sy = the gross allowable. in the steel in pounds per 
square inch; and e; = the efficiency of the joints of the penstock, expressed _ 7 
a of a i ft Wy, j in is: 


in which w = the weight of 1 cu ft of anal (= 490 lb); and i = the percent- ; 
age by which the steel i in the penstock i is over-weight, due to laps, cover-plates, 
rivets, welds, -ete., expressed as a decimal. Substituting Equation (6) in 
Equation (7) “(with w = 490), and simplifying: 


The 


annual cost, of a 1-ft of 


334 H (1 + ¢) 


ar= 


the of the annual fixed, operating and charges 


Eco AMETER ALYSES 


of a a ft section of is the | sum E and (9). To 
the economic waite out: this equate the first 
17631 Ke 


tion foe D, and simplifying: 


ALiUE | 


K, 


ECONOMIC DIAMETER OF STEEL PENSTOCKS — 
ey — 
wi _ If a penstock is operating under a head, H, an ex — 
for t e thickness of the steel’, f, as follows: ~ 
ts — 
4 

ofl 
— 
| 

— 
Solvin 
*“Water Power Engineering”, by H. K. Barrows, M. Am. Soc. C. B., McGraw-Hill 


te 
Other Than Those . Dos’ to Friction. losses, 
ep other than those d due to friction, which vary approximately as a ratio ) of 
the velocity. head corresponding to the velocity in the penstock, defined 


which K the sum of all cons for hydra ulic losses, 


is a constant ruled by entrance losses; is a constant to take 
care of all other hydraulic losses that vary as a ratio of the velocity head; 
key i is a constant expressing , the additional head oa due to the introduction of 4 
8 bend in an — ise straight penstock (usual approximate value = = 0.25); 
ky VE: and, A = the angle of bend, in degrees. 


soit there is more hon one bend in the pipe line under + consideration, K» will 
be the total of the values for all bends. The loss, he, at the entrance to a 


— 

Assuming a penstock of uniform diameter, with | of , the 


4 


2 (0.7854)* g Dt =. 

a Substituting J Equation (16) in satiate (3), Pr for Pr and simplifying, 

the annual power loss, i in kilowatt- hours, at the load factor, F’, due to hydraulic 


and, consequently, the cost of power loss, Ep, due to hydraulic factors 
other than friction (compare ‘Equation will will be: 
‘al Considering Friction Loss, Other Hydraulic Losses, and Annual Cost of | 
_ Penstock.- —For this case it will be necessary to determine | all hydraulic losses, 
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RCONOMIC DIAMETER OF STEEL PENSTOOKS 
including those due to friction, and the annual cost, Ep, of he entire penstock 
of length, L, in feet. The annual cost of the friction loss per foot of pen-— 
stock is expressed by Equation (5). the length of penstock used 
computing friction loss be Ly, and itn: annual cost of friction loss in the entire _ 


a Secuiin: the annual cost of steel per per foot of penstock is expressed by 
_ Equation (9). Let the length of penstock used for computing total weight 


be Ly and the annual cost of the steel in the line will be: ie mee 
334 HH Dearly a+) 


an! The total annual cos cost, Ei, of the entire e penstock will be the sum of Equa- 
tions (18), » (19), and (20), or: | 
Ey = By + Bip. (21) 


(22), let, 


Then, substituting and. for B, Equati 


+ 


in which x and y are different exponents o Because of i difference, — 


& 


Ived directly ; but | since the difference betweer 
4 


is only 13%, it is p ible to assume that =%s tat —J(G@+M)_ 


atone 


of 
13) 
of d 

— 
“eg 
— 
a 
rad 
— 

the 
16) 

form: — 

ors 
18) 
then — 


ting 9, ‘Equation (25) can be written as: cod 


¢ "approximately, or, in in terms of all the fundamental factors involved : pet 


6.9 
and, for greater accuracy, Equation (24) (with x =6 9 and y = 6.0) ca can be | 
solved for D by a trial-and-error method. 


“a Considering | Thickness of Shell. —In | some instances, the thickness of 7 


a shell or of the plates of a penstock ¥ will be given instead of the head. As 
before the annual cost of a 1- ft length of penstock is 
= Wia Substituting the value of from Ec Equation | 


of a length, Ly, is: 
Equat ion (28) in (29) and finding the of Ey 


vy — 198.25 282 a Ty (1+ = 
in which Bis a substitution factor. Equation (22), 


tion for the term, 008 H Dar Ly (1+ i), , 80 that B in Equation 


— , and, 


on: =y= 9 as before, and if the: for G M, and 
it B’ are | substituted logically, Equation (31) may be solved for D ina _— 


similar to Equation (26): 


wig 


d ‘approximately, « or, in terms of all the fundamental factors 


| ef b (5.76392 K, Ly + 7482876 Kr 
~ 
22 tarL, + 2) 


— 
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wecel in order to apply Equation (32) to a , practionl design, compute the con- <— 
stants, J, G, and 4M, and determine the economical ‘diameter for different 
values of in (see Equation (30)).. With ¢ and D known the permissible 
head may be computed from Equation (6) and this value determines the eco- _ 
diameter at each station on the line where the head corresponds to the 

values of ¢ and D. As in the case of Equation (24) , Equation (31) (with 
2=69 and y = 6.0) can be solved for D with greater accuracy by ‘trial 


t the errors” in the values of D computed from 
(26) and M=05G and M = G, will not exceed —0.528% 
and — compared to ) the accurate solution of those equa- 
“tions. = 1 ft, the equations 


2 


‘Table 1 the effect of v varying the values of the under 
the radical signs of Equations (11), (26), and (32). It shows that a con- | 
4 "siderable change in the individual values ‘of the constants in the equations 
is necessary in order to affect the diameter : appreciably. om change in the > 
- discharge is much more noticeable. Hence, extreme accuracy is not essential 
any particular study, except: that the discharge should be estimated as 


int ABLE 1— VALUES OF Economic DiawereR 


Relative value of | ‘Diameter, Relative valueof | Diameter, D 
entire expression entire expression 
under radical $6 Computed by | Computed by od under | Computed by by 
sign, Equations Equations Equation n, Equatio’ Equations | Equation 


0.818 0.791 1.06 1.071 
0.952 


an In 1934, detailed studies were made of a large power development to gi 4 


determine the economic diameter of the penstocks. Subsequently, formulas 
were developed as outlined herein, , using the same general principles as in the } 7 
detailed studies, For convenience of comparison, the methods used in deter- 
mining the economic diameter for this development are designated as A, B, b 
and C. The same basic data were used in all three methods, lew cd canst. 
rf pile In Method A the annual cost of friction losses and of the penstock steel 
was considered. The annual cost of the entire length of penstock, and bend 7 


and entrance losses, in addition the friction losses, was: considered in 
= 


— 
val 
| 
21) * 
im 
the — 
As | 
— 
29) 
ai 
— 
jua- 
(24) — 
— 
and 
ner 
(33) 
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DIAMETER OF STEEL 
Method B in Method C, a a detailed study was made of the e economic 
_ diameter of the penstock. Included in the latter were the annual costs of the § 
-penstock, ee bend, and entrance losses as in “Method Ba and, in addition, 4 


4 


ize 
e 
the penstock, | on minimum annual cost wend the Diameter- 


three are summarized in Table 2. 


TABLE E 2.—C OMPARISON OF to DETERMINE “CONO 


Diameter annual 


ne 


J 


a For this particular ar development, t the bend losses formed a large Propor- 
tion of the total losses. Hence, since bend losses ar are neglected entirely in 

4 Method A, it can be readily seen that the value of D, computed by Method B, . 
should be larger than when computed by Method A. th the same way, 

Method C includes other losses in addition to those of Method B, and hence By ¥ 

by Method C, is than by Method Another factor that be con- 


‘accurate solution give a higher value for D. (5), 
_ Table 2, shows the percentage errors in total annual cost of Methods A and B- 
_ compared to Method C. _ The values of total annual cost, used to determine 
the percentage | errors, read from the Diameter- Total Annual Cost Curve 


for diameters corresponding to the three methods. — 
h it 


=) 


cost of lost power justifies s additional expenditure or a larger 
Use of Pormalas.—The date for the illustrative example are, as follows: 
—Q = 400 cu ft per : sec; e = 0.75; Ke = 0.401; Ke = 0.05; ky = 0.25; 
a = 25°99; Ke = Ke + Ky = 0.05 + 0.1342 = 0. ky 100 ft; 
b= 130 ft; A = 180 ft; a= = $0.10 per Ib; r = 0.17; sg = 12.000 lb per sq in.; a 
= 0.90; =0. 20; f = 0.25; and b = $0.007 per kw-hr. 
entire length of the penstock, and the bend and entrance » Jones, 
addition to the friction losses, will be in the by Equ 


Substituting the foregoing values in “Equations simplifying, 


‘J = 13.14 x 10%; @ = 1058 x 10°; M = 88.3 x 10°; and, B = 16.4. Then, 


4 from Equation (26), D= ‘fs Say, 7 ft 4 in. vos 
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“ECONOMIC DIAMETER OF STEEL 


Scobey formula (Equation (1)) was selected because it was the most 
guthoritative and “newest available. Mr. Seobey deduced it after an 

extensive series of tests and a complete review and analysis of previous investi- P 

4 gations. - Among other factors, he allowed for the kinematic viscosity of 

water at 15° C (59° F), and for Reynolds’ number. He also recommended 
proper coefficients for use in his formula, based on various classes of pipes 7 
and joints and s ages of pipe, the coefficients being constant throughout the the 


Orwer Formutas ror DIAMETER OF Penstocss 
Other formulas have been introduced by M. L. Enger’, and H. K. Barrows’, 


Members, Am. Soc. C. E., G. E. Lyon’, Assoc. M. Am. Soe. C. E., and 
by Messrs. R. L. Daugherty’, R. M. Peabody’, B. F. Jakobsen”, and 
‘The Enger formula, as modified somewhat by W. P. Creager and J. D.— 
- Justin”, Members, Am. Soc. C. E., is quite similar to Equation (33) except | 
4 "that the they used the Chezy formula for friction loss. Professor Barrows gives — 


a formula similar to Equation (11) except that he used the Weisbach forarle 
: for friction and assumed a value of efficiency, e, equal to 1.0. H. L. Doo- 


little, M. , Am. Soe. C. E., outlines a method for the > economic design of ‘Steel 


penstocks"* and in their discussion’ of that paper, Messrs. Daugherty and 


Peshody develop analytical solutions for the economic diameter. 


(Of the foregoing writers, none includes hydraulic losses other t than those 


‘tie to friction, and only Messrs. Creager and Justin attempt to give any 


specific data on the variation in yearly losses with the annual load factor. a a 


| ey. Table 3 summarizes computations 1 made to determine the most economic - 
maximum velocity, V, for maximum penstock discharges, Q, of 400, 2000. ‘and 
| 5000 cu ft per sec, and heads for shell thickness, H, of 100 and 400 ft for an 
padi set of conditions. The assumptions made for the computations are 2 as 
5 follows: K, = 0.400; e= 0. 85; f= = 0. 20 corresponding : approximately to ao 
> load factor, F, of about “50%; i= $0.003 per kw-hr; sy = 15000 lb per sq in.; 
ee (0. 80; a = $0.10 per lb; r= = 0.07; 0.105 and t= minimum shell 


‘thickness = = Ys in. A 1-ft of penstock w was assumed, Frictional losses 


ber Pe re Design of Penstocks’”’, by M. L. Enger, Engineering Record, September 12 
(1914, p. 300; -, Editorial in same issue indicating application to concrete pipes; also, 
inquiry by Mr. C. Steiner about article in Engineering Record, October 31, 1914, Pe 495 a 
and reply by Enger in the same issue, pp. ba 
ity 


ie. “Water Power Engineering”, by H. K. Barrows, 1927, 344 Anise 
5“Beonomic Size of Pipe for Power Purposes”, by G. E. Engineering and Con- 
A. S. M. E., Vol. 46, 1924 (Paper No. 1946), pp. 1178-1203. 


’ “Economic Pressure Pipe on Penstock Pipe Design”, by B. F. Jakobsen, Eng: neering — 
and Contracting, December 11, 1918, pp. x ae 


“Hydraulics of Pipe Lines”, by W. F. Durand, D. ‘Van Co., 1921. 


_ Hydro-Electric Handbook, by W. ny Creager and J. D. Justin, John Wiley & Sons, 


“A Method for the Design of Penstocks’”’, by H. L. Doolittle, ‘Transacti: ns, 
. M. E., Vol. 46, 1924 (Paper No. 1946), pp. 1165- 
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only were Except for 1, Table 8, shell thicknesses 
computed f from ‘Equation (6) were in excess of the ;-in. minimum. 


TABLE 3.—Summary or Computations ror Economic VELocity 


Equation Minimum Economic mum! Equation | Minimum E 
| usedto | shell | velocity, ||Item “used to shell | conomic 
compet thickness, V, in feet || No. os compute | thickness, iameter, 


in inches per second It, in inches per seco 


H=100 00 Fast FOR SHELL = 400 ror Tac ‘KNESS 


400 | (33) | 7.40 9.31 4 400 
2 000 [x 
(12.18 


21.30 | 14.04 | Not re- 


4 Maximum 
Economic 
diameter, 
D, in feet 


quired 


a ‘Table 3 shows that V increases with Q and H. 


ti Column (6) indicate that they | are fairly ‘representative of'k existing 

“practice. Economic v velocities for conditions « ‘other ‘than those assumed may 
be found in a similar manner, or eae _— the results: given in the 


| 


OAD “Factor, axp 


average annual power is “designated herein as Pa, the maxi- 


mum annual power | loss for load factor, - = 1.0, is designated as: Pm. Corre- — 
sponding discharges | are Qa n= @. Since discharge is as 
ty 


a penstock of a given diameter, the head lost varies as V™ and 
power lost varies as the product of head lost times discharge. Henee, the power ; 
lost varies as for friction; and as Q° for bend, entrance, and other” 
losses where ha varies as V? and d Q*. . The annual dis- 


charge which will give a power loss, Ps, corresponding to the load factor, F, 


in which q,, ete., are the discharges of in cubic: feet per 
second, for N,, Nz, ete., hr, ‘fo the given period and load curve. For simplicity — 


the exponent and root in Equations (35) and (36) may also be taken as be. 


instead of 2. 9 if desired. relations between “power losses, discharges, and 


factor is expressed by: igay 


in which is a constant. For a 1- ft length of penstock, a a given 
0 for the value of the constant, ds in Equation 


— 
Economie 
iz 
11.85 | 18.13 wie 
17.42 | 20.98 
Incnection of the veloc. 
3 
q 
a 
ii 
q 
— 


— 


mined fr from Equation (4) to be: 


, Messrs. Creager and Justin present data“ and formulas which, reduced to 


the symbols of this paper, are as follows: 


eoefiicient, C Cr, varies with the load factor, and is is ‘given in their 
Fig. 43, which - is used in their formula for the economic diameter of a steel 


q 
e 
7 
> 


th 


= 


0 


4 
of Load Factor, ta. 
Fig. 1.—Loap Facror- Loss Factor CURVES FoR WATER 


penstock. that F= 


4 Hydro-Blectric pp. 82 and $3, Equation 19, and Fig. 43. ome 
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ECONOMIC DIAMETER OF STEEL PENSTOCKS 


Fig. 1: establishes the loss factor ‘curves, A and B, for 
_ stocks corresponding | to the given limiting shapes of Load Curves A and B i in 
Fig. 1(a). ~ Load Gunmed is of. rectangular r shape 2 and of constant peak load, 
- whereas, , Load Curve B is of rectangular shape with a peak load of uniform — 


_ and very shor rt duration, | extending above the rectangular part. . The equa- 


tions of Saeed A and B are, respectively, f = F and f= teat . Messrs F. H. 
Buller and ©. A. Ww oodrow established similar limiting loss factor curves for 
"transmission lines.” Curve C is taken from their average experience loss factor 
- curve for transmission lines, the basic plotted points for which were ‘computed — 
from a Series of actual and representative load curves of public utility onda 


‘és Curve D is an attempt to establish an average loss factor curve from data 
ger and Justin." Curve Fis a representative loss factor 
Ee 
 eurve for. conduits, such as penstocks and tunnels, carrying water 


public utility hydro-electric power plants serving typical diversified loads. 
has been computed as follows: For any load factor » 


San 


in which fe = the loss for lines from Curve C for a given 


= the loss factor f for water conduits. For cases in which 
a eabaty: ‘accurate load curve can be established, the longer ‘method of deter- 


mining a value of Qe should be used (see Equation (35)) oe 
{ ‘Fig. - 1, the value of Q for full-load water use is assumed to be that for 


full gate- opening, or for the rated horse-power of a turbine under its rated 
head. | The friction head varies as V** or Q**, and the power loss varies as 
The power generated is assumed to be proportional to the ‘water use. 


- Until further data are available, the value of f for a typical load curve can be 
"assumed to lie between Curves C and E, probably nearer to Curve BE. tm 


The -eurves of Fig. 1 may be used to estimate values of f for all water 
conduits in which the friction head varies approximately as The load 
factor, may be on a daily, weekly, monthly, | or yearly basis. Mr. J. 


9 Tarboux uses a loss factor in formulas he develops for the economic size of 7 
e transmission line conductors”, in a manner similar to the method described — 
this’ paper, for the economic diameter of a steel penstock. 


rn Table 4 summarizes computations made to check the accuracy of E - 
A tion (40) and of Curve Fig. 1, as applied to water conduits. typical 
load curve™ * of es: Power Company’ sys hydro- o-electric 
generation) was used as a basis. Its load factor was 0. 795. curves 
73 load factors of 0.321 and 0.550 were also drawn v 


Factor—Hquivalent Hour Values Compared”, by Buller and C. A. 

Wo ‘oodrow, Electrical World, July 14, 1928, p. 59; also, Electrical World, August 18, 1928, 
‘hgorne™ “Most Economical Conductor” ‘ by J G. Tarboux, Electrical World, March 23, 


iglesias Transmission Line Losses’ by 8. Murray Jones and Joel Tompkins, > 
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‘for a load 1 factor of 0. 795, except for the peak load. Th The loss factors for ' desis R. 
_ mission lines in Column (8), , Table 4, were computed on the assumption that 
the power loss varies as the square of the hourly ordinates (or load) of the load 

The loss factors for water conduits in Column (5) were computed a 


4- or Le ACTORS FOR Loap Curv ES vES 


Transmission Lines 7&=;}=Water Conduits er Conduits 


he assumption that the power loss varies as the cube of the hourly ordinates 
(or load). x Inspection of Table 4 shows that Equation (40) and Curve ~. 
Fig. 1, are applicable in all ordinary cases. 


Economic DIAMETER OF Penstock Tora ANNU AL Cost Curve 


Ww hen it is desired to include costs 
the frictional and hydraulic losses, and as given in the 
_ heretofore developed, the procedure will be to assume several different pen- 
stock diameters and determine the | ann ual « cost for ea 


2 


all the factors and elements of cost that vary with the diameter. These addi- 

_ tional costs which are affected by the penstock diameter include: (a) Intake 
(b) penstock valve “costs; (c) annual saving in of concrete in the 
dam by using a larger penstock diameter; (d) cost of required generator fly- 7 
wheel | effect for machine of ba-cosaigy rating, if more than that hese provided 


cost; and (g) cost of supports, etc. the 
flywheel effect, i is usually called W which equals t the product of the ‘Totating 


eet The totals of the annual costs - for all i items for each sommed diameter 
are plotted as ‘as ordinates, with penstock diameters a: as -abscissas, . The minimum > 
cost is from the Diameter-Total Annual Curve. a study 
nt to deter- 


CONOMIC DIAMETER OF PensTocks FOR Fourme 


Si steel penstocks for hydro- electric power plants apply to electrically operated 
_ pumping plants. In such a case, the annual cost of the power consumed in 


frietion and other hydraulic losses, v: varies inversely as the over- r-all efficiency 
y 


— 


=. 


— 
— 
— 
n- 
in 
— 
— 
— | 
dead — 
7 
nts 
— 
“a 
= 
j 
it 
ime 
for 
ied 
be 
ter 
— 
ved — 
@ 
= 
cal — 
ric A "mine t 
for Respect 
28, q 
q 
4 
— 
a 


ee DIAMETER OF STEEL PENSTOCKS 


of the plant, e, since for a lower efficiency more power must be used to pump 
: a; given quantity of of water against a a given total head. Ont the other hand for a 
ss: power plant, the annual cost of the power lost in friction and other hydraulic 
losses varies directly as the over-all efliciency, e, as shown by Equation (5). 
3 | Equation (1) for the economic ‘diameter, e appears in the numerator | of 


the expression under the radical s sign, n, and in Equations (26) and (32), e 7 : 


one factor in J appears in the numerator of the expression under the radical 
It follows, therefore, | that in using the foregoing formulas to determine 
the economic diameter of penstock for a pumping plant, the efficiency, ei 
_ should be placed in the denominator of Equations (11), (26), and (82). a 
these formulas it is assumed that the head consumed in friction and otie? 
hydraulic losses forms only a small part of the static pumping head, and, 
. therefore, that the size of the pumping motors and plant eae for 
reasonable variation in the size of the penstock. 


annual cost of the pumping plant iteelf, and for each assumed 


The formulas “developed in this. paper are general, but ‘they ‘are intended 
— to apply particularly to the determination of tl the economic size of a penstock — 
of uniform diameter for a hy« dro-electrie power plant, particularly where the > 
~ power- -house is situated immediately down stream from the penstock intake — | 

eo section of the dam. Equation (11) or Equation (26) is to be used, depending § 

on the a accuracy | desired, or the amount of data available. 
For a long penstock, the diameter generally decreases toward the lower end, 
= and the penstock is is usually made in sections of uniform diameter and the 

im same plate thickness, with transitions connecting the sections of difierea 

diameters. Equation (32) applies to this case. 


The subject of, and formulas developed in, this paper were e suggested by by. 

, of studies made by the writers for a large y power development. _ The senior writer, 
the late Mr. Charles Voetsch, passed away before he could review the paper 
entirely. The j junior writer wishes to express herein his appreciation of the — 
unfailing spirit of co-0 -operation and friendliness with which Mr. 
- Voetsch drew on his wealth of experience and his valuable engineering library 
to assist or furnish data to all who desired aid in special problems. a. oF 

Winter, Assoc. M. Am. Soe. C. Senior Engineer, U. S. Bureau 
‘Reclamation, made several valuable suggestions which have been 
te: the Power r plant studies _and designs of 
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2a = are under the direction of L. N. McClellan, Chief Electrical Engineer. All _ 
Cee = studies and designs are under the general direction of J. L. Savage, M. Am 


ECONOMIC DIAMETER OF STEEL PENSTOCKS — 


Sen. CO. E,; , Chief Designing Engineer; all engineering and construction work 
j is under the direction of R. F. Walter, M. Am. Soc. C. E., Chief Engineer, _ 
with headquarters Denver, Colo.; and all activities of the Bureau at 
the time this paper was prepared were under the general charge of the late 7 
Elwood Mead, M. Am. Soc. C. E., Commissioner of Reclamation. John C. 
Page M. Am. Soe. C. E., Commissioner of Reclamation, with headquarters: y, 
in ce ash ington, D. C., is in general charge of Bureau activities. 


symbols in the paper are defined as 


= the cost of steel in the penstock, in dollars p 
7 A = the cross-sectional area in a penstock, in square feet. 
¢ mei % b = the value of power loss because of friction and other hydraulic fo 
factors, in dollars per kilowatt-hour, 
A B= a constant in Equation (26), defined by Equation (28d) ; 
en oo B’ = a constant in Equation (32), defined by Equation (30). 
mi 6 = the coefficient used by Messrs. Creager and Justin, defined by 
= the economic inside diameter of a penstock, in feet. Bes. 
thitie P = the over-all efficiency of a plant to: (1) The point where power 
_ eee is sold, for a power plant; and (2) the point where power -~ 
oa , purchased, for a pumping plant; ej; = the efficiency of the 
joints of a penstock, expressed as a decimal. 
E = the annual cost (expense) of a penstock of length, 


" Te sah dollars ; E; = the annual cost of the power lost because of of 
wa friction, in a penstock of length , Lr; Ep», = the annual cost a 
of the power lost because of friction in a penstock, 1 ft long; 
_ Ey = the annual cost of the power lost because of hydraulic _ 
- factors other than friction (such as entrance losses, bend 
losses, etc.); Hp = the annual cost of the steel in a penstock 7 


Ps un of length, Lp; En : = the annual cost of the steel in a pen- 


viv bend stock, 1 ft long; FE; = the total annual cost of a penstock of | 
length, L; E+, = the total annual cost of a penstock, 1 ft long. © 
Chairs sa = a loss factor, expressed as a decimal, corresponding to the load — 
faetor, F, and defined by Equations (36) and (38). 
 F = the load factor under which the plant operates (= average ' 
+ maximum load); for a discharge proportional to the 
@ = the acceleration due to gravity (= 82. 
- @ = an algebraic substitution factor in Equations. (26) and (32), as 7 
bh = loss.of head, in feet; hy = the head lost in friction, in a pen- 
ton a of length, L;; hn = the head lost in friction, ina 
- penstock 1 ft long; hx = the head lost because of hydraulic 
factors other than friction; ht = the total head lost because _ 
eruagnate of friction and hydraulic factors; hy = the additional head + 
a. lost, due to the introduction of a bend in an otherwise 
aici, straight penstock; he head lost at the entrance to a 
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shawl = the on water- hammer 


pitas effect, in feet (weighted average to be used if necessary). 


tp ompoe i= percentage of overweight of steel in a penstock, due to laps, 
@over- plates, rivets, welds, ete., expressed as a decimal. 
y= a constant in Equation (36) “defined by Equation (87). ot 
J= an substitution factor i in (26) and (32), as 


= a coefficient ; Ky = a constant that “modifies the expression 
4 for head loss when bends are introduced in an otherwise 
straight pipe (see Equation (14)); Ke = a constant that 
_ modifies the expression for head loss at the entrance to a pen- 
5 stock (see Equation (15)); Ks = a general coefficient in the 
Scobey formula (Equation which determines the head 
a Fanon lost in friction; K; = a constant in Equation (13) to account 
for hydraulic ‘effects other than bend losses and entrance 
Kr, = the sum of all constants for hydraulic | losses, 
_ as defined by Equation (18), 
: iL = length, in feet: Ly = = length of penstock used to compute fric- 
= loss when it differs from Ly; Lp = length of penstock 
used to compute the weight of steel when it differs from Ly; 
: M = a algebraic substitution factor i in n Equations (26) and (32), as 
_ Gefined by Equation (983). 
Ve- = time, in hours, for a given ‘period and load curve, during which 
the discharge is 2, ete., correspond with | 
iP = ae power lost, in kilowatt-hours: Pa = average loss due to 
friction hydraulic factors, at the load factor, FP; 
P+ = loss due to friction in a penstock of length, Ly; = 
eel joss. due to friction in a penstock 1 ft long; Pr = loss 
to hydraulic factors other than friction; Pm = loss due 
& to friction and other hydraulic factors, at full or maximum 
corresponding to the discharge, and the load factor, 
ie _ q = discharge of a penstock, in cubic feet per second, during a 
stated time, N, and for a given period and load curve; 
rated discharge of a penstock, in cubic per second, 
corresponding to full gate-opening, or the rated horse-power 
Bitte! = * ‘sae the connected turbine or turbines (or as limited by the 
generator capacity), when operating under rated or normal 
head (in this paper, penstock discharge i is assumed to be 


to Qm); Qa = average discharge corresponding to the average 
— generated during the period and for the load curve 
a considered; Q- = the equivalent discharge, for the period 
_ and load curve considered, to give a power loss for the period 

_ equivalent to the actual power loss for the period and the load 


‘proportional to the power generated, and Q is assumed equal f 


in Cae curve considered (see Equation (35)); Qm = the maximum ~ 


discharge for the load factor, F = 1.0 (Qm is assumed equal 
= the ratio of the annual fixed, operating, and 
charges t to the construction cost of the ‘penstock. 
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sg = unit stress, in pounds per square inch; 89 = the gross s allowable _ 
tension in the penstock steel. 
= the thickness of the steel in the » te in 
= the velocity of the water in the penstock, in feet per second, — 

corresponding to the discharge, Q. > 
= weight of steel, in pounds per cubic foot (= 490). — pada 
= balay of steel, in pounds, in a section of a penstock of length, 


gs a variable exponent (see Equations (24) and 
Gy 
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ON ECONOMIC DIAMETER OF STEEL PENSTOCKS 


A. Monro, AM. Soc. C. E. (by letter). —As noted by the au @ 


‘several formulas for computing the economic diameter of steel pen- 

stocks have previously been presented. All these formulas are based on the 
game fundamental principle, n namely, that | the most economic size of penstock — 
is that for which its annual cost, plus the value of the pc power lost in friction, 

is a minimum. inl any given set of conditions all will give practically 


The authors have used the “Scobey formula for flow in steel Pipe lines. 


for the stated reason tl that: “Tt i is the most authoritative and the newest avail 


able.” However, the use of the Weisbach — 


(in which f is a friction factor) sin sail simpler mathe- 
matical expression for the economic diameter with no appreciable sacrifice 

aecuracy, providing the factor, is properly chosen for the r range of 
-penstock diameters being considered. This simplification is particularly 
dl desirable when attempting to develop an expression which will include the 
hydraulic losses, , ha, other than those of friction, all of which are assumed 
- to vary as the square of the velocity head. PE — 


‘The introduction of the load-factor loss ct curve 


a novel idea. it ‘should be noted, however, that a hydro- electric plant w which 
es tied into a large (ombenaetion wien is seldom ‘operated to produce an 
_ output that is proportional to the system load. When ample water is avail- = 
able the hydro-electric plant is usually operated at a high load factor at o or 
near its point of best efficiency for most of the day, dropping off for only — 
w a short period when the system load is at a minimum; the peak load of the 
system: is carried steam n plants operating on a very low load factor. 
~ During low- flow periods, ‘this method of operation is reversed, particularly 
where facilities exist for forebay pondage, the hydro- electric plants 
- operated on on the system n peak - whereas the hese tend t is carried by steam. ae 4 
a hydro-electric plant having several units a reduction in output is 
usually effected by shutting down some of the units and continuing “opera 
\ tion of the units remaining in service at the point of best efficiency. In 4 
this case the penstock loss is not substantially reduced providing the = ie 
- “served by separate penstocks. _ A further point to consider is that | pea 
- power is always worth considerably more per kilowatt-hour than the average 
output of the system, as is indicated by the demand charge which is usually — 
embodied electric-rate schedules. Consideration of these facts v will lead 
to the selection of a somewhat larger flow on which to base an economic 
design than ° would be chosen if if the « criterion selected was that flow for which 
the total friction loss is equal to the friction of the actual variable flow. ‘The é 


Water Control Engr., TVA, Knoxv Tenn. 
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RUDOLPH ON OF STEEL PENSTOCKS 


ease, as a proposition it appears that the economic design of a 
penstock should be based on a flow approaching that which will be utilized 

by the turbines at the point of best efficiency. 

_ The value of power which | ‘should be cused in the formula for. economic — 

_ penstock design cannot be determined readily but its exact value is not 

- important since results are affected only in proportion to the seventh root — 
of this factor. The same consideration — to the ratio of fixed charges — 

An easily applied for determining the economic diameter of a steel 


penstock i is very desirable and convenient, particularly for preliminary studies, 
For the final design of a pipe line in which the various factors become defi- 
_ nitely established, it seems quite desirable to make a a detailed calculation ~~ 
the cost and of the hydraulic losses for at least three sizes of penstock. Such — 
8 computation will permit a curve bes be drawn showing the variation in cost v 
of output in terms of diameter of penstock, which will afford a definite basis _ 
s the selection of the proper size. It also makes it possible to take into 
account many factors which do not teal themselves to formalization. It may 
"perhaps be noted that since the cost curve for varying diameters is usually 
comparatively flat, the very real advantage of keeping initial costs to a 
minimum will ‘often cause the » selection of a pipe diameter considerably — 
i wae than that shown theoretically as ‘the most economical on the basis of 
estimates of the future value of 


E. Am. E. (by. letter).— —The application 
of or one of the equations in this is paper can be demonstrated with reference to — 
a problem that often arises in penstock design—that of the single pipe line as 
_ compared to multiple pipe lines. Especially is this important in hydro- electric — > 
development in South America, where it is quite _common, first, install 
Be machines for utilizing only a portion of the | potential power at a site, and, 
- later, to install other machines to reach the full capacity of the normal water 
“flow. Where there is to be | a considerable lapse of years between the first b* 

and the later construction stages of a hydro- electric project, the penstock is 
= built of sufficient capacity for the initially installed units only. However, 
- there are > instances in which | the second stage of development follows within — 

a few years of the first, 2s, for example, in the development of a mine where 
S tonnage of ore to be treated increases rapidly. In such cases it is some- 

times advantageous s to buiid th the penstock for the final al project « during the first 
; stage of the development, because of the s saving ‘in cost of a ‘single pipe line | 


as compared to that of multiple pipe lines, 
The he writer has been trying to apply the formulas of this paper 10 a par- 
ticular pro problem under consideration. He began by determining the economic 
F diameter of penstock for the amount of power to be installed at once, and 
then for a Single pipe line for the ultimate capacity (which in this. case was 


investment between a large pipe > Maa and (in this eons) two smaller 
i: pipe lines, was thus estimated. Such definite saving n yr hence, was con- ba 
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— ON ECONOMIC DIAMETER (OF STEEL PENSTOCKS _ 
verted baci to its | present value, ¢, using ng the rate of interest applicable. “i Then, 
_ for the pipe line of the capacity of the present installation only, the annual 
Cost of the penstock is defined by Equation (21). For the pipe line of | ge 
capacity of present, plus future, installation, the annual cost of the penne 


| ‘The smaller annual cost determines the more advantageous installation, 

In the case under | consideration, n being only 2.5. yr, the greater capital] 


expenditure for the full-sized penstock, wit! with h the initial installation, appeared 


Brer,? 1 Esq. (by letter). —W ithin certain limitations, the economic 


diameter ‘of steel penstocks and discharge lines can be determined 
rationally by means of this interesting paper. Equation (11) has been 
rived by using Equation (6) for the calculation of the plate thickness cor- 
responding to a given head. For low-head developments where the plate © 
_ thickness is not a function of the head, but an arbitrary minimum established — 
4 to satisfy the requirements of rigidity, fabrication standards, or long life, 
Equation (11) will not give the proper answer. 
example of a welded-steel discharge pipe a pumping plant will 
- illustrate this point. — Let Q = 150; Ks = 0.36; e = 0.71; F= 0.425; f = 0. 42: 
80.0026; = 13 500 in; ej =0.90; a= $0.09; =150 fy 
r=0. 07; += 0: 05; L= = 1920 ft; and, =0. 25 in. (minimum). 


: 


With ¢ the’ es same data a detailed ‘enalyeia, based on the total annual cost. 


“4 per foot of pipe, including | annual fixed, , operating, and maintenance — 


gives the following values, for the various diameters considered: ay 


Diameter of pipe, Total annual cost, | 
fi Uo in dollars per foot of "pipe 


se eee . 


Fas 4, 


at 


According to the foregoing data, the e economic diameter would is 5.75 ft 
as s compared to 5.44 ft obtained from Equation iz). The discrepancy is due 
to the fact that in the detailed analysis the diameter derived was not a 
function. of the head and the allowable unit stress as in n Equation (1, but 3 
s resulted from using a minimum plate thickness of 0.25 in. for practical reasons. 
--_In the foregoing example, Equation (6) would yield different plate thick- ri 


21 Engr., U. S. Bureau of Reclamation, Denver, Colo. Approved for publication = 
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nesses for the varying head the profile of the a maximum 


included in (6) enter > Equation (11), = 
eannot be used for pipes under low heads, where values of ¢ will fall below 


the minimum plate thicknesses established for reasons other than the ‘require- 
_ ments of head or the allowable tension in the plate. perdi. is 


a F or low- -head plants the economic diameter should be determined —— 
Equation (33) by substituting the desired plate thickness into the equation. 
Por the pumping line used in the foregoing example where only pipe friction “e 


a idered, E ti 33 ma be written as follows: = ~ 
are ered, Equatic ion ac ay be write 


9 
P= X 128.282 X 0.25 X 0.09 X 0.07 X 1.05 


‘This closely checks the 5. 75- diameter obtained from the detailed 


a. Theoretically, the 0.25- in. plate thickness substituted in Equation (6) 


0 4335 > 4 5 .75 x 12 = 


which is head to which the 0.25-in. shell “may ordinarily be if 


“error may be introduced in n these s by using ‘the valid, i, which con- a 
sists dar additions to Weight of to laps, butt straps, stiffener 


long spans between “necessitates not pr heavy stiffener rings: 


and supports, but also a pipe shell of increasing thickness toward the point = 
o a support to reduce the stresses in the shell adj acent to the supporting 0a 


& tions or designs are first made for a typical span, and the average plate thick- A 


The method presented by the a authors should be to ‘use 

than the detailed analysis after one becomes with its application. 

The lengthy equations, however, will greatly increase the chance of error. = 
On: important : and costly installations which justify a more extended» analysis 


3 it may be advisable to determine the economic diameter first with the authors’ ee i 
method and 1 then check the Tes ult with a detailed analysis. By thus limiting 4 


pipe for introduction into ‘the equations ‘unless some preliminary computa 


i, the necessary computations to a smaller number of diameters in the detailed 
analysis, some economy in time may be effected and the result would be more 


| Great acc accuracy on the other hand i is portent since certain 


‘not important since certain 


are subject to 
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= 
their proper solution, require the exercise of judgment. Affected a as 
‘es are by matters of opinion and | by a ‘multiplicity of varying, ‘complex, and, a 
sometimes, conflicting factors, such problems cannot be solved with any 
high” degree of precision no matter how dexterous one may be in the 
use of mathematical tools. Attempts: to increase the precision beyond the limits 
imposed by the nature of the problem are illusory and only add to the 
complexity. The principal merit of mathematical analyses of such problems 
= a as an aid in understanding them and in reaching sound judgment. — Rec 

: ek _ The authors state state that, as computed by their formulas, the economic 
2 diameter of penstock ‘ee a certain development shows a differ. 
ence of only 3.25%, a3 compared to the diameter determined from detailed 
studies. To the writer this only proves starting from identical, ‘basic, 


which agree with those 


"rect. Certain of these assumptions, and the | haze of uncertainty 


ber ‘The selection of Scobey’s for estimating the penstock friction loss 
is justified. is indeed authoritative, but any estimate of friction- ‘head 


a2 loss based on it, intended to serve as the basis of economic studies, is ata 


The coefficient, Ks, depends on “class of pipes: 
ae varies considerably © for ‘different penstocks of the same class, and, in 4 
many cases, the class itself is only definitely known after the final 1 award ¢ of 

contract, joints” ‘and other details differ r between different manu- 
“facturers. It is also known that increases with the age of the 
the: rate. of increase "depending on tl the ‘size of the penstock, type of 
~'- protective cover of the internal surface, t the quality of the water, climate, ete. 

‘The Writer knows of cases in which the rate of increase of Ks is 10% 
each year, and o of an extreme case inw which it is more than 20% per year. ‘ 
The question arises, "therefore, as to rate of increase and what age 
Re of the penstock should be assumed for. purposes of economic studies, 
assumption that the e friction loss the penatock varies as the 


Lie? i 
. _ 9 power while the other hydraulic losses vary as the square of the velocity 


& 


= 


| 
to be an unwarranted refinement in economic studies because: (a) 
cannot be predicted accurately ; (b) bea it must not be overlooked that 
ee o£ the individual values of z vary all the way from 1.73 to 2.14”, as Scobey of 
stated ;* = () ‘the refinement adds greatly to the complexity of the or 
aS problem, aa will be seen . by comparing “Equation: (11) with Equations (24) : 


i mn, to (27); and (d), the gain in precision, if any, is negligible. — 
= pee -It would be preferable to select a value of Ks high enough to cover the 


total losses, particularly in the more common developments: where the 


Asst. Hydr. Engr., The Sao Paulo Tramway, Light & Power Co., Ltd., , Sho Paulo, 2 
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‘ ia —_— ON ECONOMIC DIAMETER OF STEEL PENSTOCKS > 1 
small ‘proportion of the In the relatively few 

5 ag where the bend losses: form a great proportion of the total it might - 

be better, in order to avoid unnecessary complexity, to adopt some formula 

- other than that of Scobey in which the friction loss is made to vary as_ 

he There is s also the question of | the discharge which, as the authors’ state, 


‘tallon, ¢ should the maxi mum wales d, the rated, the most frequent, or noel 
other value of discharge, be eomenaah, Sits question is answered partly _ 
by the i introduction of a factor to take care of the effect of the load factor. De) 
~The question is not precisely answered, however, because apply this 
- factor it is necessary to make assumptions — regarding the future loading _ 
of the unit, and this, again, Tequires the introduction of the element of © 
% judgment. 2 In any ease, no matter what value of discharge is selected, 
the fact remains that the horse-power and efficiency guaranties given by the _ 7 
turbine m subject to a certain 


rn In order to determine the the s pipes" it is to 
assume a value for the head. This is not quite as simple as it appears. For 
reasons given elsewhere™ it is considered that high-head penstocks, at least, — 
should be designed to resist, without appreciable deformation, the stresses 7 
caused by the extreme pressures resulting from accidental conditions. These 


on the maximum discharge whereas some do not. . The “probability 
one assumed sages condition arising during the life of the penstock 
is a matter r for speculation so that weighting is difficult. wt Then there are 
the questions of maximum allowable stress intensity “under ‘static pressure 
dew the lower part | of the penstock, and of 1 minimum thickness to prevent — 
‘ collapse. due to vacuum, and ‘as protection against corrosion, in the ‘upper 
_ part. As a result of these and other factors it is a nice problem for the ivy 
judgment and experience of the engineer to determine just which head 7 
Fan other. factors entering into the problem, such as, over-all efficiency 
of the plant; loss factor corresponding to the load factor under which a iy 
~ plant operates (what should one assume as the period of the average load 
and as the interval of the maximum‘ ‘load value of power lost; unit cost 
of steel (which v varies with the diameter | of the penstock not only in purchase 7 
_ ice, but also as affected by erection costa); percentage of over-weight; etc., = 
are, each and all, subject to varying degrees of uncertainty. ‘This being 
- the case it follows that the calculated economic diameter is also uncertain hb 
nd can serve only as a guide to judgment. _ The probable error or degree <i. 


. uncertainty of of the computed value lue can be . be estimated by the well known 


Hig h-Head Penstock Design”, by Messrs. Billings, Dodkin, Knapp, and Santos; 
Srmposiuim on Water- Hammer, A. 8S. M. E., Hydraulic Div., and Am. Soc. C. E., Power 
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OF STE EL PE NSTOCKS: 


= or purposes of illustration the writer considers the data given by the 


Jo 

and | assumes certain the errors of some of the wits 
+ 0.015; = 0.401 + losses 

intere 

5+ 0. 025. Tt wilt ‘be the analy 
= “a sale ej, and b are known precisely (which is not the case), and stocks 

Applying: to these data, the law of the propagation of errors, the writer 
“fnds from Equation (2) that the head lost due to friction is 0.421 + 0.022 ne Ludi 
Similarly, from Equations: (2) and (16), it is found the total grit 
“é loss is 0.680 ++ 0.030 ft. In other words, the probable error of the friction loss 5 aa 
is about + 5.2% and that of the total loss, + 4.4%, thus indicating that the _ 
two ‘methods of ar arriving at the head loss are of about the s: same degree of i 


precision. The reason for the large difference in the actual loss as com- b 


7 _ puted by the two methods lies in the fact that the bend losses form a high — e in Ww 
proportion of the total. This difference could have been made to disappear of t] 
Keeping the same significant ‘places as the authors, it is 
‘. found, on the basis of Equations (23) and (26), that G = 1058 x 10° + 61 ' T= 
x 10°; M = 883 x 10° + 73 x 10; J = 13.14 x 10* + 134 x 10%; J fret 
B= 164 + 14; and D = 7315 + 0.154 ft. This shows that the probable [| steel 
error of the computed value of the economic diameter is about + 2 in. » + 9200 
even when it is optimistically assumed that one-half the factors affecting 
result are known exactly. the r retardation coefficient: is increased 
by 15% (and there is reason for doing this when the bend losses are known — o 
to be high), thus making K, = 0.461, the diameter computed by the ‘simpler 
Equation (11) is 7.10 ft, with the same probable error as the value 
While on the gubject of precision of computations the writer would: wea 
“remark that in deducing Equation (4) from Equation (3), there jis lad 
justification for increasing the number of significant places in 
stants from. three (62.5 and 0. 746) to six (1.17631). Similarly, in going 
from Equation (16) to Equation (17) the increase in the number of signifi- 7 = 
cant figures from ft four to seven is not ‘Justified. ‘It is an old rule ‘that For 
“one can n never acquire in the product more accurate places than there are é 


in the poorer of the two factors”. Division comes under the same rule, 
aa The writer has tried to ‘emphasize’ the limitations of all formulas pur- * 
to give, directly, the economic diameter of steel penstocks. A 
further limitation of of any such formulas results from the fact that they : 
only value for the diameter, r, whereas, at least in the 
ease of high-head penstocks, it will be found more economical to vary 
diameter» with the head. In such cases, it will also. be found | expedient 
proportion the diameters ‘and the length of each reach of different 


diameter, aside from economical considerations, in such 
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D. N. AM Soc. letter). —In that it per- 
mits | taking into consideration such new factors as bend losses, entrance 


ete. the development of penstock analysis in this paper is a very 
‘interesting ‘one. In the form in which the authors have presented their 
analysis its application is limited to uniform (that is, horizontal) pen- 
stocks. Par few changes in the interpretation of the present analysis are 
- sufficient to extend its application to all horizontal and tasting’ penstocks. 
Friction Loss and Annual Cost of Penstock—In 1914, Professor A. 


Ludin published his formula” which, in the notation of the paper, may be 
in which er = the efficiency of ‘the in eo = the efficiency 
the generators, in decimals; ej; = the efficiency of the joints, Tivets, 
ete, in decimals; sz = = allowable stress, in kilograms per Square 
= the value of the power at the generators, in marks hour; 
= hours of use; = the specific weight of Steel (= 9); = 
coefficient in the Chezy annual cost a ton of 


s in ‘the root, in the , and the friction 
‘eficient are are , due to the use of different equations ns for determining the friction 


authors the formula, ‘Equation (1), and Professor 


‘Por turbulent flow with rough ‘walls, exponent, 9, velocity. 


For the penstock under consideration the -econom nie conditions of loca- 
‘toa, elevation, transportation, ete., determine the first radic val in Equation — 


(44) and the corresponding quantity in Equation | (11), so that they become 
constant, which ma may be _Fespectively, by by the sy ymbols, , and K,. 


Designer, Phenix Eng. Corp., New York, 
““Die Wirtschaftliche Bemessung von Triebwasserleitungen” von A. 
shrift fiir das gesammte Turbine nwesen, 1914, No. 13; also, “Wa usserkraftanlage n”, 
Ludin, Berlin, 1934, pp. 194-197, 
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ECONOMIC ‘DIAMETER oF STEEL PENSTOCKS 


LEWIN 


a 


prevailing in Central Professor Ludin® * developed the formula: 
in which Dn = the economic inside diameter, meters. The ‘solution of 
- Equation (47) is greatly facilitated by the preparation of a nomogram 
such as Fig. 2. Equation (11) ‘may seem very complicated, and it will be 
difficult to obtain correct data for the value of “power and costs 
the penstock. The value K, or K’ remains nearly unchanged. 


| a 

or, if the is (peak po Power the p price of the peak 

‘This is the reason why Equation (47) correct European 


For all ‘cases with pressures less than 300 (100 m) Dr. 
Bundschu* advises heads of 300 Using values given in the 


n 
oO 
= 
= 
re) 
Fh 
g 
— 
& 


under the heading, “Use of Formulas,” as prevailing in the United States 


= 1.33822639 Vie 


The corresponding diameters can be obtained from Fig. 2 which must 
$a changed accordingly. In Fig. 2, there are scales for diameters, the 
af left for the European conditions (Equation (47 )), and the right 
the American “conditions (Equation (48)). In the computation the writer _ 
“prefers to use ‘ “the equivalent discharge,” (discussed subsequently), 

instead of the authors quantity, f Q**; but for the purpose of checking the 
values 1es given in Table 3, with = 025, , a scale corresponding to 


Pe is: drawn on the right in Fig. 2 |The s seales for Equations (48) and (49) | 


q 


Meight 


TABLE 5.—Comparison oF Metuops a 


4 Maximum| D1amerer, D, | Er 


discharge, 


Item 2. in cu- 


No.| bicfeet |} By | | | In | bic feet By 
|. per Equa- | By | In | per- || | per Equa- By | In | per- a 
second | tion Fig. 2 feet | cent- : second tion Fig. 2 feet cent-— 


(a) Averace Heap, H, Equars 100 |} Averace Heap, H, Equars 400 Freer 


7.40] 7.35] 0.051 0.68 4 { 400] 6.03] 6.02] 0.01 | 0.166 

3 14.49 | 14. 41 | 0.08; 0.555 |} 5 | 2000] 11.85] 11.90 | 0.05 Te 
5 000 | 21.30 | 21.20 | 0.10 6 < 000 | 17.42 | 17.40 | 0.02] 0.115 


* All less than 1 t. 
- differ only by the difference i in | the constant. Table 5 demonstrates how very 
- closely the computed values coincide with those found nomographically. on 


“Wirtschaflicher Entwurf von Turbinenrohrleitungen”, von Bundschu, Waseerkraft 


— 

— 

— 

— 

| 

— 

— | 

4 


L EWIN ON 


ion 


4 8) (Based on Scobey's Formula) 
49) (Based on Scobey’s Formula) 
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Fig. wil be the correct dimensions of a penstock under 
‘conditions in Europe, or in the United States, Tespectively, 
Should the location of the -penstock under consideration cause changes 
_ in Equations (47) or (48) a new scale of diameter can be found very 
easily, i in 25 to 30 min, as follows: Substitute 1 the new data in ‘Equation 
(11) or in Equation (44), depending on whether the Scobey 
Manning formula is preferred. The solution will have the form of 


find the discharges for values of 


19, and 10.0; and H = 100, 1000, and 10000. ‘The lines connecting as 
_ corresponding points, H and Q, in the nomogram will intersect in D = 0.1, 
a 0, and 10.0. This gives: the place of the new D-scales and the size | of the 
unit: e method thus described has the advantage that every D-point 
is found by three lines, and a check is 


analysis penstocks of ‘them diameter, or a horizontal only. 
Considering E quation (46) for a constant discharge, — diameters a at a 
elevation, u or v, may be determined by the formulas: 


between i diameters at the different elevations may be expressed as: ~a 


In inclined 1 penstock, ‘therefore, the different 


al 

of bend-loss formulas is the mew idea the in the 

 Bxample.— is in 
horizontal and a part inclined. The of their ‘elevations, 
are known. Applying Equation (62), reduce the diferent diameters to a 


determined by ) after been computed. 


— a 
— 
«sing 
— iss 
(19 
— 
4 
— 
Fo 
> =< 
{ 
q 
— a) 
ar 
— 
— 
7 
— 
— — 
— 


— 


4 


LEWIN ECONOMIC DIAMETER OF STEEL PENSTOCKS 


117631 _ 1.17631 Ks fb 


or mubstituting 


a penstock consisting of the three sections ‘shown in Fig. | the total 
- annual cost of the entire penstock will be the sum of a series of formulas | 


tion (57); thus: ie 
hy uw Average) 

dDy — 

1. 


re 
at H, L, Fic. YOUT OF THE. 


a 
1.17681 Ky fd — 
For any inclined part of the penstock the a1 
— 
 \ 
q 
iii 
— 
hz (Average) Niew ad; — 
— 

is 
= 


us IN ON om DIAMETER OF STEEL PENSTOCKS 

in which Bi is w Equation (284). ‘Substituting, 


for B, 


which corresponds to Equation (24) and can be solved in « 


H, and Kp, corresponding to Equation (27), are definite 

constant values, Equation (61) can be solved. It is also advisable ie ae 


comparison to compute Equation (61) changing ‘the root 6.9 to 
that the limits of the « error may be judged. 


‘The foregoing development of the basic formula, Equation (27), extends — 4 
s,. its application to all penstocks in 1 which H is greater than 300 ft. ee a a a 
mand Discussion of Fig. 1—In regard to the Q-value to be used in Equation — t A 


(43) Professor Ludin prescribes the determination of the equivalent discharge: ¥) 3. 

Out 


oe in which q = = partis il discharge, in cubic feet per second, during a a ein 
interval, t, for every ‘different case. rs 


The authors’ ‘computation of different lis 
ry 1 
P= = 0.4 to P= 0.8, the loss factor ranges f= 0.11 235, 
and, from f = 0.54 to f = 0.685, respectively, if the curves, iE and C, are 
assumed as limits; or from f = 0.065 to f = = 05, and from f = 0.52 to 


= = 0.8, respectively, if | A and are ‘assumed as” limits. This 
that the error in determining the diameter for small load 


faetors can be very high. For f= = = 04, for example, the error in CurvesC0 § 
and E equals 0.116; and in Curves A and B, 

1 = 0.3013. error is between 11. 6% and 30. 13%, * 


— 


— 
ae 4 
in Equation (58) and 
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-galue of the meticulous and laborious determination of the economic diameter. 
writer considers that it” is to give ar any factors, 


27 (Multiply by 10% 


~ 


by 10 
(Multiply by 1 


Multipty 


of 
Values of Q 


Values of 


Vatues 


————,Hourly Load Curve 


@*-Curve 
—--— Q3Curve 
of 
“must be in case _ Tis can cor- 
A load-duration curve is usually computed in any case. For different — 
ints on such a curve compute the values of Q* a 
The second and third roots, respectively, the these values, 
Equation (62), will: give the correct 
computation of the economical diameter of the penstock. These 
emer are the correct values for the consumption region. This simple 
computation eliminates any inexactness- resulting from from 


Limitation of ‘Discustion—It should be noted that this discussion is 


limited to penstocks, in which the water pressure is great enough, | becouse 
Equation (8) is correct only if the pressure in the top and in bottom 
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3. 
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penstocks. Every region or district has i 
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EOONOMIC DIAMETER OF OF 
of ring can. be assumed to be equal Fig. 5(a)). — 
ere medium > pressure (H < 200 ft), the ring formula cannot | 
viet applied (see Fig. 5(b)). There 
fore, Item No. 2, in Table 3, has 
been computed incorrectly. This 
also true in the case of Item No. 3. 


High Pressure _ 
Wat 


sis” is based only hydrostatic 
pressure. In cases the 


ust 

stresses to the bending of the 
pipe between t the supports must be % 

and Equations (6), pel 
40), 41), (20), (22), Fan 


RE DISTRIBUTION (98d), (27), (98), (30), and (38) 


IN PIPE 


a 


of Equation (6) present analysis’ Equation (6) is valid. 


only for pipes in which the relation of the thickness of steel to the a 


7 is very small, — -<— Sa all other cases the equations must be change 


accordingly. Professor Ludin proposes using the outside diameter instead 


of the inside diameter in Equations (11) and (44). 

Other: Limiting Factors.—Finally, the diameter is limited due to the 

fact that, in cases of large discharges, two or more penstock lines are used. 


7 number of | pipes. Diameters of 21.30 ft and 17.42 ft (Items Nos. 3 and 6, 
Table 3) Seem to be too large be advantageous in actual operation. 
Fig. 2 demonstrates that for small heads and large ‘discharges, the values” 


This effect ‘ean be considered by reducing the equivalent. discharge by the 


of the penstock diameters do not change very much. For example, 
oH = 100 ft and Q= 5.000 cu ft per sec, D = 96. 50 ft; and for th the same_ 4 
=. head and Q= 6000 cu ft per sec, D = 26.60 ft. ip In other words, a . change ae 


of 20% in the rate of flow, changes the 16 per cent. 
is clear because of the unim portance of friction losses the computa-— 
tion of large diameters. discussed herein under 
the heading, “Limitation of Discussion,” should be considered as well. 
Thus, the given in Items Nos. 3 and 6, Table 3, should be 
. as being not exactly correct. | ‘The present analysis, therefore, is limited to 7 


A penstocks of small and medium diameters (not than ft), 


‘situated immediately down stream from ‘the dam ean be found by the 


analysis suggested ‘Furthermore, construction of a 
_ nomogram has two advantages: (1) It permits finding the maximum heads 

for given | discharges and given diameters, for the e standard | sizes; and (2), : 
once it has been computed no further calculation — is sequined, . Fig. 2 cn 


‘replace all the calculations in ordinary cases of 


we 4 


— 
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assistance in reading this discussion anil encouraging writer 
ww his efforts, , acknowledgment is freely given to R. W. Powell, M. — 

Soe. C. E., and Mr. D. C. Williams, of Ohio State University. = 
_ Esg. (by letter).—It is : well known fact that, in most 
penstocks for high-k -head plants have diameters decreasing toward the 

power house. The authors do not state the range of “applicability of 

their: own formula, nor do they mention the limit of application of the _ 

usual orthodox design with vary ing diameters. teal 

‘The analysis submitted by the authors » resulting in a penstock with  « 
constant diameter, is applicable as “long the 
 penstock per ton is constant irrespective of the variation of the diameters; 
and (2) the top : section | of the ‘penstock does not require a minimum thick- 
ness, imposed either for practical "reasons or virtue” of danger of 
i Let AL be a short length of the pipe, | with an internal diameter, D, 
te the total head, H. With a circumferential stress, s, the thickness 
the shell (using the simple « cylinder formula) 

0. 434 HD x12 


t = 


assume me that the pipe forms a cone with small angle, 26 at 
the summit. ‘Using the symbol, Da, to average diameter, 

of the pipe with e length, A L, is: 


Lt XALX0O. 434 x constant com 


ia which w = the weight of ‘steel, in ‘pounds | per er cubic Hei 490). “tl wi 
The loss of head, due to friction, is given by: 


Angle a does not appear in een (65) and this means that the loss q 
of head in the two cases (constant diameter and decreasing diameter) is ; 
the ‘same. . However, the weight of the pipe, according to Equation (64), 

becomes a minimum when = 1 . The diameter, therefore, should 


“mining the authors? in cases where the 
hess of the top ‘section of the penstock is not determined by stress con- 
> omh or when a special type of pipe is used in the ‘bottom section (such 

88 forged or banded pipe) which has the effect of increasing unit cost 


then the diameters of the penstock, to be the most 
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Cer tocks are the basis of 

== the determination of “the design head, 


including water-hammer, needs to of 


y 


a paper on hi high- head penstock design presented in 1933 contains a a 


proposal to increase the diameters toward the power house,” in n order to 
the considerably _ inereased surge in the second positive period, 


Which» is sometimes as great as 200% of the primary surge, due to reflec 
tions a at changes of. diameters the thicknesses. This proposal, fortunately, 
“4 has not been adopted, as it is based on an For pen- 


stocks with decreasing diameters : and which are designed to take > extents 
ss Surge conditions into account, the writer has shown that the “ oat a vs 
times” of ‘the various ‘diameter sections should be exactly ¢ equal and, a 

_ furthermore, that the “transmission- factors” for the surge wave should ie 

> be nearly equal." These two requirements incorporated in 
design of three important high- head penstocks), together with the con- or 


sideration of the influence of of head _ losses, have the economic advantage 

oof reducing the absolute maximum surge to values either equal to, or 
slightly greater than, the primary surge. 


a 


such a penstock design with ‘limitations, — surge ge condi- 
tions, it becomes almost impossible to determine the best diameters by % 
_ analytic m methods. — For the aforementioned penstocks, the writer d developed 2 

direct graphical method without the use of “cut and try” methods, 

The authors based their analysis on minimum total annual cost. This 
ssumption corresponds” to a situation in which funds for investment 
the project are limited only by the necessity of making the project as — 4 
» attractive possible. ‘From an economic point: of view, it would be 
justifiable to go beyond the point of minimum total yearly | eost to a speean 3 
to the where funds for investment are unlimited, pro- 


vided the return on each dollar invested will equal o or exceed a 


penstodks are designed on 1 the basis of “output. Tn certain cases, 


becomes necessary to base the analysis on “capacity” and ‘according to 
the prevailing conditions , both output and capacity must be taken into 


from the foregoing that too much h refinement of analytical 
~ methods is not warranted, and that all such computations should be weed, 


combined with sound judgment, to arrive at the best solution. 


i 


“High Head Penstock De sign,” by A. W. K. Billings, M. Soc. Cc. B., 0. 
Dodkin, F. Knapp, and A. Santos, Jr.. Assoc. M. Am. Soe. C. E.. “Symposium on Water- 
Hammer, ” Hydraulic Division, A. 8. M. E., Power Division, Am. Soc. C. E., 1933. ee 
2 “Simple Graphical Solution for Pressure Rise in Pipes and Pump Discharge Lines,” 
- R. W. Augus, Froceedings, ‘Ihe Eng. Inst. of Cunada, 1935, Vol. 1s, p. 72; discussion 


by F. Knapp, p. 267. 
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-OWELL, 33 Am. Cc. E by letter).—In ‘their “Syn- 
opsis” the auth state” that their. formulas differ from those heretofore 
“published in three particulars. The writer believes that Items (b) and ee 
(c) constitute worth while improvements, although in the case of Item (c) a 
it may be noted that where a hydro- electric plant is operated at low load > 
factor, it is usually to supply “peak power” which would be more valeahle, 
that the | product, in E quation (11), may be fairly constant after a all. 
owever the authors’ form would be useful if it were adapted (as it ae 
could be) to the case of the economic diameter of a pipe through which 
3s to be pumped. If the use were not continuous, “the economie 
diameter would certainly be somewhat less than for continuous operation 
L. Doolittle," Am. Soe. C. E., well as Will villiam P. Creager 


There are giving the ss same ‘power factor, 
= will yield quite different values of f. For instance, "suppose a 
straight line varying from maximum to zero, and a eurve the ordinates 
4 of hick _vary as one plus the cosine of an angle from 0 to 180 degrees. 
Both give 500, but the first gives f = 0.250 and the second, f 
; = 0.125 (if 3 is used as the exponent of Q. If 29 is used, as the authors 


have done, f = 0. 256 and 0.134, respectively. ‘These correspond — to Curves 


and B of Fig. 1). jut 


economic ie design, and whether it would not be better to assume that fric- _ 
tion losses vary as as ‘the square of the v velocity. This statement represents 
change in opinion, because in 1927 the writer proposed a formula” based 
on the Hazen-Williams formula for pipe friction. This gave an exponent 
0.146 which is to the 6.85 root in Equation (11) as com-— 
‘ - pared to 6.9 given | by the authors, and 7 by the simpler theory now pro- 
posed. This was before Mr. Scobey published his formula. — Four o or five 
i years later, the writer would undoubtedly have followed Mr. Scobey, as _ 4 
the | authors have done: but in the last few years additional light has been =) 


thrown on frictional losses at high Reynolds’ numbers by J. Nikuradse,” 

a. Assoc. Prof. of Mechanics, Ohio State Untv.. Columbus, Oblo, 
ge ““Economic Diameter of Pipe Lines”, Engineering News-Record, Vol. %, March | 24, 


 ®“Strémungsgesetze in rauhen Réhren”, von J. Nikuradse, Verein Deutscher 1 
Forechungsheft, No. 361, 1933. 
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the 
nite very clearly that the annual cost of the lost power will vary as the average 4 ae 
“ae of the cubes of the various flows; he drew a duration curve and another | * Tg 
tk curve obtained by cubing the ordinates of the duration curve; and showed _ = chy % 
ois : that f is the cube root of the ratio of the average ordinate of the latter mr | ae & 
eurve to its maximum ordinate. It seems that this is the only satisfactory 
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124 ON ECONOMIC DIAMETER OF STEEL -PENSTOCKS 
L. Streeter, ‘Jun. Soe. ©. E, Schlichting,” and others. hese 


data have been summarized — by Mr “Streeter Hunter 
‘Rouse, Assoc. M. Am. Soc. C. E.* Fig 


in 
2 in Mr. Streeter’s paper, and 


Fig. 10 of Mr. Rouse, give Nikuradse’s results. The lowest curve, 
a roughness of —— of the radius of the pipe, would seem 
to. be “suitable for most steel penstocks. At any rate plotting Weisbach’s Th 


eems 


- 4 to agree with this curve as well as with his own equation. Attention i 
especially called to Runs 65, 66 and 312 of his paper which show a definite 
tendency of Weisbach’s f to. increase the r region ‘Reynolds’ number 


from Seobey’s- original data against the Reynolds’ number, it s 


_ of approximately 1000000, just as it does in Nikuradse’s lower curve. — (Of : 

course, various types of -Tiveting, age of pipe, etc., will give a Series 

of curves, some lower ‘and some higher, with their minimum points at ‘some- 
what different Reynolds’ numbers.) 
If Nikuradse | is correct” Streeter and Schlichting have confirmed 

his work), the correct exponent “of velocity to give the friction head 
in a typical large steel pipe welll vary from 1.75 for Reynolds’ numbers 


between about 4000 and 50 000; then it would increase to 2.00 at about 
200000, and to 2.10 at about 300000; decrease to 2.00 at about 1000000; 
and remain constant for higher values. It would seem, therefore, that e. 
for: the Reynolds’ numbers usually encountered in a -penstock, 2 would be 
as good a value to use as any. _ This would change Equation (11) to the 
‘Seventh root, ‘Equations (32) a1 and (33) to the sixth ‘Toot, and would ‘greatly 
a should perhaps be re-emphasized that Equations (11) to (27) apply q 
te high heads where the “necessary thickness varies directly as the product 
» of the head and diameter ; and Equations (32) and (33) to the alent 
equally important case of low head in which the thickness of the shell is % 
independent of both the head and the diameter. — The writer must confess — 
that he has never studied thoroughly the design of large pipe lines,” but es 
raises the question | as to. whether there is not a third case be con- 
sidered—that in which the maximum . shear in the pipe shell, considered — 
as a heen: ella the thickness so that it will be independent of the 


The writer does not wish these remarks to be as adverse criticism 


> a 


4 
done in a careful and thorough manner. He is that 
ns senior author cannot participate in the discussion of the points herein. 
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“Frictional Resistance in Artificially Roughened Pipe”, by Streeter, ‘ 
Am. Soc. Cc. E., Vol. 101 (1936), pp. 681-7138. 


- 4 Ingenieur-Archiv, Band Vil, 
% “Modern Conceptions of the Mechanics of Fluid Turbulence”, by Hunter Rouse, 
‘Transactions, Am. Soc. C. E., Vol. 102 (1937), p. 463. 
‘Design of Pipe Lines”, by Herman Schorer, Assoc. M. Am. Soc. C. E. 
Transactions, Am. Soc. C. E., Vol. 98 (1933), pp. 101-191 ; and “Line Load Action o ; 

| Thin Cylindrical Shells”, by Herman Schorer, Transactions, Am. Soc. C. E., Vol. ‘ 
(1986), pp. 767-810. 


¢ 


a 
«| 
tm 
i 
yal 
= 
va 
q 
—— 
| 
| 
= 
| 7 
| 
— 


rience or sounder en; ineerin; jud ment. 
‘Barrows,!? 40 M. Am. Soc. C. E. (by letter —The formulas 

authors are of interest, and are novel certain respects. 
The use of the Scobey formula for friction head loss, involving, as it does, 
special exponential values for V and D other than the square and first 
powers, respectively, causes Equation (11) to make the economic diameter — 
vary as the whereas if the simpler formula for friction head 


is used, this becomes it; It seems questionable whether the use of 


the Scobey formula is. preferable ‘under the « circumstances. 


‘Furthermore, the introduction of entrance losses, bend losses, com- 
‘monly m minor effect, could well be avoided, for the sake of 
without appreciable effect upon results. The use of a loss factor to take 
account of load factor i is logical and warrants further study and determina- 


tions of such factors. ‘The writer has found the formula,* 


as a basis for further “detailed assuming 
different sizes, determining annual cost (of pipe plus value of pow lost), = 
and plotting total yearly cost against diameter. 


In Equation (67), in addition to the notation of the paper: 
value of power, in dollars per theoretical horse-power per year; as = speed = 
age discharge, or ‘maximum discharge, times ‘a capacity factor; s= unit 
Stress value of steel; and K’ = friction factor in the formula, pond 
lines” are considered, if wheel units are operated by number and 
gate for” best results. For. long” single the correct discharge 
would be more nearly the maximum discharge times the square of the ; 


Prof., Hydr. Eng., Mass. Inst. Tech., and Cons. Engr., Boston, Mass. 
“Water Power Engineering”, by H. K. Barrows, 1934 Edition, p. 357. 
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— Many years ago he had the privilege of working for some weeks 
he the same room as Mr. Voetsch and under his immediate supervision. 

ter wanne engineer conld ask for more kindly chief. or one with wider : 
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stocks, the one for concrete follows: 


Nr (0.00 a, + aH 
ida which, in addition to the notation of the paper: ap = cost of numa - 
_ dollars per cubic yard; p = ratio of cross-sectional steel | area of longitudinal 
~ steel to that of concrete. in the same e plane; ; ds = cost of steel reinforce 
a. ment, in dollars per pound; and, s¢ = allowable stress in hoop steel, in 
pounds per square inch. The quantity in parenthesis includes the effect 
of concrete cost, longitudinal steel, and hoop steel, respectively. 
in 


* which, a» = cost of steel iin in dollars per pound; and aw = pee 


of wood staves, in dollars per board-foot. 


_Equation (67) for steel pipes is simple enough to be useful; but Equa- 4 
tions (69) and (70) are somewhat long and involved in use, and the 


- writer prefers, i in general, to determine the best size of penstock by curves ; 
rather than by formula, as this enables 1 special items 
other of pipe alone, to be included. 
x (by letter).— The of of determining ‘the 
economic: diameter of penstocks has been presented | in an “interesting and 


valuable r manner in this paper, and the authors have expressed the results in ¥ 


, In the investigation the head, H, is defined as “ the average head, on the 
-penstock, including water-hammer effect, in feet”, but the water-hammer 


itself may have an important influence on the size of - the pipe, and the pres- ae 


_ sure rise due to this effect may be so large as to make ‘Equation (6) inaccu- 
rate. A few years ago the writer was making some studies with a model 
pipe Ti line having a glass surge tank . The top of this tank was open, was 
above the forebay level, and was tested. and found to be amply strong for 
_ pressures produced by the static head in it. On several occasions, however, 
the glass surge | tank was broken by a quick closure of the turbine gate, al- 
1 though n no water came over. the » top of the tank, and a carefully made indi- 
- eator showed pressures at its base much in excess of those due to the height 
Of course, it is well known that under conditions, the water- 
hammer pressure rise, in feet, may be about 100 times the velocity dissipated, 


and also >» that thes e bad conditions may readily occur in a long penstock or ce 


24 pipe. For a Sessa if a pipe is 6 000 ft long, the foregoing pressure rise se will 


- @ “Water Power Engineering”, by H. K. Barrows, 1934 Edition, p. 358. as 
prof. of Eng., Univ. Toronto, Toronto, Ont., Canada. 


— 


~ 


— 
ill 
= aNaus ON ECONOMIC DIAMETER OF STEEL PENSTOCKS 

ow 
j 
— 
3 
— 
val 

tu 
+ 

— h 
ay 
al 

| 

— 

— 
— 
— | 

4 

— | 

— 
— 
— 


1 period of 4 sec, or less, a —— of time — 
easily within the operation range of a governor; and if the pipe is under a t 
low head of perhaps 100 ft and has its velocity of, say, 4 ft per sec dissipated, a 
the pressure from the 1e resulting water-h hammer will be five times the normal a ai - 

=. Recently, a a case came to the writer’s attention, in which two pipes on 
es to each other from the side of a reservoir and were joined at their — 


yalves were pedir a static head of 66 ft, one valve | open and the e other 

a ied at the time. Each pipe also had a turbine connected near its lower Bs, 
end, one which was: shut down, and the other running. The operating 


“sudden”, closure of the ome 


the we pressure rise was sufficient to break the closed valve that was 
near the reservoir. An examination suggested that the resulting pressure 


nore than twice the static head of 66 ft. 


t would appear desirable and necessary, therefore, to include the water 


“ the fact that the pressure 1 rise e due to : this Foor may y be so ies arriv ‘ed at 
po graphically,“ even in fairly complicated systems, it would seem n that it should 


hi M. H. Fresen,‘* Assoc. M. Am. Soc. C. E. (by letter) —The discussions 
which have been presented, contain much valuable information and con- 

Economie Diameter Using 19 Weisbach Formula for Friction Loss. 3.—Mr. 

i Monroe and Professors Powell and Barrows prefer to use the W eisbach (also ’ 
sometimes called Darey or Chezy) formula for head lost in friction in con- iq 
duits. x Since the paper was ‘prepared, friction factors (Table 6) for use in 


the Wi cisbach have been made For this reason 


may be similarly to Equation (5) as: x 


iva ee Soke Graphical Solution for Pressure Rise in Pipes and Pump Discharge Lines”, | 
‘‘ Robert W. Angus, Journal, Eng. Inst. of Canada, February, 1935; also, “ Water- Hammer a 
i Pipes, Including Those Supplied by Centrifugal Pumps; Graphical Treatment ", 

W. Angus, Proceedings, Inst. of Mech. Engrs., 1937. 


Associate Engr., U. S. Bureau of Reclamation, Colo. 
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ua- _among others,’ A. W. K. Billings, M. Am. Soc. C. E., has shown that the 
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for Using the Weisbach formula for fricti# (Equation (68) quoted 

In whie equals the friction Ic isbac ormuis. 
hich K’ Is the frict ] isbach f 
— 
or 
| 


In Equation (72) let 93. 54 =@ ‘which for G in 
D* 
which M, the values given by Equations 
(23d), respectively. Letting 7, Equation (73) becomes: 
or in terms of the factors involved, = 


diameter considering the he ad, AH, is: 


of the paper is used. For greater (75) (with 
=7 and y = 6) can be for D by a trial-and- error method. 
Considering the shell thickness, t, the following equation is derived 


ef b (93.04 K’ L, + 74.83 Kr) (76 


approximately. "Equation (76) corresponds to Equation (83) ) of the paper 


ao ei 


(31) (with G’ substituted for G and 7 
and y = 6) can be solved for D by a wer -error method. os oan 


“TABLE 6.—FricTion Factor, yor Uss n 


Full- | Continuous|} Continuous 


pipe pipe || n 


0.0392 0.0340 5000 | 0.0169 
0.0314 | 0.0256 7 10000 X 108 0.0154 


= 


0.0285 0.0225 50000 X 103 | 0.0130 
10 0.0328 0.0170 100000 X 108 | 0.0122 


Based on a study reported in 1936," selected a average friction factors (as 


read from a a chart) for use i in the Weisbach formula, Equation (68), are given 


Friction Coefficients of Continuous Interior and Riveted Steel Pipes,” by M. B. 
Karelitz and F. M. Watkins, 7'echnical Memorandum No. 521, U. S. Bureau of Reclamation, # 
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‘The first derivative of Equation (71) with respect t to De 
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0.0082 
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ban 


“for full- riveted 


= 0.0043 + —— 


. in Table 6, Colun umn s (3) and (4), correspon ae to the recommended e equations: 


4 


ee water at 15 °C (59°F) F), 


Ae 
Nomogram Solution of ‘Diener nomogram, Fig. 2 
“presented by Mr. Lewin for solving Equations (47), (48), or (49) for the oo 
nomic diameter, D, directly, constitutes a valuable addition to the paper. | 


— To use Fig. 2, the maximum discharge, Q, and the head, H, for shell ayer .- 


- unity load factor and wsity loss factor. For: a smaller load factor and a 
factor, the diameter may be read from Fig. 2 (scale for Equation (48)), and 
— corrected by the ratios given in Table 1, Columns (1) a and (2). . Similarly, 
- Fig. 2 and Table 1 (preferably ‘plotted in logarithmic curve form) may be ye used 
4 to estimate the diameters for assumptions other than those on which Equation _ 
(48) is based. It should be noted that Fig. 2 ; cannot be used to determine the — 
diameter, D, when the head, H, allowable stress, 89, give a smaller penstock 


; being followed in the design . For r such cases, Equation (33) should be used. _ 
= Economic Diameters, in Terms | of Head, and Shell | Thickness.—For exactly — 
: corresponding assumptions, the economic diameter of a steel penstock in terms 
% the head, H, is about 11% less than the economic diameter obtained when 
the shell thickness, t, corresponding to H from Equation (6) is used. At first 
3 thought this may appear to be inconsistent and incorrect. Fig. 6 has been 
_ prepared to show that such results are correct, and will be obtained whether the 
- economic diameters are found from diameter-total annual cost curv es similar 
to Fig. 6, or from solving Equations (27) and (33). 
Fig. 6 is based on the following assumptions: Q = 1000 cu ft per sec; 
 K, = 0.84; e = 0.85; f = 0.20 (corresponding approximately to a load factor, 
Be of about 50%); 6 = $0.003 per kw-hr; s, = 15 000 lb per sq in.; e; = 0.80; 
—@= $0.11 per lb; r = 0.07; and i = 0.15. In this example, the following pre 
results are obtained: (a) From Fig. 6, Curve E, for a head, H, of 100 ft, the 
economic diameter is found to be 10.36 ft; (b) Nein Equation (6), the thickness : 
; adits to a head of 100 ft is ¢ = = 0. 225 in.; a from Fig. 6, 
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5 om the shape of the load curve, and the corresponding value of the loss factor, f, ae 

of Thee vary more widely than the other factors in Equations (11) or (27), the — 
2 | 

y 

— 
— 
ite 
— 
— 
— 
q 


_FRESEN ON ECONOMIC DIAMETER OF STEEL PENSTOCKS 
hy. 


Curve D, a thickness, t, of 0.225 in., the ec: economic is found to 
ft; (d) substituting the foregoing values in Equation (27), and 
as solving, D = 10.36 ft for a head of 100 ft, w hich agrees with Item (a); @ 


similarly, solving Equation (33), DD. = 11.66 ft for a shell thickness of 0.225 j in., 


with (c); Ttem (c) ~ 0.889 389 (or, 


_ general, the ec economic diamatet ofa penstock in terms of head is about 11% heat 
than the economic diameter obtained when the corresponding shell thickness is — 
* used); and (g) the result of Item (f) may also be verified algebraically bya 
_ study of Equations (6), (27), and (33), and reference to Table 1. oe ke 
For corresponding assumptions the results obtained, using the equations, 
are identical with those determined from a detailed analysis. _ For all ordinary — 


- problems: the writer believes an n appreciable saving of time will result from using 


equations of the paper, compared to a detailed analy jis. 
- Miscellaneous.—Mr. Lewin states that the analysis of the paper is “limited _ 
“ni to uniform (that i is, horizontal) penstocks. + He also ¢ questions “whether the 4% 
diameters of penstocks situated immediatel y down ‘stream from the dam e 
ean be found by the analyses suggested in the paper.” The writer assumes ; 
that Mr. Lewin refers to Equations (11) and (27) for computing D in terms 
of the head, for a penstock line of constant diameter. Neither of Mr. Lewin’s 7 
statements applies as long as the following conditions are fulfilled: (a) The cost | 
_ of the penstock per pound i is constant irrespective of the variation of ‘the diam-— 
~ eters; (b) the top section of the penstock does not. require an minimum thick- 
“ness, imposed either f for practical reasons or in virtue of danger o of collapse; ee 
and (c) the. av erage Ww weighted head used in the equations is a true numerical a 
function of the weight of the steel (and, therefore, of the cost) for the penstock, — 
profile, and water- hammer conditions under consideration. Conditions (a) 
(b) are are limitations explained by Mr. Knapp. 
_ _ Equations (51a) to (61), inclusive, given by Mr. Lewin, are interesting, — 
but the writer doubts whether the average engineer would have the patience 
to attempt to apply them. The writer believes it would be more practicable 


to use Equation (33), applying the method d suggested in in the paragraph im- — } 


_ Messrs. Santos and Knapp, and Professor Angus discuss water- hammer as 

affecting penstock design. In addition to the | Footnote References (30, 44) 

given by them, several recent papers‘: # on water-hammer may be of interest 

to those who sith to pursue this phase of the problem further. 

Messrs. ‘Santos Knapp very properly point out that too much 


in the paper should be reduced to four at the most, probably three being all ye 


Papers relating to water-hammer phenomena in pipe lines, by Lorenzo Allievi, 

F. Knapp, R. T. Knapp, J. N. Le Conte, O. Schnyder, B. B. and 
W ood, Transactions, Am. Soc. M. E., November, 1937, Vol. 59, No. 8. 

“ ‘Water-Hammer Pressures in and Branched Pipes,” by W. 
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paper to a problem involving the present value of a saving in the future. This 
is a phase of the problem in economies which should receive adequate attention. ; 
As mentioned by Messrs. Bier and Lewin, and by Professor Powell, it should _ 


be emphasized that Equations (11) and (27) apply to high heads where the _ 
necessary shell thickness varies directly as the product of the head and diam- 


| 


Foot of Penstock — 


Dy = 11.66 Ft for ¢= 0.225 


7 


rs pe 


B- Penstock Steel f 
eat 


| 


Annual Cost, in Dolla 
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eter; and mpor 


thickness of the shell is independent of the head, and for small penstocks, — 


a s of steel plates is dis 


mulas of the 


— 
18, D- Total Annual Cost (¢=0.225In.)) ten — 
| | | | pe — 
— 
— 
I] § Fig. 6 and the example given by Mr. Bier show that the equations oF Me™ — 
paper and a detailed anaivsis give the same results if the same basic data are “a 
— 
— 
Publication No. D15, December, 1936. This recent report gives much valuable data on 
— 


factor from Fig. 1 for of load factor. Since no one can |? 
predict. positively in . advance the exact shape and magnitude of a load curve bs 
; 4 for a projected plant, it is probable that values of loss factor estimated from _ 


Fig. 1 are as reliable as those computed by the more accurate method given in 
the paper, ‘and similar methods mentioned by Mr. Lewin and Professor Powell. 
‘ag In conclusion, the writer wishes to thank those who have contributed dis- 4 
cussions, and heniee have added considerably to the value of the paper. The 
writer appreciates in particular the tribute to Mr. _Voetsch’ expressed by 
Professor Powell, and shares in his sorrow that the senior author cannot partici- + 
ate in this ah eoate discussion, and enrich it from the wide experience he _ 
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DAMS ‘AND. BUTTRE 


By I. AM. Soc. | 


Srxorsts 


up- up- stream faces, thus dividing the into two or ‘more 
= 
Bc other cases these cracks are purely local and extend only a short distance from i 
_ the gallery into the main part of the dam. — Both these types: of eracks can be — a 


observed on the faces of buttresses. 
_ The stresses which occur around these openings are due to volumetric 
changes arising from shrinkage, temperature, ete. , and to water and mass loads. a 
An attempt is made in this paper to ) analyze” the stresses 23 around a circular — 
opening caused by water and mass loads, 
“td Notation. —In | the notation introduced herein (see Appendix I) an effort © 
has been made to conform to ‘the American Standard Symbols for Mechanics, 


‘Structural and Materials’, by a Committee of 


_ ip in n 1932. 


é distance from the are essentially the 
‘same as if there were no hole. A case that has been investigated to some — 


Nore.—This was published in November, 1936, Proceedings. 
ral sar: 1 Asst. Engr., S. Bureau of Reclamation, Denver, ies a 


—§“Photo- Elasticity” 


Press, — 


— 
om 
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- — 
a ia 
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the presence of drainage or inspection galleries which are parallel or trans- 
a ey yerse to the axis of the dam. Some observers have stated that these cracks ee ee 
— 
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Both theory and experiment® have shown that, in a large body, the effect 
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STRESSES IN CIRCULAR HOLES DAMS 


on Section AA of Fig. is given by, Wed 


24 


Te 


year’ 


in which s = the total load div ided | by the gross area of the bar; rn, = the 
radius | of the hole in the bar; and p p = radial distance from center of hole. 
—¥ As p increases snz approaches s. In the immediate vicinity of the hole, how- _ 
ever, the stresses are larger than — calculated as if no hole existed ; and 


or buttresses are not always circular the state — 

may be examined on the assumption that they 
- nad are circular. In the analysis which follows the usual assumptions of homo- bs 
geneity, elastic behavior, and the applicability of Hooke’ 3 law, are made. 

_ angular dams and buttresses subjected to hydrostatic loadings are usually 
-- ¥ designed on the assumption that the normal stresses, sn, on a section are dis- 


linearly (see Fig. 2) and are given by, sig 


- in which p = pressure at a unit distance measured from O ) along the up-stream > 


_ face (Fig. 2); K = a substitution f factor = = tan rte ef) = the angle between 
the battered faces ‘of a dam ; and x and y are eathable: ‘distances measured 


n the x- and Y- directions, respectively. shear “stresses, Fig. 2), 
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*“Theory of Elasticity”, by 8. Timoshenko, 
— 


the ‘equations of 


By 


squations of equilibrium, the stresses, » 8a, Sy, and ss. are defined as follows: 
a 


vin which, F, the Airy stress function, is given by the following: 
A solution of Equation (7 b that satisfies all boundary conditions mn 


igen dam section loaded as = shown i in Fig. 2 is: 


a “ 
from which ‘the stresses by Equation (6) are haet to be: 4 


Py .(9e) 


the origin bel ‘co-ordinates to Zo, ig. 3(a)), using» 
- polar co-ordinates, the stresses acting on a particle bounded by the ares of two 
concentric ¢ circles and by two radial lines (Fig. 3(b)) are given by: 
sin + 6 K yo sin 9 + 3 psin 34 
}cos 6 + cos 2 6 
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STRE SSES IN CIRCU L AR HOL ES IN DAMS a 
= 


Ks) sin 6 +1 6 1 to — 


“2 
0+ 3pcosd— 6K 3 pcos3 


sin 3 


p cost + cos" ) p sin’ + yo sin® 6 } 


2 p sin® 6 cos 6 +. 2 Yo sin 0 


d to be 
inserting p = To in ‘Equations (10) and (11). If, now, (inner 
wales is the radius of the circular opening, then i in | accordance with the 


assumption that the stresses | on the boundary, p = 
hole existed, the problem reduoe to the of an ring 


An co 13a) “4 


— 
CU, 
— 
| 
; 
—— — 
— 


TRESSES IN CIRCULAR HOLES IN DAMS > 


which = = the radial stress for a To; So = the radial stress 


radius, Ti; Sso = the shear stress for a radius, To; 8 = = the shear stress 
a radius, and Ao, Co, An, Bn, Cn, and Dn are defined as: 


K? 
= (K O43 = 


i 


__ The annular ting, given in n Appendix II, results in the 


‘M, cos M,sin 0) (2 _ 


te. 
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q 
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im 
— 
— 
iii 
— 
cos 3 Ms sin 3 6)(— 2 + 
(1 +3) tn ¢ 08 + M, sin (3 — 
— 


a 


M, sin 3 0 — M, cos38). 


(4% 3 
_ 

in which M,= 


GD, (16), and (177) suffice for the of the prin- 
cipal stresses near the opening. ‘The hoop stresses may be determined ™ 


(16) using p= Th and results in, 

= 2. + 4 Th 6 + sin 0) A, cos 20 + By sin 8) 

Th cos 3 M, sin 3 6).. de: (18), 

Srresses Due To Mass q 

= equations of equilibrium of a particle (Fig. 3(b)) under the 


28, cos (6 — 8) = 0 


| 


in which = the weight per unit volume; and pB=t the angle the 
direction of gravity and the X-axis. 
if the stresses are now defined eke 


2 (2") oF (200), 


_ the equations of equlibrium and the compatibility resulting from Hooke’s law in 
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a STRESSES IN CIRCULAR HOLES IN —_ 
| 
It will be found that the Airy function, to ‘mass and 
the conditions a triangular section is given 


s (20), the 
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STRESSES IN CIRCULAR HOLES IN DAMS 

_ The stresses given in » Equations (23), (24), and (98) may be broken into 


a 


‘we separate stress systems each of which are compatible satisfy 


tion (21). Let sp = (sp): + (se) + and ss = (se): + 
The defined by the or the stresses in System Il, 


= p cos — sin 0..... 


The stresses of System I are then determined (sp)1 ai 


Duet to I.—From this system, 
| 


A, = D, = a + C2 ke 


4 


‘Using Equation (43), the state of stress around he 
to Ti is described by the following: 
- 26 - sin 2 0) | at 1 
a 
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20 + Bin 20) (3% 


= 


a)” 


a: 
1+ Coke 


4 
sin 36 — ( + — 
al. 


Substituting p = ™ in Equation (29) the stress es a 


Ci + ‘gic 
A, cos” 26+ 2 sin 


4 stresses hold the of a solid disk of ‘radius in n equilibrium, = 
ieee the stresses of System I give a zero resultant on the circumference, — 
ps To. Consider an annular disk “of the outer radius, To, and the inner 
— ri, ‘subjected to gravity forces. If all the stresses on the radius, rj are 
mero, the resultant of all the forces on the radius, Tos must be equal to the 


weight of the e disk. If System II is to be applied to an annular dik, ° Biel 


renlting i in a modified System II given 


= | Ls p cos 6’; (s,)n = 0; and 


= 
nto. 7 | 4 Doe 
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oO ff 
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‘Airy function, F, may be written this system: me: 


(84a) 


= by = = 0; and, for p = (2 : cos 6; and, 


hoop stresses due to. II COs 6. These stresses 
must be added to those of System I to describe the complete state of stress due ¢ 


Application.— —The foregoing equations will be applied to the 
of the stresses around a circular hole i in a buttress of a hollow type dam with | 


Clear spacing between buttresses, in or 55 


of opening, 0.02 h, in feet. . 
Weight of water, in pounds per cubic foot. . 


Weight of "concrete, in pounds per ¢ cubic foot... 

of the. of the opening is given by to = = 0. 5h, and 

Yo = = 0.2h. _ From the spacing, thickness, and up-stream slope of the buttress, 


= 0.27 p. follows that: = tan a= = 1. 864; K, = cota = 0. 5365; and, 


"esses ‘Water Load. —Using Equations ao ihe is 


= — 0.05757 ph = + 0.4657 


Substitutin ng i in ‘Equation (18) due to water load are: 


pi — 0.4178 - 01424 cos — 1.16 cos 26 — 0.03726 cos 
0.006177 sin + 0.2308 sin 26 + 0.006177 sin 


— 


gu 


— 


= 


4 
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Ss IN 

Due to Mass. —lIet = 


= 0. 6601 From 


“cos = 0.7481 ¢; and, = sin 
Equations (27): (Ag = 0.1616 ¢ h; 


= — 0.02780 ch; 


0.3232 + 0.02204 cos @ + 0.1112 cos $ 


sin 6 + 0.2872 sin 29 — 0. 01305 


“Combining ‘Equations (35) and (36) the streses” duc due to water and 


mass are, when e = 0.27 as follows: 


— = 0.008% 29 cos 6 — 1.13 cos 29 — — 0.03906. cos 30 


— 0. 00249 sin + 


cia 
| 


0.3078 sin 26 + 0.00249 


sin wo]. 


TABLE 1- 1.—Hoop Stresses Due to ComBinep Mass AND Waren Loa Ds 


‘$094 ph 


6. 3583 ph 
+0. 
—0 .2438 


Unit stress, in 
pounds per square 


| 


4 


stresses are plotted in ‘Fig. 


Table 1. Maximum tensile stresses exist in the neighborhood of 


595 
| 
4 


| x 0.000622 


cag These s stresses are plotted i in Fig. 5 


steel the area under t th 


Unit stress, in 
pounds persquare 


pho 


and the unit stresses are” given in 


p .?t 
h 


+03 


Si Me determine the total tension which must be taken by the ‘reinforcing , 


ie curve of Fig. 5 ad be determined, or the - — = 


Total tension = | 


a — 
— 
36 — 
> 
and, 
a 
SSeS. 
190 | -—1.5877ph | —1221 
4 
240 | +0. +226 — 
— 
— 
3 
ag 
4 
re: 


IN CIRCULAR HOLES IN DA 

in which 8» as given by 1 Equation (38) is to be inserted in Equation (39). The 

limit is determined by ‘an examination of Fig. 5. Performing the inte- 
gration: | Total tension = phrna [—0.2525 (2.1) — 0.000622 (8.295) + 0.2895 
436 0. 000622 (— 3.1794)] = = 68 988 Tb. . Using an average stress of 


© whim, 


q 


Values of ph 


i. 4,—sg STRESSES DuE TO 5.—VaRIaTION (OF 8% STRESS ALONG SECTION 


18 000 Ib per sq in., the area of steel required is = 3.83 in.” ie Spac- 


- 
ing of is easily determined a of Fig 5. 


4 


as derived in enable the deter 

—_ around openings in dams and buttresses where tensile stresses may 
exist. Stress trajectories may also be determined by use of these equations. 
Furthermore, , an estimate may be obtained of the reinforcement needed to 


take care of such tensile stress. In the case of gravity dams these equations 


at 
-APPENDIXI ol 


has been made nearly as with “Symbols 
Mechanics, Structural Engineering, ar and “Testing Materials”, advanced by the 
Standards Association.’ Symbols used simply as general mathe- 
_ matical coefficients : are not included in the list, their definitions being given 

clearly in the text. . Where such coefficients conflict ‘with symbols : also 


45 


in the paper (such as ¢ = mass), the distinction i is explained at each point. 4 
=aconstant; 

@ = weight per unit volume; 


the Airy stress 
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substitution factor defined by Equations (47d) and (4m), 
a substitution factor defined by. Equation (46b), Appendix Tl; 
the gravity constant; also, where so indicated, gn = a substi- = 
factor defined by Equations (47e) and (471), -Appen- 
= height; also, where so cubstitution factor 
defined by Equations (47f) and (47j), Appendix 
a substitution factor defined by . Equation (47c), Appendix | I; 
tan = a substitution factor; 


M, 
Ms (48), (49), (60), Append 1); 
= on abstract number; 4 
unit, hydrostatic water pressure; 4 


the ratio, — 
p= radius of a circle, as distinct from the polar co- co-ordinate | dis- 
tance, p; = radius of a circular hole; r; = the inner 
oe radius of an annular ring; ro = outer radius of an annular 


a 4 -s = unit stress in general; ; in particular, s = total axial load — 


divided by gross area; = normal stress; = shear stress; 
| z= = stress in an X- direction; sy = stress in a Y- 
i “a = stress in a radial plane; s, = stress perpendicular to a 
radial plane at any angle, 6; s; = stresses defined as | belong- 
a to System 7 = stresse  defin fined a belon ng to a 
at Ing _to System 1; sx = stresses de ging to 
distance measured in an X-direction; = the z-co-ordinate of 


_y = distance measured in a Y. -direction; Yo = the y-co-ordinate of 
angle between the battered faces of a d 
angular distance; a polar co-ordinate; al lit 
a radial distance; polar co-ordinate; 


ll 


| annular ring radius, Tos inner “subjected to the 
a boundary stresses as given by Equations (13) can best be studied by use of Y 

Airy’s function in polar co- -ordinates. _ Corresponding to Equation (7) 


ag cartesian ¢ co- -ordinates, there is a ‘similar. equation in polar co-ordinates: 
| 
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solution® of Equation (40) is: 


6 d, p* + pt + dy p 


A 


in which dn, cn, and dn are mathematical constants. In order that the 
‘stress distribution be single valued, to = de 


{ and in order to satisfy the boundary conditions imposed by Equations (13): J 


B, = — it ‘follows an = = 0. 


that the remaining ‘constants are given by, 


A,r 


&“Theory of Elasticity’, S. Timoshenko, p. 114 


_ &“Photo- varie by E. G. Coker and L. N. G. Filon, 1931, pp. 374 et 8 


= 
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— 
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— 
= 
— all 
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— 
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When n is equal to, or greater than, 2 


al 

ee 


— n n n n 


— 
40) 
41) 4 
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are to be. as listed i in Table 2. These values can be 


TABLE 2.—List or Factors In (46), IN ihe AND By 


the solution of Equations (45). that a ‘plate is infinite so that 

= 0, $0, can be obtained by the of Equa. 


e result being as follows: — 


cos 8 6+. M, sin 3 


: 


sin 


J 


wile 
26 — 1 
| Ms sin 36 — cos 3 @ ) ....... 


wall 
= 
— 
— 
— | 0 | o con 
sys 
tan 
— ord 
on 

| 

iE 
7 th 
— » | 
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— 
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D. 7 Jun. Am. Soc. ©. E. (by letter).—In « Equa- 
‘tions (28), (29), (30), and (34) for ‘the stresses around a circular hole result- 
- ing from the gravitational a action of a dam, it is observed that the elastic My 
constants of the material are ‘not involved. This is surprising in the light | 
a recent extension by M. A. Biot a theorem by J. 1 H.} Michel?’. 
Be Mi chell’s theorem applies to a two-dimensional stress ‘system in a poor 
pierced by holes, no body forces being present. He showed that in sucha 
fone the ‘stresses: are independent of the » elastic constants only if the resul- 
tant force over each hole vanishes. ¥ This conclusion is found ‘necessary in 
order to assure single-valnedness of the displacements. as 
- Biot has extended Michell’s theorem to the case of gravity, stresses. He 
has shown® that “in a solid two-dimensional homogeneous body the stresses es = 
due to gravity do not depend o on the elasticity constants of the material ; a 
however, in general for a a body with holes. Therefore, a more detailed 
examination of the stresses due to mass is indicated. = 


‘The author has conveniently divided the stresses in the solid rw into” 
two systems. In System I the stresses on any closed boundary produce zero 
resultant force. Hence, the additional | stresses required to remove the normal -~ 
shearing | stresses on the periphery of a circular hole also involve 
- ‘ia force on the hole. No difficulty with many valued displacements > 


nd in dealing with System I, and the author has" found 


~ of the enclosed disk. _ In order to remove the stresses from the periphery of the 


the required stress system a well known 


iz - hole, an additional I stress system must be superposed which yields equal and — 
opposite stresses on the circular boundary. The latter system, then, must 
involve a resultant stress on the hole equal and opposite to the weight of the 
enclosed disk of radius, rn. rr. Therefore, according to Michell’s theorem 
the superimposed system should involve the elastic constants. This was to be 
expected from Biot’s theorem. In fact, the foregoing explanation is simply 


a derivation of Biot’s theorem for the present case. 


if the ¢ elastic constants do not appear in a case where the resultant force 
on an internal boundary does not vanish, then, by Michell’s theorem, the 
displacements resulting from the stresses should be many valued. Further- 
“More, when the internal boundary is closed, as in this case, many- ~valued func- 


‘Instr., Dept. of Civ. Eng., Columbia Univ., New York, N.Y. 
ec * “Distributed Gravity and Temperature Loading in Two-Dimensional Elasticity zn 


by Boundary Pressures and Dislocations”, by M. A. Journal Applied 
Mechanics, Vol. 2, No. 2 (June, 1935), p. 41. ‘ 


*“On the Direct Determination of Stress in an Elastic Solid, with poe Sa to the 7 
Pa" of Plates”, by J. H. Michell, Proceedings, London Math. Soc. Vol. XXXI (1899), 
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tion (39)) which ‘was used to annul the stresses on the boundary, a a 


sti stress given in Equation (50) is known to ‘produce many- 


functions in the dienlecements of the form’, Sin 6; and 
cos 6, respectively, in which Poisson’s ratio. . This was tobe 


_ expected from the preceding analysis, and it may be concluded that the oii 


system represented by Equations (34) is not possible in a continuous elastic 


> 


ois 
oe... obtain the correct system of stress required to remove the stresses on 
periphery of the hole, a bi-harmonic stress function must be found which 
(1) ‘The introduced by the stress function must be single 


The normal | and shearing sti stresses on the 


‘must be equal and opposite to those of System ‘Tl; allt 
— (3) All the stresses introduced by the 2 new function must approach m 


; th order to satisfy | Condition (1) one must combine with Equation (50) 5 


The ed functions, F, and Fs, satisfy Conditi ons and (3), but 

not Condition (2). Le The addition of F, to the system has served to introduee 
_ shearing stresses on the circular boundary (proportional to sin 6), which are 
; not present in System II or in Fy. - Therefore, another function, F,, must be 
_ added, which will remove these shearing stresses without introducing normal 

stresses on the circular boundary other than those proportional to cos 6. 
=f Furthermore, F,; must KT ory (1) and (3). Such a function is 


4, 


F =F, +F,+F,= — p log pcos 

See — of , by S. Timoshenko, p. 
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my : determine the values of the constants it is necessary _— to ealer 
the stresses. Using Equations (20) of the paper, these are found to BB ae 


— 


Condition (2) is expressed by the equation: j 


nt 


in (52) and (57): 


—— cr 


Substituting th these values in ‘Equation, (54) the final stress function becomes: — a 

si plog p cos — “er “1 ¢ 

‘The corresponding stresses are, from Equations (20): 


beat tT ayes of 


ry 1 p) cos @ 


+p 
kaa 


we 


4 
Eque 
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and 
stress 
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Equations (60) express correct stresses for System Ir. of Equa- 
tion (52), Condition (1) is satisfied ; by virtue Equations (57a) and (576), I 
Condition (2) is satisfied ; and an examination of Equations (60) shows 
— that Condition (3) is satisfied. The hoop stresses at the circular “7 4 

are found by substituting p = in 


The foregoing analysis has been made for the case of plane stress, it is 6 | 
approximately applicable , to a buttress if the diameter | of the hole is small in . 
- comparison with its distance from the nearest edge of the buttress, and if , 
_ the thickness of the buttress is small in comparison with the diameter of the 
a, hole. For the ‘ease of a a longitudinal hole in a gravity section the stresses 
should be transformed to the corresponding system for plane strain, = 
Additional references | ‘should be given to the results of previous stress 

~ analyses for - the wedge section. The stress systems represented by Equations — 
~ @) to (12) and (22) to (25), inclusive, are due to M. Levy” and may be | 
. wee a obtained from equations given by Love”. ‘This stress system applies only to 
‘portions of a a dam remote from the base. Hence, in addition to the require 

- ment that the small hole be far from the faces of the dam, it must also be far - ‘a 


a Equations (8) and (22) | are seen to be of the same form, differing only in a 
a the constants associated with the terms of the third degree polynomial. Equa- § 


tion (22) Tepresents the stress which ‘the author has designated as System 
Hence, the additional stress functions, required | to annul the stresses due to ff 
System I on a will be the same as the stress 
Tequired to to annul the stresses on the circular boundary resulting from the 
_ water loading, except for the Therefore, a solution of problem 


the stresses due to mass the problem of 


_ The author is undoubtedly unaware dn a previous solution of this problem ‘ 
_ by G. Nishimura and T. T. Takayama”. Of the two solutions, the writer pre 
fers” that of Mr. Silverman as being far less cumbersome. ‘Very skilfully the 
; - author has applied what mathematicians would call an elegant method and, 

independently, has obtained the solution of an interesting problem. 

CHESLEY J. Posey, 4 Jun. Am. Soc. C. E. (by letter) .—The author is to 
de eo commended for | presenting ‘an analytical proof of the existence of tensile 


~, 


f _ stresses near longitudinal circular holes in concrete gravity dams. The ques- ~ 
of the proper rei inforcement around holes is importan nce in many types 
2 “Sur l’équilibre elastic d'un barrage en a by M. Lévy, 
Comptes Rendus, Paris, Vol. 127 (1898), p. 10. 


“Theory of Elasticity’, by A. H. Ratton 1927, Equations (344) 
and (34B), pp. 212 and 2i3. 


the Stress Distribution the "Vicinity of Horizontal Circular Hole in a 
_ Gravitating Wedge-Shaped Elastic Solid’, by G. Nishimura and T. Takayama, Bulletin, . 


farthquake Research Inst., Tokyo, Vol. 10 (1932), 


44 Asst. Prof., Hydraulics and Structural Eng., State U niv. of Iowa, and Assoc. Engr, 


Iowa Inst. of Hydr. Research, Towa Iowa. } 
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ment around a hole in a girder web, many would not admit that any was 
necessary for a long, relatively small hole in mass concrete. Mr. Silverman’s ; 24 
- analysis, made on the basis of reasonable assumptions, shows that such Tein- 
forcement is necessary for longitudinal holes in gravity dams, to resist 


stresses due to water and mass loads. — In some cases, stresses around the open- fe ang 


om “steel should never follow around the inside of a hole, for if it is stressed i 


tension it will tend to straighten, causing tension in the concrete. As soon = 
as this concrete fails, the steel and cracking is perhaps further 


id 


“holes. The shown in Fig. 6(d) is preferable to that shown in Fig. 6(c), 
vs - however. r. Diagonal bars should be provided at the corners of rectangular bale 
bs for cracks tend to form at the corners, where vertical and horizontal bars are 
¢ relatively less effective than diagonal bars. If it is certain that tensile stresses 


never occur: across one of the "diagonal sections, the e bars | crossing that 


e Referring 1 to Fig. 5 of the paper, it is seen that at the tensile stresses decrease 
‘very rapidly away from_ the surface of the hole. _ The steel bars, therefore, 

- should be as close to the surface of the hole as is | practicable, — _ The length of oe 
3 bar to be used cannot be computed by any method known at present, and, in ; ae 
= the absence of test data, it must be arbitrarily assumed, say, equal to . twice the 7 : 

diameter of the hole. _ The size of bar should then be selected so that the total - 
* bond on one-half its length is equal tc to or greater than its ultimate strength. 2 
gen To prevent cracks, the bar should have as high a ratio of bond stress to slip aw 

a as is possible. —Tests® by the writer show that the most favorable ratio is 
obtained the bars are straight, and if their surface is rough. 
A. Brautz,'© Esq. (by letter) —A new approach is presented i in 
*. paper, in the analysis of the stresses in the vicinity of a cylindrical open-— 
ing in a triangular gravity dam when the axis of the opening is parallel to 


: ‘a *“Tests of Anchorages for Reinforcing Bars”, Bulletin 3, Univ. of Iowa Eng. Studies. _ 
ts Director, Photoelastic Laboratory, U. 8. | Burese of Reclamation, Denver, Colo. su 
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the face of the dam. The main assumptions are ‘that: 


is at th the theoretical apex: of the dam; (2) the opening is far removed from 

the faces of the dam; (3) the material i is perfectly elastic; ; and (4) the tensile 

stresses are so small that the concrete does not crack and, if it does crack, 


a 


the elastic interaction the up- up- -stream slab or - arches and the but- 
tress is ignored. Even if the results obtained are not exact (and, in one 
_— incorrect in principle, as will be shown subsequently), it is believed. 
¥ that stresses” computed by the author’s method will agree quite closely with those * 
- obtained by the approximate methods used by the U. S. Bureau of Reclama-— 

n. One of these methods, also based on Assumptions (2) to (4), uses the 


tion. 
exact solution by Kirsch for a circular hole in an infinite plate acted upon 
by uniform boundary forces equal to the principal stresses computed in the 
structure at the center of the opening as if the opening did not exist.!7 
method is far simpler in application than that developed by Mr. Silverman 
ale is useful not only for the ipectiie type of structure and loading treated — 
a by him, but for any type of structure and loading i in which the principal : 


¥ stresses can be computed at the center of the opening. 


Bs. re Both methods | are approximate and are limited to openings at least three 


times” the radius of the opening from the nearest boundary of the ‘structure. 


In fact, the author’s formulas may be restricted to even greater Beni se 
he assumes that “4 = 0 in arriving at Equations (47), (48), and (49). 


Reese es It is evident that t the circle, p=To must lie within the ‘structure, which | 


pk. implies that the opening must be many times "% removed from the boundaries. a 


mate theory is of little value in practice without a a of the limits — 


the opening is close to the ‘boundaries. the | structure, 
‘its shape deviates too much from a circle, it is customary at the 
u of Reclamation to check the analysis by photo- elastic: 


lt 

than the methods - now “in vogue, but even ‘£0, it has great) merit if it is 
- only as a check on these other methods. It would certainly be of 
interest if Mr. Silverman would compare numerical results obtained by 


method under identical conditions. In doing this the tensile stresses: 


_ The region of validity should be definitely stated by the author. An approxi a 
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foreement steel it is needed). This question has been discussed by the 
weiter," including the effect of temperature changes and a . uniform pressure 
geting in the circular opening, 
In publishing solutions of elastic two-dimensional problems many writers “a 
consider it necessary to repeat the general theory of the Airy-Maxwell stress 
function, | including the equilibrium equations, stress definitions, and the 
differential: equation which expresses compatibility i in accordance with Hooke’s 
generalized stress-strain relations. This ‘seems a needless waste of space, 
inasmuch as many good references are available. On the other hand, important 
| steps are , often omitted which would clarify the situation for the inexperienced 
= and facilitate checks on the mathematical procedure. 


wy the present case the process of transforming the stress functions to. 
the new origin (20 y. Yo) should be given i in some detail, because it is of funda- 

mental importance and of general use, and no reference is readily available in 
‘* case body forces are involved. — Ih manipulating stress functions which repre- 
. sent body forces (weight, inertia, percolation), one , soon discovers that it is 


Change of Co- Ordinates.—The author does state the definitions of 

Stresses in rectangular components, body forces, ¢ 

It is here to be noted that more than one stress definition is possible, but if ~ 


the stress function shall have the same form in rectangular and polar co- soup 


nates, the writer has shown”® that the stresses must be defined as follows in 


the 

the author’s function, Equation (22), w 
oe rs the w: writer” for the s same case, it may be inferred that ‘the author’ 7 
stress definitions in rectangular: components, are in Equations (62), 


is ter If the origin is now chosen at a point | (ee Yo) and if the new axes “ » are 


ni 


Substituting een in (62), the stress definitions i in the new 


Bulletin, Am. Math. Soc., June, 1934, p. 427. 
Am. Soc. C. E., Vol. 101 (1986), Equation (21), 
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in which F’, is obtained simply by gubstituting Equations (63) into the 
for vie In th the case, is (22), so that: 


then n the stress co-ordinate system may “2 
- expressed i in the same general form as Equations (62), namely : _ 


wad - 

8% = — ——. 


which is given by Equation (66). The p olar 8 stress are given 
by Equations (20). It is important to note that in order to retain the general a 
ere definitions, Equations. (62) or Equations (67), it is necessary to sub- & ; 
tract the term, 0.5 (¢: + CoYo) + +9’), from the transformed function, 
"When no body forces are involved (that is when c: = c: = 0), the memes 
if the co-ordinate system is to be rotated through the angle, a, about the 
‘ origin merely replace 6 by 6 + ain Equations (20), 


Compatibility. —Mr. makes: use of St. Venant’s principle whew 
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~ solutions and experiments, if applied properly. If ro falls inside the structure, cn 
itis believed that the principle applies in the case. This then 
; the author to ignore compatibility between the regions inside and outside the 
circle, P=To, 80 that he only needs to equate the stresses coming from 
the inside and the outside regions. 8. However, in setting up up Stress System Ir « 
(Equations (34)), in the annular ring, p = ToTiy due to body forces, he _— 
makes use of a stress function of the type, @ p sin 6, which gives multi-valued — 
i displacements if the origin is entirely surrounded by elastic material. This is — 
not permissible, of course, because it implies that the annular ring has a slit 
 gonnecting the inside with the outside region. The edges of this slit will be | 
dislocated and must be brought together again by another stress function, — 
giving rise to what is generally known as “dislocation stresses. ” These are ; 
functions of the elastic “properties of the material.” a The complete function — = 
which must be used for the author’s Stress System II has been or | 
If no pressure ‘acts on in inside of the hole, this function may y be wr written, 
in the author’s notation : adi opt 


tion (68) must be » determined | 80 that are ‘single ‘valued; 
it ‘must be unchanged if 6 is replaced by 8 +2nz, in n which n is an n arbitrary. 


make the displacements single vvalued™ is to. 


ives of this elastic 


+ cos (6 — pe cos (70d) 
Proceedings, Math. Bae, Vol. 30, 1900, p. 103; and, also, 
_ Theory of Elasticity”, by A. E. H. Love, 1927, p. 221. a ati 
Transactions, Am. Soc. E., 


by Coker and Filon, 1931, p. 327. 
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~The Stress Svstem. is now found by anni y n na 
7c) Function (68 
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It will be seen that s, and So vanish over the circle, p = ri; and, that 


i aaa is become equal to — To ¢ cos (6 — B) and 8. = 0 over the circle, 


= To, 1 if 


te 

* approaches zero, thus satisfying the author’s conditions, _ tps Ay: 

Attention ‘should be called to the fact that in the writer’s use of 
- tion (68) for the determination of stresses in a fillet of a dam, the constant, A, 
is arbitrary because the origin is not completely surrounded by elastic mate- 
rial in the case of a fillet, that is, is always less than 2. (In this connection 
a compare t the methods of finding displacements given elsewhere by the writer™.) 
ow ~The ‘magnitude of Stress System II is usually negligible in the regions of — 
 ehdtagat the author’s formulas so that it could safely be ignored entirely, 

The reason for bringing to light the correction in System II is that an 
important principle is involved in the general application of stress functions ¥ 


giving multiple-valued displacements for the determination of stresses due 


temperature variations and body forces in having doubly 


the cause of cracks, that often originate in inspection = 
solution offered by Mr. Silverman is correct only in the case of water load; 
4% for the « case of the action of mass load it should be modified as outlined i ine “i 


When a ring is cut from a subjected to internal strain due 


— to its own weight, the resultant stress on the outer face of the hole is not zero, 
but equal to the weight of the ring. In this case the stress distribution — 
depends on the elastic constants of the pK whieh fact was discovered by 


Referring to to Fig. 1, assume a ring in vo is so much greater than 

; —£ may be assumed “equal to zero for many many “practical “purposes. The 


Ao + (Ai — 1) r, cos + B, To sin | 4 cos 26+ Bas sin 2 


Ay 7 cos 3 8 + By: 3 in3 0 | 


Journal of Applied Mechanics, Biot, A. 8. M. B., June, 19385. 
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4 
+ cos 20 + (2c, + 12d, p*+ ——* ) sin20 
coll 


4 


= | 0; 8s at Fer = fo, when — = 0, ‘Equations (74) 
become the same as Equations (71). 


_ For terms containing sin 2 0, cos 2 @, sin BE 6, and cos 3 8, and for terms 


y be found from | the conditions 
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taining cos @ sin 0: 
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From Equations (75), it is possible to solve for a, = = rand 0, leay- 


ing four equations (Equations (756), (76d), (T5f), and ‘Tdh)), with six 


unknowns for the solution of the remaining factors. “In order that the dis- ¥ 
in the ring shall be valued i of ‘Plane strain, itis 


in which 1 B is s Poisson’s ratio for the material. Then: I’; = — ry (s 


de + (A008 + By sin 6 


(A, cos 26 + Bysin2 6) (1 + 
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cos 0+ By sin 8) (3+ 


rt 


4(1— 
= (A, C08 2 6 8 + + B, sin 2 sin 2 6) 


cos 3 +B 3 4) 9-2) 


dams, the buttresses are as thin of 
Equation (76a), one must substitute 


To demonstrate the characteristics of the results, the hoop stresses around 
a hole due to mass load in a gravity dam are represented in Fig. 8. = 

ml is tension along the upper and lower regions, and compression along the sides. = 


The water load for this dam ; ord the ow stress distribution shown in Fig. 9. 7 


F. W. Hanna,??7 M. Am. Soo. C. E. (by letter) yall subject that is very 
important in the design of dams, is described in this paper. both longi- 
tudinal and transverse cracks : appear in the inspection and drainage ¢ galleries” a 
fe of most dams is to be expected; and, owing to paucity of data on the subject, 
a the designers of dams are in need of technical information on rete 
: ‘and prevention. Such technical data are provided, in a large measure, by 
the author. He is to be congratulated therefore, not only on having» 
introduced the subject, but on having presented a careful and laborious 
analysis of the particular | phase of it involved in n buttress dams 
The solutions presented are long and the resulting formulas involved — 
and cumbersome. Some of these t troubles could have been avoided by 
taking the origin of co- -ordinates at the “center of the circular opening 
initially and using the computed pressures at this point as constant for : 
limited ‘areas around it, _ the computed pressures | being predicated o on n the — 
- absence of the hole in the buttress. _ This would have involved some 
-Wpproximation, but not sufficient, a pore dam with the opening near the © 


Approximate Formulas for Circular” Holes.—The Me 
| use of an approximate solution | of the problem of stresses caused by holes 
ina dam. . Let Fig 10(a) represent a section of the theoretical profile of a a 
dam with a cireular hole through it near the base to 
drainage and inspection gallery. Let p be computed vertical 
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“dicular to paper, acted | on “unit 
the vicinity of hole as indicated in Fig. 


pressure, will be : a maximum 


¥ 

hol 
a 


ae 


parison of Fig. 10(b), with Fig. 10(¢) showing the vertical pressure, p, L. 


ad Referring to Fi ig. 11, , let vit be asumed that the disturbed s stresses lie 
mainly within the larger circle shown thereon. The stresses at the 


r radial stress, | Sr, to the elementary will be srr 
: and) will be balanced by the vertical force, p dx, resolved on to the opposite side 
this volume ; therefore, = pdx cos 6, whence sr =. p cos dx 


2 4 P oos26..... 

In like manner the shearing stress, s,, would be opposed by the force, % 


— 0. 5 psin 2 


— 

pressure per square foot at the 

ws g . te center of the hole calculated on the basis and 

ne: 

— 

— 

y 

‘ 

— 


The distribution may now as of 


and their sum taken for their total effect. 
first group of forces ‘symmetrically around the center of the 
“hole i in the dam and is represented by the stress distribution i in a thick 
hollow cylinder subjected to external adding Equa- 
8 


“Now, from Fig. (r+ dr) by 
the acting pressure and the stress. of 


Solving for 8 in and the resulting value in 


ds, +8 dr 


-Tntegrating, 


2 


the antiogs both sides of (85), 


r = r, in Equation (88), « = 0 and, ‘therefore, 
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4 


besa for s’y in Equation (89), the following important equation is derived, 


=: liminating sy between Equation (89) and Equation (81) and solving for 


Addressing the computations — to the solution for the stresses Produced by 


the second group of forces, involving functions of 6, let the Airy ne 


bt 


since F i is a function of r 6. Equation (93) twice 


Ermey t0 @ and noting that the result must hold for 6 = O as well as 


for all other values a1 around the center of the hole, there results the equation, 


ential equation Becomes, ig 


The general solution of this equation, as can can determined by checking 


ating the value of j in (93) there ‘results the follow- 
+ + C,) con 26 
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a) 


and conditions of the problem. Performing 
tions on Equation (97) as required by Equations (98). and” substituting 


The constants are to be from the external boundary « 


at a distance as required by Equations (78), (79), and (80), from the fact rt 
that the stresses a are zero at the edge of the ‘hole, and fact ‘that 


approximately, for distant points. Applying these “principles 


solving the constants it will be found that: a, =0;¢C, | 
| gu 2%. sand C, a BE Substituting these values in Equations (90): 


1 +3 DO. . 


1+ 
— —! sin n 2 


term in each of the author’s Equations (20) may be dropped 
to assumed constancy of weight in the vicinity of the hole. ‘Then these 4 
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Now, adding (100) ‘Benstions (90), (91), and (92), respectively, 
and noting that + 8”, = 8,, 89 + 8% = 8, and, + 8”, = the 


__ Equations (101) give, respectively, the, ‘compression, the 


ris very large, Sr, 88, the values s given in in Equations (78), 
and (80). Ifr = ri, s = ss = 0, and s¢ 2p cos 26. For 
- 6 = 90° and 270°, 89 = = 3p, the. maximum sienna at the ends of the ff 
horizontal diameter. For ‘= and 180°, = — p, the maximum tension at 
end of the: vertical: diameter. In the compressive stresses 
are. not serious in a dam although they may be quite large, but the tensional J f 


stresses at the top and bottom o of the hole should be provided for = 


Formulas similar to Equations (101) have been developed by several 


investigators™ for tension thin plates. In this discussion they have 


been developed for compression‘ in in order to ‘make them apply f 
i dams. Such an application has been made previously. -_ . 

Approximate ‘Formulas for Elliptical Holes.—Drainage and inapeotion 

galleries are not often circular in shape, but generally may be made to 
approach ellipses. By making the same assumptions as to pressures and as 


to the use of vertical and horizontal strips” of the dam as stress 
‘formulas may be developed for elliptical holes. 

The development of formulas for the - determination of stresses caused a 
elliptical holes: in dams” involves the use of curvilinear ¢o- ordinates and — 
4 hyperbolic functions. e Formulas have been developed by Inglis for elliptical 
plates” and may be applied to holes in dams by making the same 
assumptions as previously herein: for circular holes. . The resultant 
Inglis formulas applicable to the ome are not included herein as the reader _ 


ean find their development in av available engineering literature. 

Square Holes. dams” square holes should be avoided, especially with 


sharp corners. founding the corners with liberal radius helps the stress 


i” Zeitschrift des Vereines Deutscher Ingenieure, Vol. 42, 1898: “Stresses in Plates 

_ Having Discontinuities and Some Problems Connected with Them”, by K. Suyehiro, a 
Engineering, September 1, 1911; “Drang and Zwang”’, Vol. 1, pp. 314- 319, and “Vorlesungen 
iiber Technische Mechaniks”, by A. Féppel, Vol. V, p. 352; and by “Theory of Elasticity”, 


0 »“The Design of Dams’ 7 by Hanna and Kennedy, p pp. 160-162. —— 

“Stresses in a Plate Due to the Presence of Cracks and Sharp Corners”, by 
: Inglis, Transactions, Inst. of Naval Archts., 1913, Pt. I, pp. 219-230. 
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Limitation of Approximate Formulas. —It is appreciated that the fore- 
going approximate formulas” are not applicable where ‘there too much 
variation in the pressure in the vicinity of the hole in the dam, which 
is the case a low dam. However, inspection and drainage galleries 
are not often needed in structures. high dams where such open- 
ings are needed, the pressures are fairly uniform and only slight error 
js involved in the assumption that: uniformity of pressure exists in the 
‘vicinity of ‘the hole both for ‘and water pressure. It should be 
“observed that mass pressure is predominant and is at a maximum with | 
the absence of water pressure. the reservoir is full, nearly all the 
mass pressure disappears and the horizontal water pressure predominates. eo 
Little valid objection can be made to the assumption that a narrow 
vertical slice of a gravity dam be considered as a plate. Gravity dam 
sections are designed on the basis of the existence of such solitary plates, - 
a and this in spite of the effects of Poisson’ 3s ‘ratio on their sides. _Correc- 

_ 
tions can be made for the effects of this ratio on the sides of slice 

by making a separate computation for a stress equal to 25% of the major 
. force. _ The e effect of Poisson’s ratio is t to lessen that of the x major force. oe 
Cracks in Holes in Dams.— —As s far as the writer is aware, the Pardee 

first in which reinforcement steel was placed around the 

drainage and inspection gallery to provide against tension. This gallery 

is 5 ft wide and 10 ft high, circular at the top and flat at the bottom. x ‘The f 

floor of the main gallery is 300 ft below the top of the dam, the average 

ss ressure, bein equal to 43 200 |b r ft at th center of the 

equation for the total horizontal tensile force at the top 0 


on the assumption that ‘it is circular, i is given by": 


bad 


3 v 

From Equation (102), based on ft, the total 
tensile stress at the top of gallery of the Pardee Dam is 20800 lb. The 
reinforcement consists of 1-in. “square placed 1 ft apart, extending 
entirely around the opening. Nevertheless, | there is a hair- crack along 
top of the gallery for the entire length. No visible cracks exist 
*) the corners of the flat floor, where they might be expected to be found. — 
The vertical compressive stress at the ends of the horizontal | diameter, *} 


ay 


as given by Equation (101), is 3 p = 3 x 43 200 = 129 600 Tb per 8 sq ft, — 


or about 900 Ib per sq in., which is not excessive. A 
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Design of Dams”, by Hanna and Kennedy, p. 163. 


“pressive stress at the ends” 
and the unit tensile stress at the ends of the v vertical diameter is giver 
& 
err M. A. Soo. ©. (by lett ball —The of stresses 
"around a circular r gallery in | a dam, presented in this paper, follows a method 
of approach ‘somewhat | different from that of previous investigations | of the 
same subject. Such further investigations are of considerable interest since 
they tend to clarify the problem in the minds" of —s and designers, 
_, The 1 main value, however, lies in _ comparing results with that of previous 
work, in emphasizing differences and similarities, in indicating improve- 
£ ment, if any, and in comparing the differences in numerical values obtained 
by the different methods ny ‘such comparison necessitates giving refer. 
ences to. previous work, ‘and such references are often the most valuable 
of investigations of this nature. author has given few such 
references and has made no such comparisons. The ‘subject has been dealt 
uf with in detail by Mr. J. H. A. Brahtz,* and it is, therefore, worth investi- 


gating to what extent Mr. Silverman has added to present: knowledge of the 
The paper (see Fig. 1) traces the stresses in in a section through a circular 
hole in a bar subject to uniform tension and refers to the work of Profes- 
S. Timoshenko.‘ the same book Professor ‘Timoshenko gives” the 


4 complete solution for stresses at any ‘point of the bar outside the - circular 


oper opening as well a as the proper reference to this 1 well-known Kirsch solution” 
In the author’ s notation: $ 


20 @ ....(104a) 


= Se = {1 +. cos 2 (1040) 


*#“'Theory of Elasticity,” Timoshenko, p p. 77. 
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The Sz, in the bar is herein assumed as acting 
and 0 is assumed as p positive in the usual way from the ws -axis toward the 


Equations: (104) and adding; thus: the of (DOL) 


This solution has previously been given ww Mr. 
a _ If the co-ordinate axes ‘are chosen along the lines of ‘principal ‘stresses, 
er ; s, and Sty , at the 2 location of tl of the center of the hole, ‘Equations (105) will give 
luable stresses at ‘any point around the hole. Along the periphery (p = 


‘os 
nvesti- 


of the q 


reular 

which a now is from in symbols, s and denote the 

principal: stresses” in a solid dam at a ‘point to the center of 

the hole in the structure under consideration. — The assumptions on which 


Equations: (105) and (106) are based are obviously that: the hole is very 
anal as ‘compared \ with the other dimensions, and is sufficiently. far removed 


from the boundaries of the dam. 
a ‘The author to have avoided the necessity for the former 


the hole is far away from the boundaries of the dam, but not necessarily. 
that it is very 


which 1 may be of peititell use, , the author a ‘assumes (see following Table 2) 
tha tq = 0 It should be noted that in the main body of his paper, “a 
P Mr. Silverman does not state that this assumption lies at the foundation of 
‘Equations: (15) to (17), inclusive. The assumption that — = 0 obviously 
puts the author’s equations on par (105) (106), 
obtained from Kirech’s solution, in that they are all based on the same 
Any discussion of the effect of mass, aside from the effect on 
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1 ‘com 
load is 
(108q) in ony noint mav he ohtained hy anhatitutine -+ — for 
giver 
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‘the principal penne in 1 the dam, would appe a to be a wasted effort since the 


That the author has gained v very little may, perhaps, best be 
by: comparing the numerical values obtained by him with those obtained ae 
using ‘Equations (106). At the point on a solid buttress corresponding + to 


0 
the center of the hole in the -author’s example, the 


easily obtained” from Equations (8) a 
‘The angle " the maximum principal stress with a author’s X-axis is: 
ot € = — 7° 38’; hence; 6, = 0 — <= = 6 + T° 88’. From Equations (106) the 


TABLE 3 s ‘FROM Equarioxs (106) 


> eg en (In all cases, values to be multiplied by . 
ear 


40.6753 


= 


values given in Table 3 are then obtained and compared with author's values. 
Tt will be noted that by the use of the author’s extremely unwieldy equations, — 
‘numerical values are obtained which differ only little from those obtained 4 

ie Equations (106), and the writer is inclined to believe that the latter 


are just as “exact” as the formulas — given by Mr. Silverman; they 
tainly are ‘ ‘exact enough” and very ‘much simpler. 


-Frep L MMER M. Am. Soc. C. (by letter). the 
assumptions defined by Equations (9) the author has. ‘developed formulas 


circular openings mass structures. The 


justified, and to. question whether, in any case, 


engineer is warranted “in using such “complicated formulas when “they are 

A oes also, Transactions, Am. Soc. C. E., Vol. 101 (1936), Equations (17) and (21), 

Cons. Engr.; Associate Prof., ‘Structural Eng., Case of Applied Science, Cleve-— 


land, Ohio. 
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fone, eg ie Tates a very skillful use ot mathematical theorems. | 1e writer wishes 


of the stresses that will ait in the actual 

fee Fig. 12(a) shows a buttress similar to the one used by the author in 

his illustrative example. Obviously, any plane section cut perpendicular to 

- the up-stream face of _the buttress, except for the short section, a-b, would — 

extend indefinitely into the foundation. assumptions that the normal 
stresses on such planes (c) are distributed linearly in accordance with © 

Equation (9a), and that the shear stresses along such planes (d) increase 
uniformly with ‘the distance from the loaded face in accordance — with 
Equation (9c), are obviously far from even a reasonable approximation of _ 7 
— the probable s' stress distribution. On the other hand, the assumption that the 


compression ‘parallel to ‘such | planes is constant in accordance wit 


a plane through 


It would soma, theredore, that no formula based on these assumptions 


could be of any value in studying stresses at any point in the section, — 
b-e-g, of this buttress. Since stress distributions in Nature cannot be 
very similar to those on a plane b. consequence, it does ‘ 
likely that ‘the stress distribution assumptions defined by Equations 
(9), nor any formulas based upon these assumptions, could be properly — 
applied to any part of the buttress shown in Pig. ‘12(a), except possibly 


oF 


the nearly "approaches that shown in Fig. 13(8), the afore- 
mentioned assumptions seem to lead to closer | ‘approximations of the ac ctual 
stress distributions. — Even in hayes case shown in Fig. — however, the 


w Such “variation may be considering 
- the very simple casc shown in Fig. 13(a), which is drawn from a photo- — 
showing the variation of maximum shearing stresses in 
buttress of Fig. 12(a) due to the e weight of the buttress itself. 
usual assumptions, analogous to those based on Equations (9), would 
maximum shearing stresses along the plane, a-a, varying uniformly — 


from 27 lb per sq in. at the up- -stream face to 46 Ib. ath sq in. at the dow 


4 PLUMMER ON STRESSES IN CIRCULAR HOLES IN DAMS 173 
resses 

ng to 
3 are q 
| 
q 
107s) 
— 
— 
& — 
iz 
& 
— 
lues, | 
ions, — 
— 

ulas 
q 4 
llus- 
not 
ing { 
are 
(21 
— 
leve- 


Fig. 13(b). The of stresses 
given by the model is shown by the dotted line. This would indicate that 

4 the direct compression s stresses caused by the triangular r mass of concrete $ 
_ above this section, are not distributed uniformly, , but that the intensities — ie 
are much greater near the © middle of the section. This effect has been pe 
recognized in many other types of problems, basi 

Fig. 13(c) shows ‘the variation of shearing stresses in the same Ae 
due to the weight of the b buttress | and, in addition, | a water load applied to 
an area ‘on the up- stream face twelve times as wide as the buttress. — as 


“1 each case, the lines” represent contours joining those points where the maxi- 


or 


© WEIGHT AND WATER 
stresses the concr rete buttress equal 
values indicated on the diagrams, the unit being pounds per square inch, 
ee neither case, nor along any plane section, does the stress distribution | 

agree closely» with that g given by the assumptions , defined by Equations (9). 
i’ ‘On the other hand, Fig. 14 shows a section for which the stress distribution — 
_ given by the model and that based ¢ on these same assumptions agree rather 
‘closely on several typical sections and for both dead load, combined 
The writer wishes to emphasize the fact that the preceding statements 
imply no criticism of the author’ 8 mathematical derivation, of the 


correctly represent the stress conditions around a circular opening. 
fortunately, many designers of engineering structures have been trained 

to rely too implicitly on printed formulas and, in consequence, often use } 
such aids without understanding the underlying assumptions and, more 
‘important, the e resulting limitations of every such formula, The formulas 
under discussion were originally called to the writer’s attention by a 
young engineer who was applying them to a structure for which they 
could not possibly give results of any value. 
is important that engineers recognize the fact that openings” ‘in 
massive structures: in which the normal principal stresses are all compres: — 
sive result in tangential tension stresses" near the boundaries of such 


‘ 
4 
q 
ay 
Sa 
properly. Equation (1) indicates how much the ension 


be increased due to the presence of a small circular Fig. 16 
- the variation of ‘near a circular opening in an area, 
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Fe 15 a uniform compressive stress is assumed to ‘act in the direction of 


the Y-Y axis. Due to the presence of the hole, — stresses are created, 


developed by A. and L. Féppl* give the radial, , tangential, and maximum 

stress at any point, A as: nay} 


et 


in which s s= the principal stress at if no hole is present (8 can 

i any direction) ; r = the radius of the tw z = the distance from the — 

§ center of the hole to Point A; & = maximum unit shearing stress at Point i" 
and, ‘= = the angle ; as shown referred to the direction in which s acts. 


6 is made equal to wi Equation ag 
_ With equal to zero 


occurs at the of the hole and equals in 
intensity the applied compression stress, This tension stress decreased 


- slong the axis, Y-Y, to zero at a point, r Vv 3, from the center ‘of the a. 
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PL ON “STRESSES IN CIRCULAR HO HOLES IN ‘DAMS 
integration the total tension for un unit width ay be found 
303° with this resultant force acting at a distance approximately equal 


1.173 r from the center of the hole. If z is made equal to r the resulting 
~ formulas define the variation of stress around the 

boundary of the hole, indicating tangential ten- 
_ sion decreasing in intensity from s to zero as 6 
re is increased. from zero to 30°, and then 1 tangential 

compression increasing from zero to 3s as 
increases from 30 to 90 degrees. 

TP To illustrate how simply these relations may 
utilized consider that the principal stresses j 

of a mass structure have deen 
determined, assuming no hole to present. 
‘The v values | are shown in Fig. 16. greatest, 


and would equal 3 xX 15 = = 490 Ib per sq. ain). ‘Similarly, 

- est compression stress would occur at Point b and would equal (3 x 445 
+ 15 =1 350 Ib per sq in. Je _ The stresses at other points on the boundary 
of the hole can be found in a similar manner by the use of Equation | (1088), 

. — z = 1, the effects of the two principal stresses being computed separately — 

_ and then combined algebraically. The stress distribution used in this illus 

tration duplicates approximately that which the author found t o occur around © 


the hole in the buttress analyzed in his illustrative example. 


Using the of the p paper, the writer prineipal 


stresses that would act in a solid buttress at a point seria to the 


~ eenter of the hole specified by the ‘author. Duplicate computations based on 


three separate sets of generally accepted ‘assumptions result in --values of 
- the major principal stress" varying in compression from 300 to 570 Ib 


pers sq. in. As indicated previously the value obtained by the 
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of the problem needs serious Moreover, it would seem >. 
that designers look to experimental, rather than analytical, methods. 
peel Al Figs. 17 and 18 show photo- -elastic studies of stress distribution in the 
ay region of two openings in both a gelatin and a marblette model of a section 
a concrete dam. The writer has found this method of study” to ‘be very 
useful and, in general, more reliable than any purely analytical method 
which of necessity must be based on simplifying Obviously, 
it would be impractical to derive formulas which would be applicable. to 
oe complicated situation illustrated by Figs. 17 and 1 18. Fig. 19 shows 
a ‘study of the buttress analyzed by the author, The scale of the 


died determine accurately “the stress variation ‘around 


we circular « openings. A large scale model of a part of the buttress would be 
used for this purpose. However, the models show clearly that the stresses 
in the region « of the hole are quite different from those given by computa- 
based on the assumptions used by ‘the author. 


HT 


‘The curves in Figs. 14 and WW and the photo- -elastic views i in Fig. 18 7 
are taken. from studies made in co-operation with the office o of the U. 7, ae 
_ Engineer Corps, at Huntington, W. Va., and under the direction of Lt. | 
Col. John F. Conklin, District and A. L. Alin, Am. Soe. C. 


Chief of Design on on the Bluestone Project 

LK Jun. Am. Soc. C. E. letter) 

s structive discussion, Mr. Mindlin shows that the stresses due to gravity 
in a solid two-dimensional homogeneous body containing holes involve the an 
_ elastic constants of the material. His analysis yields Equations (60) which 


} el are to be compared with the Equations (34) of the paper. er. TI ‘he appearance — a. 
by of the elastic constants in Equations (60) is analogous to their 


ance in problems dealing with statically indeterminate systems in the theory 
> of structures. 0 Thus, Equations: (34) may be considered to be a solution 
¢ a statically indeterminate system by methods applicable only to a deter-— 
minate system. The | maximum difference ‘involved ‘in these formulas 
the point of view of pounds per ae inch of stress can be determined 


by using y= 0.18 for Poisson’s ratio. The maximum absolute val 


Asst. Engr., U. S. Bureau Reclamation, Denver, Colo. 
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difference is, cr,| 1 — = 1.71 lb per sq in. Practically, System Ir 


ean be entirely, the effect of mass forces: being | given by Equations 

y cs (31). This fact suggests that in making photo- elastic tests for mass forces 
boundary stresses to be applied at the surfaces of the m model could be diih-d 


puted by’ means 8), and (25), after the stresses defined 


tas oat (31) of the paper, and shows that the numerical results | of Table 
coincide very closely with those given in ‘Table . His re reference to the 
“unw ieldy ” equations of che | paper is not clear. Apparently, he i is referring 
to Equation (18) and 1 Equation (31) which hoop stresses 
mass, respectively. These ‘equations are of the sim- 


of the structure; that is, the male of batter, the eel 


tion of ‘the ce “center ete. They ean be without 
_ Previous of the theory y of elanticity of the Steps involved in 
“a Equation (106b), which gives the corresponding hoop stresses, involves 
i, the following steps: (1) Determination of the state of stress at the center 


; of the hole; (2) determination of the direction of the principal stresses at 


the same (3) determination of the principal stresses, 8, and 8,3 and, 
Pee 8 (4) substitution of the various values of the argument, 6,, in Equation 
(106). Step (4) involves the use of a new ‘set of co- -ordinate. axes from 
7 4 which the values of 6, are to be measured. In the application illustrated 
a a in the paper this ‘step involved a rotation of — ag 38’ with | respect to » the 
natural s set of axes taken along the ‘sloping face. 
_ For the sake of completeness the equations required for these operations 
_2py 
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‘It is seen .n that an piaes, knowledge of the theory of elasticity is required 
for the correct application of Equation (1066) which i is simple in form but 
Mr. Vetter states that the writer has avoided the necessity for the as- 
sumption that the | hole is very small as compared with the other dimensions i 
of the body in using Equations (42) to (46). The point of the solution, 
however, is such that this assumption: is not needed. ee fact 

is responsible for the mathemati 

“the general solution for plane stress problems in co- pa 

stresses | according definitions, Equation (41), which are of the 
form of Equations (10) to (12), inclusive. In ‘applying the ‘method of 
Filon to an annular disk, the ratio of the outer diameter to the inner = 
‘diameter is involved. For practical purposes, | and in agreement with St. 
Venant’s principle, this ratio is taken as zero, and ‘the ‘assumption i is ‘eede 
the proper point. (See text following Table 2) That this assumption 
did not appear in the main body ‘of the paper, as Mr. Vetter points: out, 
is due to editorial exigencies, which required that the an rag portion of 
mathematics involved be placed in an Appendix. In 2 a “general way 


assumption is implied jn non- -mathematical language in the first 


sentence the opening» paragraph of the section entitled General 


a Mr. Vetter refers to the. paucity ty of references. Footnote vidtbsdegits' (3) 
and (4) were deemed to be sufficient cross- references: to all work involving 


tion n given by the Lévy solution, Equations” (8) and (22). Both’? 

_ periment and theory have shown that this departure from lin ar behavior 7 

s confined to the lower third portion 
a triangular: dam. maximum 
and has very little effect on 
“the principal olved in “he 
the principa ‘stresses involved in the 
of the hole. The writer believes 
that the ordinary” engineering theory 
is straight- line v variation is sufficiently 

accurate for all practical purposes, €s- 
‘pecially wh such complex questions 

“experi tal results are quite different 

from those obtained by using the 
th theoretical equations. Vetter has shown that comparable resalts 


can be obtained by determining the principal stresses at the center of the hole : 


oc. c. E, Vol. 96 oS pp. 489-591; and Vol. 101 (1936) mn 
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Reclamation show a very between and ‘de 
peer results. It is not to be expected that the models used by Professor # 
Plummer will give any conclusive experimental results. Probably the maxi- tin 


mum size of model possible in a photo- elastic testing apparatus is of th 


— 
a - magnitude of 6 in. The diameter of the hole representing a gallery of i. 
one- -hundredths of the height would be approximately 0.12 in. The difficulties 
ba i in measuring stresses around holes of this size are apparent. “ahd a a ibe 
a The type of model used at the U. S. Bureau of Reclamation consists! de 
‘of square slab of plaster celite about ‘seven times the width of th REC 
opening. * * The sides of the square are ‘parallel to the ‘direction 
of the principal stresses occurring at the center of the area.’ The slab wa 
roughly 3 ft square. “hig ba lout 
ee Hanna summarizes the danaiilen in use by designing engineers and eC 
describes cracks in dams which he has observed. In a memorandum to warn 
Savage, M. Am. Soe. E, Chief Designing Engineer, U. S. Bureau 
Reclamation, H. M Westergaard, M Am. Soe. E., describes cracks | 
observed in dams ona mentions a type of crack in buttresses of hollow § | 
dams ig. 20) which can be explained by the theory as given in this ‘paper. win 
The eracks oceur i in regions of tensile stress as predicted by Equation (18). 
In these regions the reinforcement has aa out, which supports Pro Ss 
fessor contention 1 that the proper placing of ‘steel bars” around 
a. =< Memorandum to Chf. Designing Engr.; “‘ Design Data for Gallery Stresses as Deter- a4 
mined by Plaster-Celite Models,” by F. M. "Russell, Jun. Am. Soc. C. E.; and “ Gallery 


Stresses and Steel Reinforcement,” by C. N. Zanger and rs ae Brahtz, Technical 


Sun Determined by Means of Plaster Models,” by F. M mat 
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TRANSA \CTIONS 


RECLAMATION AS AN AID ID TO 1 INDUSTRIAL / AND 


ERNEST P. GooprICcH, ‘CALVIN v. DAVIs,* MEMBERS, nth” 
Wra Discu BY _ Messrs. JACOBS, M. E. 


_ The economic pattern that has evolved from the mosis years of 929 
to 1986 indicates that the future industrial structure will” be related inti- 
mately to agriculture. Reclamation projects scattered over the Western States 
can have a profound r-ssene: in strengthening this link between the factory — 
and the soil because many of these districts are ideally suited for develop-— 
ment as complete economic units rather than as agricultural projects alone. 
A review of the benefits that may be obtained by co-ordinating industrial and a 
agricultural activities on n reclamation projects is presented herein. reins | it 
_ The writers have studied this problem from three angles: First, the e decen- _ 
tralization of industry; second, the diversification of labor; and ‘third, the — 
co-ordination of industry and agriculture. Part I is devoted to a . review of | 
the basic principles of each of these factors. In Part II these principles are 
applied broadly to an actual project to illustrate the industrial and social — 
growth that could follow the construction of hydraulic works in a given mares. 
These potential benefits are illustrated further in Part III by a more detailed © 
analysis which demonstrates the possibilities of co-ordinating industry and — 
‘griculture within one of the irrigation districts” that will benefit from the 
‘projects, Although the conclusions are based on a specific investigation, they sk 
would also undoubtedly apply to many of the new irrigated developments 
that have been made available by Boulder Dam, ‘and other great water -con- 


.—Published in November, 1936, Proceedings. 


1Cons. Engr., New York, N. Y. 
*Formerly Chf. Engr., Ambursen Dam Co., Inc., New York, N. 7 rd 
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al RECLAMATION AND INDUSTRIAL AND AGRICULTURAL 


4 engine manufactured by James Watt in 177 6—the engine | that was , really t 
7 begin: the industrial revolution—started factories on the road to overgrowth 
«Steam power had to be used at its source; therefore, great size and economy 
‘a continued increase in the population densities of industrial Cities 
accompanied the overgrown factories that followed the industrial revolution 
~ Many of the wretched s social ‘conditions, that the nation is now striving 80 

_ desperately to correct, have been inherited from this perticules stage of eco 

v4 nomic evolution. - The industrial worker of the city, with his abilities nar- 


by mass-production methods, has no alternate of livelihood 

The mobility of electric power stands in sharp contrast to the fixed nature 

of steam power. Electric power, therefore, will be a an important ‘factor in 

As ies breaking down of great industrial units into smaller and more efficient 

f production plants. . Long- distance | electrical transmission can make it possible 


— 


to distribute these smaller plants over rural areas in . locations where co-ordi- 
nation with agriculture may be effected. 
Principles and the transfer of industry 
fate the great factories of the industrial city to smaller plants in suburban 
or rural areas. In some cases both workers and Plants are » being relocated; 
others, branch plants are being established. + 4 old h 
ee The purposes of decentralization are: (1) To build partly self-sustaining 
a7 a areas; (2) through the establishment of controls, to balance production and 
consumption within these areas; (3) to lower greatly | the cost of distribution; 
(4) to increase living standards by decreasing costs and by increasing both 
production and consumption ; (5) to eliminate the evil effects of mass-pre 
duction | methods on industrial workers by the ‘diversification ‘of labor; and 
6) to create better social conditions by moving workers and their families 
away from congested industrial | districts and giving them the many advall- 
tages: incidental to suburban or country life. went aly we 
_ Industry is moving away from the congested industrial centers of the 
East. Evidence of this fact 1 may be found in the “Industrial Census” whieh» 
] shows that the center of gravity ‘of manufactures moved 329 miles westward 
_ between 1849 and 1919. - During the thirty years between 1899 and 1929, in 
areas of “primary concentration” (the big industrial cities), the number 


Second outlying of the great manufactring 


— 


PAR T I—BASIC PRINCIPLES — 

HE ECENTRALIZATION OF NDUSTRY 

Historical.—Industrial congestion in thickly | popialdted cities began wit 

_ the domestic system long before the industrial revolution. In the early days we 

4 epee furnished tools, equipment, and housing to workers, who conduct § 

_ most of the manufacturing operations within their own homes. . a > 
he} The domestic system led to the establishment of the manufacturing tom § 
and cities and these, later, furnished the labor supply for the factories whih § 
sprang up during the industrial revolution. The first commercial steam 


— 
— 
> 
a 
| 
— 
— 
2 
Ww 


1 cities 
olution. 
iving 


actor in 
efficient 
| 
possible 
co-ordi- 
ndustry 
aburban 
located; 
i 
taining 
ion cand 
bution; 
ng both 
ass-pro- 
or; and 
‘amilies 
advan 
of the 
which: 
astward 


sturing 


mters and the smaller industrial towns), the corresponding decrease 
we was less—from 106 to 105. Throughout the remainder of the United States, — 
wrt or the rural areas, however, the number actually increased from 34 to 45 i do 
Other evidence of the trend of industry to locate in suburban or rural | 
areas may be found in the statistics of plant movements between 1927 and 
1929. During that period, 287 industrial plants,” affording 18 599 wage jobs, 
= were moved. Of this number 5 654 employees were e moved away from the big 
 gities, 1933" going to the smaller cities and 3 721 going into the country or to” 
Future rural relocations will generally be “accompanied by decreases in 
We the sizes of production units. Recent studies of the economic sizes of manu- | 
facturing plants have shown conclusively that relatively small] production 
units give the most ‘satisfactory results. LW. W. Morrow, Editor of the 
Electrical World, presented the following significant facts* Felating to this 


An investigation of the machine tool industry made in 1932 shows that — 
the economic size of a plant is one that uses 80 000 to 100000 man-hr per 
«yr; yet 964% of the plants i in this ‘industry have a a greater + productive ‘eapacity. : 
_— ‘Stadies of three other industries show the same facts—that is, a relatively _ 
ae production unit is most economical ; but at present the greatest Oe, 


tive capacity is found in the larger plants. 
ia, In 1933 a certain manufacturer supplied the national market from thr 
he plants manufactured eight products. To- -day, this manufacturer has 
forty plants, | one in each market area, and sells sixty-five products aed 
sales organization. Present earnings are highly satisfactory. 
“As a result of his studies, Mr. Morrow concluded that: 


‘An analysis of the growth of shows that plants or 
- branch plants are being built in each market area and, on the whole, these are be 
"more prosperous than the large plants supplying the national market because _ 
bast they restrict their activities to sales in these local areas. The manufacturers — 
who make one product for the national market with a single production plant 


in one location are sufferin the greatest losses.” a 


Mr. Ford, a pioneer in the decentralization movement in the 
om United States, has long advocated both the diversification of labor and a 
return to the small factory. Extensive experiments in industrial decentraliza-_ 
a tion have been conducted in the vicinity of Dearborn, Mich., with the results — 
‘summarized in the following statement by Mr. Ford*: = = | 

__ “Ten years ago we started seven village industries on small water power 
ye within _twenty miles of Dearborn, our ‘purpose being to combine _ 
- the advantages of city wages with country living. The experiment has been | 
a continuous success. Overhead cost has been less than in the big factory, 
the workers would not of going back to the city shops.” 


RECLAMATION AND “INDUS RIAL AND AGRICULTURAL BA 


Mr. Ford began to acquire » land for this experiment. , several yeprs ago. 


Zo. day (1936), his holdings for this purpose embrace 40 000 acres. Farms 
ieee Technocracy” Electrical World, January 14, 19 1933. 
*“Farm and New York Times, June 3, 1932. 
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“184 es RECLAMATION AND INDUSTRIAL AND AGRICULTURAL BALA 
: - tive eh. Many Ford parts, including starters, lamps, gages, and drills are 
produced in fourteen small plants located in rural areas within fifty miles 
of Detroit, Mich. In 1934, these plants produced $8 000 000 worth of ‘parts 4 
and tools, employed 2 500 workers, : and paid $1 500000 in wages to these small 4 


From» the foregoing it is evident that decentralization is no longer an 
- academic « question for industry; experience has pr proved this to be a beneficial — 
- and constructive measure. No clearer picture of the possibilities of decen- — 
- tralization could be obtained than that given by tl the Secretary of Agriculture’; : 


“The ten million unemployed plus the five million living on land which 4 
can never be farmed are a continuing menace to the established industry 
and agriculture of the United States. To solve it means decentralized indus- 4 
trial planning relative to land. If the heads of our two hundred leading 
_ corporations were to take into account the full significance of paved roads, “| 
autos, trucks, high line the increased of 


us out of the for years to 


—The rate of increase of unemployment has kept — 


sending increasing numbers of men to the ‘ ‘scrap Consider, 
the following unemployment statistics for the relatively prosperous 
‘years 1923 to 1929, inclusive: 


1985. 
3 000 000 to 5 000 000 done 
reasons this increase in unemployment a are suggested by th 


sila tabulation’, which shows, for certain commodities, the increases in f 
= production and the decreases _ labor force for the “years 1923 to 1927, 


Oil refineries ... in 84% 5% 


New York Times, September 8, 1935. 
©“New Frontiers,” by the Hon. Henry A. Wallace. 
ee ™From “An Introduction to Problems of American Culture, ” by Professor Rugg: 
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Instances of unemployment due to technological are legion 
and space permits only typical examples to be included herein. ‘eat ‘ai 
‘mining methods have greatly increased | the output per worker and, conse- wy 
quently, decreased the number of workers. er During the past thirty 5 years the 

output per worker in soft coal mining increased 60%, in copper mining, 100%, — 
and in the mining of ore, 200 per cent. id These increases in efficiency ‘resulted — 

in the permanent unemployment of 64000 men, engaged in the extractive 

mineral industries, in the boom year of no 
7 The foregoing data | present a better | picture of occupational obsolescence | than 

could be obtained from similar statistics for the depression years of 1980 to 
1935. The abnormal situation in these years was influenced by : so many 
teetors that it would be impossible to segregate the effect of any single cause : 

Probably the most startling development in occupational obsolescence 

since 1929 was revealed in 1933 by the report of the Henderson Committee’ 

in the automobile industry. ‘It was, stated therein that keen competition has — 

speeded this industry to a pace considered too fast for men of forty and 
that, in some instances, 19 men do the work of 250 by contrast with 1929, 

|. - Other findings of the Henderson report were of an equally surprising 
nature; for example, in one plant a door is now made in two stamping opera-— 
tions. “In 1999, a door manufactured by this same plant had _twenty- six. 
different parts and required several times as many men to make it. Body 
framing which cost | $3. 00 in 1929, now ent costs $0.30. It cost $0.60 to _ 
hang one door ine 1929; it cost - $0.9 to hang four doors in 1935. Body 
trimming cost $12.00 i in 1929; it costs $4.00 to- day. 
“Less than five years ‘ago a a well manufacturer finished 100 
eight cylinder motor blocks on a given line-up with 250 men. To-day the 
same line-up finishes 250 motor blocks, with 20% more operations with only - 
19 men. Men were paid $13. 20 per hundred blocks five years ago and 
through the use of tungsten carbide tool tips men now ‘same 


‘Many other instances could be cited; the will serve 
the purpose of this pa paper. er. W ithout turning to other illustrations of the * 
present trend, it is obvious that two conclusions may be drawn regarding 
the effects s of mass- “production methods on a worker: : First, his calling may as 


be swep swept ‘away almost without notice by technological changes, leaving him — 


are narrowing to such a degree that little or no mental labor is required. | 


without alternate means of support; and second, mass-production methods — <a 


New industries, to absorb the workers thus eliminated from the progressive | 


industries, will doubtless eventually be ev olved, but during their development 


the men and their families suffer r greatly. 4 


—*“America’s Capacity to Produce,” p. 155. 


York Herald-Tribyne, February 7, 1935 to 
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The best quick remedy for this lies in of 

labor. Productive employment in work supplementary to that of the factory 

must be planned to fill the extended periods of idleness that have ace accompanied 

- wth each depression. Although this need has been recognized for tt ‘Years, it 
been only recently that a few ‘industrialists’ have taken 

some alternate employment during the idle time. 

Experiments the Diversification of Labor.—Obviously, many kinds of 

work could be p planned | on a part-time basis. A ‘return: to the soil, however, 

offers the easiest and the most direct method of capitalizing idle hours, 


fact Was Tecognized by a — of who were 


during the depression. With a:view, at least, toward keeping workers sup- 
"sy plied 1 with food, suitable tracts of land adjacent to the plants were purchased 

ae or leased and prepared for planting. Part-time and idle employees then 
“to cultivated these tracts and received in return for their | labor either the pro- 
es duce of their individual plots or or a proportionate share of the yield if i) 

tracts were we operated on the co- operative plan. 
‘The experiences gained in administering these _ agricultural projects as 

to industry bear a direct relation to this investigation. These 

_ ‘experiences enabled the orliees. to base their analysis on actual ‘operating 


giving consideration to agriculture as an alternate occupation 


‘industrial employees, many questions arise once. For example, what 


classes of labor (skilled or common) adapt themselves most readily to this 
' plan? Would skilled workers care to divide their time between the farm iat 
7 the factory ? _ Assuming that these workers are inclined to try the experiment, 
> would they be qt qualified by y temperament to ) grasp. ‘an er entirely new occupation! 
What i is the cash outlay required | of an industry to put such a plan in opera- 
"tion, and what are the returns? Is the worker compensated adequately for 
his hours of agricultural work? What time must be devoted to such work 
alla how much land is required per dependent? What is the best plan of 
management? What educational measures are necessary? 
a order to obtain answers to these qi questions een studied in detail 
a - the results obtained in eight experiments in industrial co-operative gardening, 
Space limitations p permit only two of these to be described herein. — 6 oa s 


General Plan—During 1931 and 1932 } more than 500 former workers of 


a certain company were unemployed and many ‘others were working only part: 
“time due to an unavoidable curtailment of production schedules. In order to 
- minimize the monetary loss and the physical | suffering caused by extensive 
lay-offs or part-time employment, the | Company aligned itself with the muni- 
: cipal government and the civic relief organization. A co- -operative farm | 
wv was selected as the most practical solution of the problem. pty | 
Consideration was given to both the ‘individual- plot and the mass-pro- 
duction methods of operation. pare no precedent was available for the 


— 

186 

j 

a 

— 

$ 

“ 

= 

— 


RAL BALANCE 

latter, the dee “that mass- -production methods were eq 

- applicable to gardening and manufacturing. The satisfactory results that 
followed the adoption of this policy are. particularly ‘significant. it 


Karly in May, 1932, leases were secured on three tracts aggregating 275° 
eres i in a river valley five miles from the factories. Of this land, 200 acres 
were tillable. a The Employment Manager, wa was made Director of the project | 
y and an engineer with extensive agricultural and industrial experience, was —— 
engaged to prepare the e detailed plans and t to supervise the actual field opera- - 
tions. Plowing was begun as rapidly as the land could be cleared of 
and débris and made ready for cultivation. Drainage ditches, culverts, 
small headquarters building, and sanitary facilities were then "provided. 
By May 12, 2000 early -eabbage plants, tomato plants, and “several 


bushels of onions had been set out and these were followed immediately aa 


The labor-rotation plan, based on the individual an. per 


week, was followed. af were based on an anticipated total 150 


936m men took 2 an n active in the “When all mers ‘was com- 


—_ the gardens had the acreage in crops dinwe by Table 1. Feats 


TABLE 1.- —AcreacE or InnustriaL Co-Operative GARDEN Prosect, EXAMPLE 


op in rop 


| 
ation! 


with the potato 
“grower of the State, a ‘a down- State farmer, , and 1 200 bushels of certified seed — 
potatoes were obtained from a reliable source. 
eh. Less th than 25% of the workers had a true farm background. | Although 
Y, this general lack of gardening experience caused the work to progress rather 7 
eet at first, the workers familiarized themselves with their new occupation an 
ers of _ rapidly. The instructions of the supervisor were grasped quickly and ina 
7 part: 4 few weeks a fair degree of skill in farm work had been developed. __ pra | 
. No records were kept of the percentages of the classes of ‘labor (that is, 
an or unskilled), or of the relative performance of each class. was 
found, however, that both classes readily adapted themselves to the program. ae 
The results of this experiment show conclusively that industrial workers can _ * 
readily diversify their labor. They represented practically every production a 


division of the factory, and normal ocgupations had been 


— 
tion of 
factory 
panied 
= 
+ 
a 
h 
1 
i 
ects as 
> 
— 
06 — 
0.4 
opera- Tomatoes....... 9.5 |} Pumpkins...... 3.0 Spinach........| 1.0 || Lettuce........] 0.2. 4 
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produce. Former employees, whose individual “toy records mere 


Costs.- —The total average investment was about $50 per —— 


developed from the following itemized s1 summary ry: 
Plowing, harrowing, planting, including tractor rental, team 
hire, fuel, ‘mechanical Sewer, planter operation, and yeplacement 
Transportation of farm jualions and materials, including use of trucks 
Supervision (Farm > Superintendent, | part-time truck driver, 
_ incidental specialized labor) 
Seeds, including seed potatoes. 


Culverts, drain-tile, lumber for headquarters and build-— 
_ ing, rental of storage trailers, road maintenance. 2 
Small 


— a workmen’s compensation. 


Total. 


per acre = —————— =, say, $50 


the he withon extra work or aboonea, received the 


Summer squash| Pounds : Cayenne peppers Dozen 
Rolled oats....| Pounds 5. Sweet corn. .| Dozen 
Pounds 3. Green onions. Dozen 
Pounds Hot peppers. Dozen | 
Pounds Cc Dozen 
3 ounds Pounds Dozen | 
Green beans. .| Pounds ions....| Pounds ...| Dozen | 


Table 2, totaling more This quantity of, 


food is sufficient to take care of a fami for nine 
4 ls total value of the produce was ‘easily double nih amount in 


— 
— 
th 
q ance of the § 
— : them in the farming proj 
bd 
— 
— 
4 
— 
— 
4 
| 


employment during 1934 had improved to such an extent that 
eontinuance of the gardens was not necessary, the felt that the 


rated was increased to 300 acres. The investment amounted oi bout $20 000, 
= or $66 per acre. The value of the crop harvested and distributed, however, 
was $60 0 000, or erat on double the amount per acre of the 1 1932 harvest. 
bre successful industsiel project, operated 1932, 7 
a 1933, and 1934 may be discussed as Example 2. About 90 acres of land were 
rented near ‘the plant for - gardening purposes and, in addition, employees 
be d to cul dividual garden, 
_ Were encouraged to cultivate individua gardens, 7 
{ Ani agricultural expert was placed in in n charge of the entire project. Aside 
, from the land and supervision, the Company furnished fertilizers, plowing ~ 
and harrowing, all seeds and plants, and Spraying spray materials. 
Seeds and plants only were furnished to those with home gardens. The plant 
i _ gardens were laid out in plots € 50 by 100 ft, with suitable spaces between 
lots for paths and driveways. — _ This plan gave centralized o operation, com- 
bined with the advantages” incidental to the cultivation of individual plots. 
_ Planting schedules for each plot were planned with a view to providing good 
substantial food and a a well- -balanced diet. 
Bach plot holder was ‘required to sign an an agreement which set forth die: 
- obligations of both the Company and the gardener. _ The Company agreed 


the planting. "The gardener agreed to cultivate the land aad keep it free 
= / from weeds to the best of his ability. In return for this service the vegetables 
‘grown on the land became the sole property of the gardener, except in cases — 


* where willful negligence was evident. a In this event, the ‘Company reserved | 


‘work ‘and readily grasped the opportunity to pores part in enterprise once 
ite advantages became evident. The number of plant gardens and home ~ 
for each year of operation were as follows: 
"About 60% ‘of th the workers operating ro could be classed as 
‘skilled and the remainder a as s unskilled. classes were » surprisingly 
p= in gardening after the brief instruction period. As in the case of 
Example 1, the industrial employees who were most proficient in the plant 


Accurate cost records were kept during and 1934 in order to: 
the return investment. Actually, the gardeners, during 


“these years, received vegetable produce equal in value to between five re and 
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times total cash outlay. Aside from 


supplying wholesonie foods cannot. be o over- estimated. 
ad Education as well as strict supervision is essential to the success of such 
a venture. In the beginning the Company had talks about gardening by a : 
County farm adviser and agents of the State Department of Agriculture, _ 
Canning demonstrations : and individual instruction in the care of produce 
for winter saving were given. Educational measures were directed toward 4 
developing a love of the work concurrently — in 


iu 


(2) Without exception, agriculture has selected as. the ‘most satis- 


factory alternate occupation to industrial work. 


(3) The most efficient factory employees generally obtain the best results” 


land per worker ‘is necessary. if the soil is is unsuited to intensive farmin As Eg 
(5) co- operative plan (that is, in one 


a family of five with vegetable produce for the greatest part of a year. ] 4 


methods may be applied to gardening W well as to manufacturing if this 
plan is The costs of plowing, harrowing, planting, and harvesting 
are reduced to a minimum if the gardening activities are conducted a at one — 
place. ‘principal disadvantage of operating one large plot on a labor- 
rotation basis is that workers may not have the pride or interest in their 
7 oy work that they would i ‘if they v were responsible for the sole care ¢ of an individ-- 


th 
Bn garden. — This may be overcome by adopting the plan of dividing the 
central me into sections and assigning each section * individual workers — 


“The of small gardens adjacent to is to be 


unless the workers or ‘members of t their families are skilled 
gardeners. This plan has produced only indifferent results as the “costs of 
company operation and are much higher hen thw 
(6) The service of a skilled agriculturist is “absolutely 
workers have the. > gardening experience that is required to insure them an 
‘adequate return on their. efforts, therefore, -additiqnal educational measures 
are necessary. Lectures, educational bulletins, and planting schedules must 


— 
benents were reflected in the improved health of the workers and 
a duct, othe oe isted between the Company and the employees, The Y 
he close relation that existed betwe 

4 

ig 
| 
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to the following conclusions: 
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Centralized storage facilities must and arrangements 


The experiments outlined in the foregoing g items do not indicate com- _ 


pletely the possibilities of labor diversification. _ Most of these projects were 
q "emergency measures and had to be planned on a subsistence basis only. 
"Regardless of this fact important lessons were learned and there now exists : 
- sufficient: actual | experience to state with certainty that | labor diversification a 
connection with manufacturing. operations could be both practical and 
fe Tangible e evidence has been presented to show the benefits that could be 
derived from both industrial decentralization and the diversification of 
Jabor. Nothing has been introduced, thus far, to show the 
that could result from co-ordinating the operations of adjacent agricultural e. 
and industrial developments. The following two specific examples relating — 
irrigated areas show conclusively that economic conditions improved 


definitely after the introduction. of industrial plants. 


Ireigation Districts 

- Yakima Valley, Washington.—Industries engaged in the processing of 

agricultural products followed. irrigation development in the Yakima ‘Valley. 
i; These industries consist of four and feed mills, otal mills, fruit dehydrator — a 


of plants for the handling, and crops. ‘The 
t. canning plants alone employ approximately 3000 annually for about 4 months 
and the dehydrating plants employ 800 to 1000 for approximately 6 months. ¥ ls 
i The Federal Government has expended ‘mostly in Yakima County or in 
irrigation projects approximately $33 000 000. — As a result of these projects — 
and their subsequent it ndustrial development, t the popul: 
County increased from 13 462 in 1900 to 77402 in 1930. During same 
time the population of Yakima City increased from 3154 to 22 101. The is 
assessed valuation of the County has increased from $25 004000 in 1900 } to 
$233 041 000 in 1930, or almost tenfold. 
Obviously, these benefits have been weelined agriculture, as 
‘population base, being followed by factories for the processing of farm 
aS Sugar Production in Sidney, Mont. —An outstanding case illustrating the 
- improvement i in the ¢ economic status of an an irrigation district that follows 
the introduction of industrial plants may be found at Sidney, Mont. The 
Lower Yellowstone Irrigation Project was not successful as an agricultural 
- venture alone. . For a period of ten 1 years the farmers of this District wer were 


= - faced with severe economic difficulties, with the result that water charges a 
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of 500 a result of f linking the manufacture of beet 
= to the agricultural production of of the Lower 1 Yellowstone Irrigation 
: Project the farmers of this District are now in good financial condition; 
many, in fact, are increasing their land holdings» 
In the connection with the growth of sugar-beets the District also main- 

tains ‘substantial live- -stock development. During 1935, approximately 
- 150000 head (including lambs, sheep, and cattle) were fed for the market, 
This large feeding program is possible by the by- products from both 
: the factory and the farm. Beet al and beet pulp and molasses make excel- 


lent foods in addition tohay, 


tase _ The successful growing of sugar-beets calls for the Totation of crops on 


- the farms. . Alfalfa, the principal rotation « crop, provides an ample quantity 
of hay for feeding purposes. Combining a sugar- -beet and live-stock program 
_ has produced increased yields” of all other crops grown in ‘rotation with 

-beets. Feeding of livestock is producing an abundance of manure 

return to the soil, is gradually building up the and 

PART II. [—POTEN TIAL INDUSTRIAL GROWTH OF “CALIFORNIA 


RELATED TO CENTRAL VALLEY PROJECT 
TRRIGATION As a Base ror Western InpustriaAL DeveLOPMENT 
Much. at the land that will be made irrigable by the construction 


hydraulic: works in the Western States is extensive markets for 
ines products. As these markets are now (1936) only partly ou 

a? 4 plied by local | manufacturing establishments, opportunities exist for the profit- 4 
able expansion of many industries in | the Western States. This situation is 
especially favorable for decentralized industrial planning i in relation to the 


i The benefits that ‘result from such an arrangement ‘obvious 


Irrigation districts would benefit by having many of their products “utilized 
adjacent manufacturing plants. Hides, cotton, wool, cereals, ‘sugar-beets 
and fruits and vegetables are only a few of the “agricultural products that 
could be processed by adjacent industries. In addition, these irrigation dis 
tricts would benefit by having: a substantial portion of their lands operated by 
4 industrial employees on a co-operative basis. This would tend to check the 
over-production of agricultural products on irrigated areas as the products of 
the co- -operative gardens “consumed "principally industrial 
price Be third benefit would be the tremendous increase in population 
could be supported by the land. ih, 
Industry would be likewise benefited co-ordination with 
labor be more and more efficient than in crowded 


( 


an 


al 
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the industry, however, and 935) the srowers tributary to the Sid, 
— 
. 
| 
| 
| 
| 
| 
employment and, therefore, would not face serious hardships in the 
factory shut-down. An abundant supply of cheap power is available in most 
— 


» — 


sources of r raw mates supplies offer an incentive to ‘many 
ther to relocate their factories or to establish branch plants on projects” 
are adaptable to co-ordinated industrial and agricultural operations, __ 
ve ‘The large potential markets that now exist adjacent to recently developed _ 
irrigation areas would absorb most of the manufactured products at first. 7 
a the projects were settled additional markets would be developed in the f 
i immediate vicinity of the manufacturing plants. This would give oppor- — 
tunity for an industrial growth in proportion to the increase in population. — 
This process could continue until the land had been fully developed. 
naa only would agriculture and industry in the immediate vicinity of the a ” 
irrigated areas be benefited by co- -ordination , industry in all sections of 


the country would be helped by the extensive ‘coustvustion and the 

2antity additional manufacturing equipment that would be required by industrial 
a with truth of the foregoing s statements may be illustrated by a 
nanure is detailed analysis of a selected irrigation project, the Madera Irrigation Dis- 
ty and | _— triet in California, which is suitable > for combined industrial and agricultural 

operations. It is impossible, however, to confine the investigation n to the 2 
‘Madera District alone; it is first necessary to consider some of the industrial 
RNTA and economic aspects: of both the State of California and Central Valley 
li z For the purposes of this investigation the State of California was fel 
ig sidered as a single-market area. An analysis was then made to determine the _ 
ion of ie” opportunities for industrial expansion that existed within the boundaries of 
ets for this area in 1929. After this information was compiled, the capacity of the 
y sup Valley Project to absorb a program of decentralized industrial devel- 
profit: opment was studied broadly. A proportional part of the potential industrial 
tion is on growth for the entire State was then allocated to the district investigated. 
to ; This” consisted of a selected group of industries for which the location 
Piss factors i in the vicinity of Madera were favorable. It is not meant to imply 
bvious. ys that the Madera District offers the most favorable location in California 
tilized } oY for the industries selected. It was beyond the scope of this investigation to 
beets, do more than to apply principles to a specific area. Similar analyses for other — 
that districts should indicate whether they too are ‘suitable for combined ‘indus- 
ck the GrowtH Retatep to Lanp ‘DevELopMENT 
1cts of The rate of industrial development has been found to bear a definite — &4 
ustrial — relation to population growth. Population studies, therefore, are of primary 
lation importance in this investigation. In predicting California’s future popula- 
haa a tion sight must not be lost of the fact that a substantial part of the high rate 
alters of i increase during past years has been due to ‘immigration from other States _ 
‘owded and from abroad. More than 46% of the people now living in ‘California 
iltural there during the past decade. The relationship between that part of 
wets — the population born in California and the total for the State is shown = 
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Fig. 1 1(a), which also shows the of population growth from 1932 to 
1970, 1 used by the Water ‘Project Authority of the State of California 
basis for the growth curve of future in- 
-ereases in the area of _ irrigated Jands 


AGRICULTU RAL )P MENT 


The total cropped area of the State 
is 8390000 acres” Of this" area, 4 746 000 


Population of California, in Millions 
oa 


acres, or about 57%, is irrigated. ‘The 
irrigated lands of California, comprising 
249% of the entire irrigated area of the 
Native other than United States, among the most pro- 
ductive: in the country . In 1929, Cali- 
fornia ranked in the States of 
the Union in cropped area, second only 
25h to Texas in gross income from erop pro 
4 2. duction. The per capita income of farm 
population, however, is greater for Cali- 
£2 TRIAL PATTERN OF CALIFORNIA 
stry has grown rapidly” in Oali- 


‘fornia, responding to the westward move- 


1.—Past GrowrH ment of the center of population. From 
Ov CALIFORNIA 1914 to 1929, the value of manufactured 


= 


-sigaiilbeiiaie increased 330% and the value 2 added by manufacture, 410 per cent. 
In each case, this rate of increase was nearly twice that for the United States _ 
‘The 1929 industrial census for ‘California does not present the distorted 
values that would be given by statistics compiled during the depression years, 
investigation, therefore, presents both | cross-section of California 
industry in 1929 and a reconstruction of the opportunities for industrial _ 
- expansion that existed in that year. - As industrial development has not kept 
pace with population g growth during the depression years there is, in 1936, a 
even greater opportunity for new industrial development California 
that indicated by the 1929 statistics. 
_ The 2 average value of industrial products per capita is nearly the same fo 
te State of California as it is for the entire country. The a 
parison of these values for the years 1929 and 1931 indicates the abnormal 


x situation that existed in 1931 after the depres ler W: 


ne 


was well under way: 


tat) 


California 


“Permissible Economic Rates of Irrigation Development in California.” Bulletin, vale. 
of California, P. 38. 
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Value of Industrial Products per ‘Capita 


Mor the entire United States. 


ow 
“thet was at least its ving share of the nation’ 
manufactured goods and that little opportunity existed for profitable roid 
‘trial ‘expansion i in 1929. A detailed study of California’s manufactured pro- : 
ducts, however, shows that the picture is distorted greatly by several indus- 
tries that serve a much larger population that of the State. For 
“example, i in 1929, the industries in 1 California engaged in the canning and 
preserving of fruits and vegetables served» “nearly 36 000 000 people on a 
| _ proportionate basis; the motion picture industry served 85 500 000 people, 
and the petroleum refineries served 22 500000 people. Fire cea 
The total value of the products of these three enbnbttes was $834 612 000 
- for the State of California and $3 574 000 000 for the entire United States. — 
if these sums. ‘are deducted from the total value of all industrial ‘products 
shown in the foregoing list it is found that the values of the —_ 
_ products per capita were $407 for California and $547 for | the entire United ( 
States. These averages show conclusively that the majority of the industries = 
in the State were not sufficiently developed to supply their adjacent markets. = 
(ies The principal industrial areas in California are the Los Angeles District _ 
and the San Francisco- Oakland District. Fig. 2 shows the extent of each dis- 
| 


VOI 
ngéles 
resnd Kern Industrial Piatict 


> 


Fic. 2.—RELATION OF PRINCIPAL tububresae, DISTRICTS TO CENTRAL VALLEY AREA 


i trict a and its relation to the Central Valley Area. Table 3 which gives the 
industrial characteristics of each of the principal districts, and of the — 
der of the State, reveals that industry in California has followed the usual — 
‘len 

f urse; the greatest industrial concentration is found in the areas of greatest 
population density. This tendency of industry to follow its 

at be altered by the adoption of an industrial decentralization program in 


a connection with the Central Valley Project. ¥ Actually, decentralized planning — 
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the thickly populated ar areas | to be. a for both industrial and agri- 
development. Furthermore, a co-ordinated industrial and agricul 
tural program would enable these valleys” to ‘support a greater 

—— density than that which could derive a living from agricultur 
alone. The distribution of industries throughout the Central Valley th 


or Principat InpustrRiAL Districts Cauirorxy 


strial Population per square engaged in 
— distr in 1930 Sie mile, in industry 


aa 
4115 108 $1 319 000 
530 
49073 | | | 000 000 


| 155 652 | 36.4 | 362000 | $3 103 000 00 


fore, would have a centripetal. effect. oa their respective market areas, 
only would these industries be situated favorably, as far as the existing 
rh. ‘potential markets are. concerned, they would also have the ultimate ‘result 


of creating important new markets which would ay inwardly toward the 


f ts In order to get get a true concept of the ¢ deficiency of capacity of the Cali- 
- ‘tom manufacturing concerns in 1929, it is necessary to make a detailed 
study of eac the 327 industries ‘classified by the industrial census. If 
_ the population served by each industry in the State is computed from the 
9" statistics it is possible to ‘establish | for each poy the Potential 
‘maine that exist within the State boundaries. Se 
The most satisfactory method of estimating the population served by each 
industry is ; based on the aver average values of manufactured products pe per capita; 
for example, the total value of the products in 1929 of the boot and shoe 
= was about $966 000 000 for the entire United States; the average 
value of product per capita, based on a population of 122 000 000, was $718. 
‘For the same year the total value of the products of the boot and shoe indus 
, try in California was $8 095000. Dividing this sum by the average value 
$7.92 per pers person | gives a total of 391 000 ‘servi ved by the California 
factories. difference between the population of the State (5500000 in 
1929) and the ‘population served by the industry is 5109000 persons who 


wo 


ave 


urchased shoes that were manufactured “outside the State. Further 
- analysis, including estimates of the population per establishment and the 
employees per establishment, indicates that | 56 additional average shoe-manv- 
facturing establishments, ¢ employing a total of 9400 p persons, could have been 
established in —— in 1929. _ Table ” shows the results of an analysis, 


Computed from in United States Industrial Census, 1929. 
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upy oF CALIFoR 


ge [38 | 88 
415 000; 18 5 $4600 000 
Ammunition and related products........... 5 800 000]...... 1 965 
Asbestos products other than steam packing and pipe} 
and boiler covering 1 820 000)......) 3 2 520000 
Asphalted felt base floor covering............. 8 700 000)...... 1 440 000 
Bags, paper, exclusive of those made in paper mills... .| 1 285 O000}...... a 4 2 920 000 
Baking powders, yeast, and other leavening compounds.| 2 560 000|...... 2 2 By) 
Baskets and rattan and willow ware, not including) — ‘ee ; 
Belting, leather......... §90 000) 10 
Blacking stains and 717 000) 
Bolts, nuts, washers, and rivets not made in plants My 
_ operated in connection with rolling mills........... 1 045 000} —«éb 
Bone black, carbon black, and lamp black. .......... 1 570 000)...... 
Boot and shoe cut stock not made in boot and shoe| A iad 
Boot and shoe findings not made in boot and shoei = | 
Boots and shoes, other than 700) 12 
Boxes, paper, not elsewhere classified................ 3 000; 38 
Brushes other than rubber....... 400 000] 8 
Carbon paper and inked ribbons.................... 2 140 000) 4 
Card cutting and designing... 1 740 000]...... 
Carpets and rugs — wool, other than rag............ 1 820 000]...... 
Carriages, children’s. 1 540 000|...... 
Cars, electric and steam railroad, not built in railroad ‘ 
ash registers and adding, calculating and card tabu- 
2 950 000)......) 2 4950 000 
65.550 ones 1 700 000).. 3 610 000 
Chemicals, not elsewhere classified........ 221 000) 48 7 
Cleaning and polishing preparations......... acces 285 000) 34 
_time stamps........ 2 170 000j...... 1 900 000 
Clothing (except work), men’s, youths’ and boys’ eae, a 
(not elsewhere classified)................e.0ee000- 33 000} 88 130 31 600 000 
Clothing, women’s, not elsewhere classified........... _ 15 100} 305 182 38 600 000 
bs and hairpins not made from metal or rubber...| 5 100 000}...... 5 a i 112 000 
orn syrup, corn sugar, corn oil and starch.......... 3 500 000)...... > i — 7 500 000 
Corsets and allied 000)...... 470 000 
ton goods.......... --| (95 000) 8 | 53 62 700 000 
Cotton, amall 605 000] 3 | 9 “2 840 000 
Cutlery (not including silver and plated ware), and 
jairymen's supplies, creamery, cheese factory, an ; 
Dyeing and finishing textiles. 000} 12 
Electrical machinery, apparatus, and supplies........ 138 
Wheels and other abrasive and polishings == | | pyre 
Engraving (other than steel, copper-plate, or wood), 
ating, etching, and die sinking.................. 650 000} 11 4 15 
ngraving, steel and copper-plate, and plate printing. . 267 000! 4 ie 8 50 
Envelopes. 000, 9 1| 352 
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“elt goods, wool, heir, ¢ or jute 
rid 


$2 333 


~ 


oundry thy 
F urnishing goods, men’s, not elsewhere classified 
gas meters, and water and other liquid 
1 690 000} 
464 000 
Let 4 Glare (except mirrors) made from purchased} _ 
283 000 


$33 


- = 
ug 
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¢ and 
Gold-leaf and foil 
Handkerchiefs 
Hardware, not elsewhere classified 
Hat and cap materials, men’s 
Hats and caps, except felt and straw, men’s 
Hats, fur-felt 
Hats, straw, men’s . 
House-furnishing goods not elsewhere classified 
Ink, printing 
Instruments, professional and scientific. 
Tron and steel — steel works and rolling mills 
Jewelry < 
Jewelry and instrument cases 
Jute g 

= goods. . 

Lace goods 
Lasts and related products 
Leather goods, not elsewhere classified 
Teather, tanned, curried, and finished 
_ Lubricating oils and greases not made in refineries. 

Machine tool necessories and small metal-working tools 
not elsewhere classified 

3 Machine tools 5 000 
Motor vehicle bodies and motor vehicle parts i 000 
bicycles, and parts 000}. . 
Musical instrument parts and materials, piano andj | 
organ 1 820 000) 
Musical instruments and parts and materials not 

elsewhere classifi 150 
Nails, spikes, etc., not made in wire mills, or in plants iy Sa. i 
operated in connection with rolling mills 22 

# Needles, pins, hvoks and eyes, and snap fasteners 

4 xe! cake, and meal, cottonseed 


ot 
o 


o 
£22238 
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PK 


S88 
S88 


materials: 
mixtures 
Pencils, lead, including mechanical 
P ens, fountain and stylographic; pen points, gold| j= | | 
steel and brass 
Perfumes, cosmetics and other toilet preparations 
Pocketbooks, purses, and card cases 
‘Printing materials not including ty Pe ¢ or ink. 
Pulp goods... 
Rayon and allied products 
Refrigerators, mechanical 
Regalia, badges and emblems...................... 1 
Rubber "a other than tires, inner tubes, and boots te: 
and shoes. 
Saddlery and harness 
Safes = vaults Ae 


3 


8 


a3 
222 28822222 


wom 


= 


og 
— 
Fire extinguishers, 4 350 000}...... 
Flour and other grain - mill products.. .............] 30 400) 54 
Forgings, iron and steel, not made in plants operated 
27° 
4 
89 
19 
4 
48 
13 | 
25 | 27| 1185| 5 
13 | 2520] 11 
12 | 19] 3 200 
Pulp (wood and other 615 000!......] 9] 1 220 
Patent or proprietary medicines and compounds......| 80 000} 117. | 20] 340 
[> 
65 | 24 576 
— 3] ae 
2} 872 
31. 
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2 050 2 070 000}..... 3] 235 
4 950 Serew-machine products and wood screws...........- 447 000) 11} 945 

640 ‘Sewing machines and attachments.................. 3 130 000) .. 2; £42550 
000) “18 | 26} 1 920 
000  Shortenings, not including lard, and vegetable cooking) 
3 050 000}..... 2] 158 
900 Silk and rayon 81 500}..... 67 | +6 250 
170 Boda-water 2 250 000 2| 134 
00 "Sporting and athletic goods not including firearms and 

‘ steel, except wire, not including plants oper-| | 
23 000 ated in connection with rolling mills. 1 415 000 2] 165 
3 790 00 ware, enamel ware. and metal stamping, ath 
enameling, japanning and lacquering.............. al 

900 00 Stationery goods not elsewhere classified............. 600 000 
720000 and other packing ipe and boiler covering and 

65000 gaskets, not elsewhere 000 (115 
115 Stereotyping and electrotyping not done in printings ona 
3 200 000 Structural and ornamental iron and steel work not ep 7 iy 
| 135 000 made in rolling mills. ...... 82 000 24 1120) 

383 000 Surgical and orthopedic appliances.................. z 336 000) 12] 350] 

960 000 garters, elastic goods made from purchased} 

110 00 | Tanning materials, natural dyestuffs, mordants andj Al 

465 00 assistants, and sizes.......... O67 OOD...... 

207 000 ‘Textile machinery and parts... 324 O000}...... 17 1 425 
750 000 Tin cans and other tinware not elsewhere classified....| 525 OO0|...... 1 600 | 
000 000 Tools, not including edge tools, machine tools, files, 
228 000} 20 | 19] 3 

318 000 Toys (not including wagons and sleds), games and 

987 000 playground equipment. 256 000) Ver 000 
) 200 000 Trimmings (not in textile mills) and stamped art wh 
320 000° for embroidery. ... . 191 000 19 | 292 350 000 

810 000 § Umbrellas, parasols, and canes............... 000}...... 6 166) 000 
300 000 ban Washing machines, wringers, dryers, and ironings 
160 000 ‘machines for household use........... 1 880 000 | 
480 000 wie drawn from purchased bars or rods............. 1 500 000). 4} 1140] 

100 000 & food, turned and shaped, and other wooden 

260 000 A Wool scouring 5 800 000] 

650 000 W | 462 000j...... 12| 4 270 

50 

320 000 
500 00 

‘ eé va ue 0 roducts manu: ac ure within the un aries 0. all ornia cou 
] t tured within the bo d £ Calif ld 
2 e een increase abou one- 1 or app oxima 

1r 

200 000 have been d by about one-third, tely $1000000000, if 

552 - the needs of the population within the State had been served by local manu- 4 
facturing: establishments. California industries had taken advantage | of 
this ‘opportunity 1742 new “plants, employing more than 164 persons 

u ave een estadiisne laps a ciearer Way 0O visua izin ese 
nS could he b tablished. Perl 1 y of li g th 
= deficiencies is” to state that an additional industrial development, nearly 

300 000 equivalent in size to that ; in either Los Angeles County or in the San Fran- a 
—¢iseo-Oakland District, could have profitable | markets within the State 

587 000° of California in 1929. 
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Tue CentraL Vv. ALLEY Progect 
‘The industrial deficiencies summarized in Table 4 are related intimately 


ti the inadequate water supplies of the southern part of the State. — 
be corrected by the | Central Valley Project. 


it Keanett Dam and power plant, the Kennett transmission line and ‘sub- atatiodh 
the Keswick ‘Afterbay Dam and Reservoir, the Keswick power plant, the 
Sacramento-San Joaquin Delta cross-channel, the Contra Costa conduit, 
the Friant Dam and power plant, the Madera Canal, the Friant Kern Cuneta og 
In to select a location for cach of the industeies listed 
wee 4, consideration ‘must be given t the following factor (1) Wat 
g en to the fo g er 
supply ; (2) proximity to supply and quality of raw materials ; (8) location 4 
of markets for the finished product; (4) transportation costs; (5) State and 3 
4 local taxes; (6) power costs—hydro- electric, oil, and coal; (7) sources of lebeit” 
supply, labor rates and attitude of those in control of State and local politics 
in controversies between labor and capital; (8) living costs; (9) climatic con- oe | 
ditions and general health; (10) social conditions; and, (11) availability of | 
‘The relative weight of each of the foregoing will vary y greatly 
with the particular industry; for instance, industries employing lanes num- — 
bers of are certain to rate labor factors high. Plants producing heavy 
or bulky products will place special emphasis on ‘transportation. costs and 


markets. . The development of such industries within 


tant Lvl in determining the location of breweries, creameries, and packing — 


It overlooked that many industries have not followed closely 
either cheap power Taw ‘materials | or favorable living conditions ; 
example, iron and steel mills are not located in Northern Minnesota eal ; 
textile mills are not near cotton or wool-producing sections. 
labor ‘supply, and transportation facilities are generally given greater weight 
thas the other factors in locating all industries except those producing food- — i 
stuffs. As a typical example, the iron and steel industry has been satisface 
7 torily located on the southern shore of Lake Michigan, because at that place = 
iron ore from Duluth, Minn., and cheap coal from Southern Illinois meet at a ‘ 
adjacent to the markets and dependable labor supply. 


s that wl be n made available by the Central - 
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lable 4 within a short period ¢ 
7 7 a currently with the irrigated land 
Walley Project. These lands w = 
_— ij capable of supporting a rapid population growth and, if industrial expansion. 7 
— 
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IAL AND AGRICULTURAL BALANCE 01 
is correlated ith agutaaal quowth, the population density will increase at > 


For assume that the industrial deficiency : shown by 
Table 4 will be made up in the period between 1935 and 1945 through a co-or- — 7 
dinated industrial and agricultural | development. Fig. 1(b) indicates that 
the increase in the area of irrigated lands of the State during that period — 
will be about 800000 acres and Fig. 1(a) th that the population inerease for — 
the State will be about 2000 000. Fe 
It is reasonable to assume that between 1935 and 1945 200 000 industrial 7 7 
pore in addition to those employed in California in 1929, can be settled 
permanently in rural districts and can divide their working time between : 
agriculture and industry. | If 1 acre of land were allotted to each employee for = 
- gardening purposes, , only one- fourth the increase in the area of irrigated ah, 
would be devoted to co-ordinated agricultural and manufacturing operations. 4 
To provide for the continued future development of irrigated lands, as 
indicated by Fig. -1(b), m more water will be required than that which will be 
furnished by the present Central Valley construction program. — These addi- - 
tional supplies will be secured from other in 
foregoing examples indicate broadly the opportunities foe industrial ex- 
pansion that exist within the | State and also show t that future industrial 
growth could be : absorbed by the Central Valley without changing materially 
the program of agricultural development now Planned for California. 
Although “exposition. demonstrates the relation of the entire Central 
Valley to potential industrial development, it does not show in detail the 
economic benefits that could | be obtained 1 by C0- -ordinating agriculture and 
industry. A more comprehensive picture of possibilities of -decentral- 
ized industrial planning i is needed, and this may best be obtained by a detailed = 


‘PART IIL—POSSIBILITIES OF MADERA IRRIGATION DISTRICT — 
LOCATION FOR 


ORDINATED INDUSTRIAL AND AGRICULTURAL PROJECTS 


The Madera Irrigation District in California is s1 suitable for combined 
industrial and agricultural development. owing to its ‘Proximity to 


“able labor supply. Fig. 2 shows its relative location. This District j is situated 7 
in the heart of the San Joaquin Valley, about 150 miles southeast of 
San Francisco, 150 miles southwest of Stockton, and 22 miles northwest — 
a Fresno, the oe t being the largest city in the San Joaquin Valley. The 


poe run-off of about 1750000 acre-ft per ey most of which comes srr 
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RECLAMATION AND INDUSTRIAL AND AGRICULTURAL 


in the flood season —_ May and June. The Chowchilla River is a ental 
. stream, with an average run-off of about 50 000 acre- -ft per yr. The District 
is intersected about midway by the Fresno River er, W which is also a flood- -water 


stream, with an average run- -off practically equal to that of the Chowchilly 


The total area of the District is 173 179 acres, of which 32719 acres are 
Tough hardpan, of doubtful value for irrigated land under present economic 
conditions, and 13 872 acres are -irrigable, but not as satisfactory for ‘cultiva- 
tion § as the better class of land. pas The remainder of the District, or 126 588 


‘acres, is first-class, flat,  irrigable land, “of which 75000 acres are now irri- 

- gated and cultivated and 51588 acres are not irrigated. The latter area, 

_ which i is now (1936) partly used for raising grain, is available for either indus 
trial co- operative gardening or for independent ‘agricultural | development. 
For the purpose of this investigation, it has been assumed that about one-half 
the first-class available land, or 25 000 acres, will be taken up by combined 


- The Madera Irrigation District includes two hig: within, ite limits, 
allele Madera, with a population of about 6 000, and Chowchilla, with a 
of 1 000. The rural population is estimated to be about 

_ making a total population for the District of 14 000. Aside from these | perma- 
r nent residents, there is a large transient laboring element which follows the 


ca ~ Most of the labor available is s unskilled. If permanent employment re 
= a large portion of the transient apps rllnternr settle permanently i 


@ 


are “available in n winter when not in and ‘many 

men who work in the granite quarry and logging « camps have extensive “off? 

seasons. As living ‘conditions within the District a are excellent, no difficulties 

would be ample supply of both ‘skilled and 

_ The average daily maximum temperature for the year is 75 adgresk The 

~ temperature 1 varies from a minimum of 36° in January to a maximum of 99° 
— in July. The climate is dry and exceptionally healthful. Regardless of the 
maximum temperatures that are attained durin the summer, personal 

annual rainfall is 9. 56 in., which is for the arid lands 

ot the San Joaquin Valley requiring irrigation. About 85% of the seasonal 

¢ omar comes in the six months between November and April, with a yearly 
tg average of about 45 days of ri rain, There: is a peculiar tendency, especially 7 
occur at night; so o there is little 


are especially favorable to development. 
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“Warer REQUIREMENTS AND Warer Supp valle 
For the purposes of investigation an analysis has been prepared on 


the premise that the District was fully developed in 1929. In the following 
~ analysis, it has been assumed that 25000 acres of the first-class land has been 
utilized by industry for co- -operative gardening purposes the 
remainder is developed by individual farmers. = weer 
Ts Probably not more than 85% of the a available land, or 119 000 ae acres, will be — 
-insgnted in any | single 2 year. The remaining 15% may be dry farmed, tem- 


porarily, or allowed to lie fallow. _ The quantity of water that will be required - 
: re by the project, therefore, will depend upon the relative acreages of the respec- a 
tive crops that are grown upon this land. ‘Table 5 shows the land use assumed 


‘in making this investigation and also the water requirements for each crop. 


TABL E 5.—Lanp U SE AssuMED IN Inve ESTIGATION 
mne-half 


Cro feet tion, 


ton 


with a 


t 7000, Total for irrigation 


oie Gem D ti d industrial based fut ulati f 
perma- ene ndustrial use based on future population o 


pws the 


nt were 


ntly in 

workers 

1 many 

re “off” 

jculties - tity 15% will be ‘recovered by p pumping, the other 10% being completely lost. 
The quantity of water, in acre- feet, to be taken from each source of supply, — 


From San Joaquin River, 258 000. -acre- ft, of which af 
three-fourths reaches the |: and. . 193 000 
Pumped from natural ‘underground recharge. . 5.000 
Pumped from artificial ‘recharge, of 258 


Total delivered to land and industries. .. 


This quantity is | only about 10% i excess of that which would be required 


if the District were developed as agricultural | project alone, 
Valley oon Tt has been estimated ‘that the cost of water from the San Joaquin and 4 
Fresno Riv ill be $3.00 per acre-ft after the of the 


— 


= 


Aee * Based on percentages used in forecasti ng demands for Central Valley meniest nasty 


San Joaquin 
“and Fresno Rivers after ‘the Conteal Valley Projects have been constructed. a 
_ Experience in a this District has shown that 25% of the gravity water diverted 
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present, de average total cost of pumping is , $3. 25 per acre- oft, This value il 

_ apply only after the Central Valley projects are constructed. As the ground-— “ 
water is now ow (1936) lowering rapidly, pumping charges will be increased _ mf 
_ if new sources s of supply are not obtained. On the basis of the foregoing unit 


costs, the total cost of water may be estimated as follows forking 


Gravity supply, 278 000 -acre- -ft @ $3. 00. 000 
Pumped supply, 114000 acre-ft @ 3.25...... = 370000. 4 
Operation and maintenance of gravity biden 120000 

Total cost of water per year... = 324 000 
Per ak 14 cents per 1000 


‘ 


4 Industrial and domestic use, 17 000 acre-ft@ 4.05 = 68500 =r 


The construction of the Valley Project | make available : an 


adequate and low- cost "supply of water for both agricultural and industrial 


van ample quantity of power is for both iat agricul- 


tural needs. _ Power charges vary from a minimum of 55 cents per kw-hr for a 
7 ~ monthly consumption of more than 5 000 kw-hr, to a maximum of 4.0 cents _ 


\e 


soils ‘a the Madera District consist of sandy loams of 


“excellent fertility, suitable for raising alfalfa, grains, trees and vines, — 


al the land i in . the District i is privately owned although a large part of edi 
ts in the hands of banks and mortgage companies. This situation, which is not 
Z. uncommon to irrigation districts, as well as other farming areas, points to 2 a 
the» need for a re-adjustment in irrigation planning. Obviously, a greater 
population | density is. needed, and this may be obtained most _ readily by indus- ee 
trial developments related to the land as a population base. -' a al 


an average of about 80 acres. Values of agricultural land depend 


a a - Holdings” in the District ran range in size from about 20 acres to 320 acres, 


‘Present upon the relative fertility of soil and the comparative ease with 


— 
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Valley Projects. The average cost of pumping in the Madera District is $0.05 
— 
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RECLAMATION AND INDUSTRIAL AND AGRICULTURAL BALANCE 
underground water may be developed. Grain lands, “considered non- 
rrigable under present conditions, are worth from $18 to $25 per acre. Land 
adapted to the growing of cotton, vines, deciduous fruit, ete., is valued at from r 


‘The Madera pee is traversed by the Southern Pacific and the . ima 
oe Topeka, and Santa Fé Railroads which connect it with the most important 2 
market areas. . Many of the products of the District are transported by truck — 
to Fresno where they a are taken over by jobbers. and packers for refrigeration 
* and shipment. The average length of haul to Fresno is about 25 miles, and > 
co the hauling rates vary fro from 8 to 12 cents per ton-mile.. i ai inl sidt a 
An estimate e of the of the crops, if the District ct were 
‘by completely developed, is given in Table 6. The prices upon which this esti- _ 


oma mate is based are the average f.o.b. values per acre for to 


1984, inclusive, a 


‘TABLE 6.—Vauve or Crops 


fi 


Crop in | Value per er | 


Alfalfa = 
94.00 


Cotton 


$73.44 | $8 740 000 


= * Based on average value for San Joaquin Valley ; derived from data given in “Permis-— 
on Economic Rate of Irrigation Development.” = 


ma _ The average gross value of crops per acre of crops for the years 1929 to 1934 
“— is : about two-thirds of the value for 1929". On this basis the average gross 7 

value per acre ‘for the Madera District i in 1929 would | have beeen $110 per acre, — 


‘Bi the total gros: gross s value of crops for the District would have — va 090 on. 


Projects, as follows: 


Carlsbad, New 


on Federal Reclamation, Haw and Schmitt, M. Am. Soe. C. 
woe 


z= 
q 
al 
4 
sed 
: 
— 
— 
7 
an 
ial 
ial 
i 9-400 | 50,00 | 470 000 
— 
| Gross average value of crops 


Ex srinc InpustRL Pt = 


“ippete are seven cotton { gins scattered throughout the Miers District from 
‘Chowchilla to a region eight miles —. of Madera. There is also a cotton- 
mill and a creamery at at Chowchilla. There are | three wineries “within the 
project, with a combined tankage of 2757 eal, and also a lumber 


4 a capacity of 5000000 fbm per Laan 


geil Ie: is of ‘course, to forecast ‘accurately the kinds of industries 
that may be attracted by a ‘given situation. All that may be accomplished 


8 try and within the District by the of the 
area and of a selected group of manufacturing plants. Table 7 gives a list 
of industries that could be located within the Madera District and also certain | 
average relationships which have beeen from the statistics for these 


4 in the Industrial Consus of; 1990. at 


—Inpustees Tuat Courp Br Co- witH AGRICULTURE 
Mapera Ireication District — 


‘ Cost of Value a 


Ob 
be 


~ 4 InpusTRIEs ENGAGED IN PROCESSING AGRICULTURAL PRropucTs 


12 400 000] $17 700 000 
11 400 000) 21 400 000 


Pocketbooks, purses, and| 
card cases. . 

Cotton goods. . 

Woolen goods. . 

Knit goods 

other wooden goods 20 130 ooo] 425 660 000 620 000 


Sub-Total $3 206 000|$16 190 000/$45 480 000) $78 510 000/$33 030 000 


] 


Inpusrrres Encacep iv Manvracruring AND ELECTRICAL EquipMENT 


“Agricultural implements.| 800) 5 $225 000} $990 000) $1 910 000; $4 600 000} $2 690 000 
Electrical machinery. . 2 110 000| 5 650 000| 12 000 000| 28 500 000] 16 500 000 ‘i 
mechanical 862 000) 1 510 000) 3 740 000 8 350 000} 4 610 000 
manufacturing 328 000] 1 120 000) 1 270 000} 3 810 000) 2 540 000. 


Sub-Total 
25 000 


oe listing this group, it was assumed that about one- eighth the total 1] indus- 


trial deficiency for the State (see Table 4) would be developed within the 


Madera District. have concentrated more industries in this area (on 
the 1926 1929 basis) would have defeated the purposes of an industrial decentraliza- — 
tion program. The plants were selected, therefore, with a view to ‘obtaining © 


i. well diversified group a a total annual value of product equal in 


AG # oa, \ 


- 


— 

L 
— 

— 
1 
10 000 000 
a 76 O00) So 370 000 ‘ 
1000 ooo| 4 950 | 000 000 
5 000} | 2 000 000 
$45 260 0001826 340 
8 920 000 $59 370 000 j 
9 270 $123 770 000 $59 37 

3 025 000] $ $64 400 0001$123 770 
q 
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bat’ The of the industries shown by Table was the following 


a) Industries were selected that would not compete with existing ind 
tries within the Madera District. 
The location the heading “Possi- 
bilities of the Madera Irrigation District as a Location for Co- Getta. 
- Industrial and Agricultural Projects”, are favorable to each of these » industries. 
8) All manufacturing plants listed in Table 7 could have their operations - 
0 -ordinated readily with agricultural work, that is, workers could divide a 
between me and their gardens interfering with 


(4) Two ‘groups industries were The first relates to the pro- 


ceasing of agricultural products, and the second consists ¢ of certain. indus- 


— using mass-production methods in their manufacturing processes, Both 
groups a are compatible with a program of decentralization. — Industries engaged - 
the processing of agricultural products that co could be raised within 
Distriet would effect large savings in transportation costs and offer ready 
markets f for the raw materials produced b by adjacent farms. Workers engaged 


tN 
in mass- -production operations, as previously tn. this paper, need 


"greatly both the physical diversification and the “back- log” « employment — 

may be e obtained through part- rt-time gardening. > bab é 
wet 

a (5) The : annual value of the products of each of these plants i is ; either equal — 


ie 
(6) Raw materials for each may either be produced within the 
District or _— in by rail or water transportation from adjacent sources 


Approximately 25 000 industrial would be required to operate the 
plants shown by Table 7. As each of these would represent a family of about be 

- it is reasonable to assume that the total increase in population due to 
this industrial "development would be 100000. Allowing 1 acre of per 
worker for gardening purposes, a total of 25 000 acres would be required — 
“for industrial developments 2 previously herein, 


‘Table 7, would offer little to similar ‘industries’ located in the 
4 vicinity of Madera. This fact is shown clearly by Table 8 which gives an 4 7 
analysis | of the existing market served by each industry § shown in Table 7. a 
sdf The three ‘industrial areas analyzed in Table 8 are outlined in ‘Fig. 2 : 
UY alues of products and the population served for each industry Were segre- 
gated for these three Districts. It. will be observed from Table 8 that the 
Population served by most of the industries within each District is: now | ; 
appreciably less than the population | of the District. This means that the 
i ‘existing: industries : are not even | meeting the > needs | of their adjacent areas 
and, therefore, would not offer much competition: outside these areas. 
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“RECLAMATION AND INDUSTRIAL AND ) AGRICULTURAL BALANCE 
oni Consider, for example, the products of the plants manufacturing boots ; and 
- shoes. In the Los Angeles industrial area, the shoe factories served 1 only 


203.000, persons, | leavi ving a ‘market | of more than 2 000 000 persons in. this 


OakLanp Inpvus- 4 


‘ Value of | tion | Value of| tion | Value of 

product, | served | product,| served product, 

+: [in thou- by in- in thou- by in- in thou- 

ov) a ai othe sands of | dustry, | sands of | dustry, | sands of 
dollars | in thou- | dollars | in thou- | dollars 


who must purchase shoes that are elsewhere. ‘Table 8 show 
‘TABLE 8.—ANALYsIS OF MARKETS AND CoMPETITION che 


sands sands 
4410) 2 946 


Boots and shoes.. 8,095 391] 


purses, and card 


_ Wood, turned and) | 
wooden goods...| 1159] 2040| 645] 1130) 410 
42131] 2240] 11 009 26 865 
facturing....... a 969 1051 897 “480 | 023 
_ served to or enter thn 
that the plants ‘manufacturing agricultural serve more per 


sons than the population | listed under “Remainder of State.” A. deficiency for 

this product however, exists within the State, and this justifies the inclusion 


of such plants in Table 7. 


developing within the District the industries shown by Table 7 is through com- 
4 parative statements showing the possible results of operating the District, first 
as an agricultural project alone, and then as a combined industrial and agri 


cultural project. In preparing such statements, the gross annual value of the 
J ia crops may be compared with the total value of the products given by Table 1 
a ‘The gross values of the crops represent the prices at the land, before trans 
portation and other charges have been added. The values of products like- 

wise represent the prices at the factory. Both these values are measures of 
 amat to the agricultural and industrial il workers a as their individual net 


incomes | should vary in proportion to gross values. It. would be better, 


Wy 
tion Value of tion 
served | product,| served 
by in- | in thou-| byin 
dustry, | sands of dustry, 
dollars | inthu 
1464] 
{ 
"Phe best wav to visualize the fnancial improvement that would result from 
tid 
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course, to base the comparison on the net income per capita before : and after 


the introduction of industrial plants. - Unfortunately, such an investigation — 
would involve lengthy studies of agricultural and industrial production costs 

| a vary so widely that generalizations would have little or no value. ‘ 

In Table 9, the District is assumed to be fully ‘ developed. It must not be 
understood from this comparison that industrial workers would have nearly 


TABLE 9. —Comrananive OF 


ue of product $124 000 000 “ $137 000 000 - 
Value of product per capita 240 $1 100 


‘opulation 100000 | 125 000 


twice the net income earned egricutural workers. It would be 


per capita of $260. “This would correspond to the 1 average wage per capita of >. z 


o the 3 industrial population which is estimated from Table 7 to » be, $21 691 000 691 000 


With the improvement in agricultural that will follow recovery, 
there is every possibility that the i incomes of agricultural workers and indus- 
trial workers would be about equal. It is certain that the industrial worker = 
would have nothing to lose by devoting part of his time to gardening as the — 

_ land utilized for raising truck yields a rate of return that would probably 

exceed industrial wage rates. On the other hand the worker has everything 
to gain by having an alternate source of lay-offs and 


i ; ual developments would be at least five times that of the District if it 

Were devoted to irrigation farming alone. This does ‘not include the great 

number of additional people that would be n necessary for professional and 

be commercial occupations. _ Although this part of the population is difficult to 2 

estimate, it is « 3 certain ‘that the increase would be substantiol. Tables 1 to 9, 

- therefore, do not include all the benefits of decentral ization, industrial oni 

struction, highways, schools, churches, and buildings, because social institu- 
tions would all help to develop the ‘population: and would 

benefits to the District as a whole. 


a 


tee assumption that 1 acre would d be « cultivated by each industrial worker — 
a ‘is rather liberal for the needs of the : average . family and is greatly in excess 
of the actual requirements for a subsistence basis. The writers, however, 
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advocate an than a subsistence level of living. The care 
1 acre of ground would require about 1.5 days per week per worker if the 
- g plots were operated according to the centralized plan as as developed in Examples 

- 1 and 2. As a matter of fact, industrial gardening on irrigation projects 
oe could be 2 operated 1 under no other plan, as it would be impractical to water = 
__ Experience has shown ‘that clearing and preparing so te industrial gardens 

for planting could best be handled by the several ‘companies within the » Die 
trict. The land adjacent to the plants could then be laid out in plots which — 

4 would be assigned to the individual workers, The rotation plan of operation 

is not ‘recommended as this “removes the incentive e derived from individual 

accomplishment 
4g Educational measures and strict supervision are absolutely — a 

would not be necessary for each plant to employ a trained agriculturist as one 

- organization could handle the agricultural operations of several concerns, In 


= 


“@ addition to direction and education, the supervisor and his assistants would 
_ purchase and distribute seeds and also would manage the storage, dietribedlle. 
and marketing of the agricultural products. — Central storage facilities and dis- 

_ tribution systems would be provided by each company. This measure is neces- ; 


sary to insure both the pi proper care and handling of the produce and a a minimum 


| 
‘The: ‘detailed ‘study indicates clearly that economic improvement 
 -would follow the co-operation of industry and agriculture on ‘irrigated areas, 
et is not within the e scope of a a single pa paper, however, , to p present a quantitative 
analysis that even begins to show the potential benefits made possible by the 
great water conservation projects now (1936) being constructed. 
3 - New thinking i is necessary if these results are to be achieved. One ne cannot. 4 
a the areas affected by Boulder Dam, or by the works now (1936) being 
constructed in the Central ‘Valley, the “Columbia Basin, 0 or the Tennessee 
Valley, in terms of flood control, power, or irrigation alone. Larger 
= objectives will be attained if the new lands made available by each project 
‘considered asa population base for a potential industrial development. It 


is entirely possible that many future industrial areas will develop about water SH 


conservation works rather than about congested cities, = 
These new industrial areas will not be limited | by either State lines or 
- other political boundaries; markets and transportation costs will determine the — 
competitive limits within which the complementary industrial and agricul- 
tural developments of a water conservation | project may serve economically. 
For example, the area which the future industries of the Central Valley 
“% project could ‘serve may be much greater than that of the State of California 
as assumed in this ‘investigation. To determine accurately the total potential 
industrial growth of the Central Valley, investigations should be made for — 
the: purpose of establishing the limits of the competing areas that will be 
adjacent to the Columbia Basin pr projects, to Boulder Dam, and to “other 
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‘ 
projects suitable for industrial development. Obviously, such investigations: 
have an important place in future national planning. 


Widespread industrial decentralization correlated with water conservation 
be brought about only by the joint efforts of business and the Federal 
| Government. Manufacturers are turning to industrial decentralization pring 

because it is is profitable. The opportunities for profitable industrial 
expansion will follow the extensive 1 water-shed development programs that 

have been sponsored by the e Government, 
| Industrial relocation in rural areas and subsequent co-ordination with — 
| agriculture will be beneficial to the entire country. The markets for both agri- 

| oe and industrial products will be brought closer together; therefore, _ 


decentralization will aid materially in ‘the solution of the distribution prob- , 
= Existing industrial areas will x not be affected adversely by such a move- : 
ment; as a matter of fact, relief from over- -congestion, due to the abandonment — 
many obsolete accompanied by the migration of both industry 


quated plants that are now found so ‘frequently i in industrial centers, 


units. in n healthful locations would replace many of the anti- 


The stabilization of income through occupational diversification would 
5 result in a tremendous increase in demand for all products, and lower pro- 
duction costs would put these products within reach of the workers, Iti is safe 


compete with the plants within existin industrial areas. ioe : 


a, It is recognized generally that the present demand i is not near the satura- — 7 : 
tion point. — Ww hat average person, : , for example, would not be glad to double his 7 
(or her) wardrobe if economic conditions permitted? A little ‘thought will 
show that this situation extends into every department of modern life; a 

; tremendous potential demand i is thwarted by putting the products | of industry nae 
f just out of the wage , earners’ reach. Once these obstacles are overcome, itis 
_ safe to say that the total industrial production capacity of the nation will be __ 


Actual experience has proved that labor is ready and willing to — 

both diversification and decentralization. ‘This transition cannot be accom- 

i me over night; considerable training and re-adjustment will be nece necessary 
before the benefits of decentralization may be realized. The end results, how- 


‘taal produce; actually, they would help to lift the of relief which is at 
fornia only robbing the fa farmer of his market, his tax load as well. ¥ 
ential 
le for | farmer ni now helps with the giving. Iti is aa to say that the greatest losses 
ot the depression have been the production losses due to idle time. Any sys-— 
tem that will help to » capitalize idle time, will also reduce the relief load, and 
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rove the « economic > condition of the entire country. Such i Improve: 


To summarize, water conservation correlated with combined manu- 
facturing and farming developments would assist in bringing about: the 
balance” between industrial and agricultural, “production that is necessary to 


This paper brief for any of government, o 

- controversial class philosophy. | The suggestions herein contained are ce 

; applicable t to the present industrial system and | democratic form of government, 

as to any other form. : The paper has been kept as free from the mention of 

Specific commercial names possible in order to emphasize the purpose 

/ y of the e various examples as rey representative of their kind rather than as an effort” 

‘to promote a certain isolated case. 
y Ct‘ _ Because of the importance of their contribution, however, free acknowledg- 
“me ent should be 5 given to: Edward Hyatt, and Harry Barnes, Members, Am. 
Soe. C. E.; T. G. Graham, Vice-President of the B. FR. Goodrich Company 

of Akron, “Ohio; A. E. Peters, General ‘Superintendent of the Tngersall 
‘Rand of Phillipsburg, N. O. Hagie, Managing Secretary, 
_ Chamber of Commerce, Yakima, Wash.; Mr. F. Stewart Fitzpatrick, Man- 
ager, Construction and Civic Development Department, Chamber of Com- 


merce, Washington, Mr. Charles F. De Bardeleben, President, Alabama 
OF uel and Tron Company; Mr, J ohn W. Haw, Director, Agricultural Rare 


Mae A. Schnurr, to ‘the ‘Commissioner, U. S. of 


tion , Washington, D. C.; Mr. John P. Ferris, Tennessee Valley Authority, 
Norris, Tenn.; C. D. General Superintendent, ‘Holly Sugar Corpors- 
s tion, Sidney, Mont.; and J. J. Haly, Jr., Administrative Assistant, Depart-_ 4 
‘ment: of Public Works, ‘State of California, Sacramento, Calif. ‘Fig. 1 of the 
paper was "prepared from data supplied ‘by research at the University | of 
California. _ Unpublished data from the private files of the sere organi- 
zations, in large ‘measure, form the basis for the paper. 
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"DISCUSSION 


he engineering angle. ify is, in 1 other words, the application of engineering — 
nalysis to certain economic and sociological problems | which all too fre- 

‘quently in the past have measurably lacked that desirable form of analysis. _ 
t deals specifically with a phase of national development that is likely to = 
it is not already, an active political issue. The West --under- 
stands and appreciates the benefits of reclamation, believes it to be a national - 
asset of great importance, and if its value can be materially enhanced in the — 

_ manner indicated by the authors, it is a matter of national economy and of a 
national well-being in which every one a vital stake—a ‘consummation to 
be 

. i. Some, no doubt, will feel that the a authors are perhaps too opilealettie: as 

~ to the extent that 1 major industries may advantageously be decentralized and i 

_ transplanted to newly developed, or long existent, reclamation areas, and that p ~% 
doctrine of self-sufficiency may be over- -emphasized. _ That there are, how- k 
ver, distinct possibilities in that direction, and that there’ present 


0 submit few brief comments on n their x main ‘thesis, as as follows: 


(a) A well balanced distribution of industry a and saricoliure ‘a 18 desirable 


unquestionably, diversification of occupation and decentralization of 
industry afford social. advantages as pointed out by the e authors. However, 
with the nation’s plendid and steadily improving transportation and com-— 
munication systems, complete balance for individual areas is not absolutely 
z necessary and, in many cases no doubt, not ‘entirely desirable or possible : 
from economic considerations. In general, both industrial and sitios which boy 
ee production should be fostered and expanded « only in those localities which cin 
are best adapted to the particular industry and the particular agriculture 
in question. Development should not be unduly forced on a fetich of self- 


If California is not entirely as to some that” 

. is, if it is not a completely balanced economic unit, it is more than self- cae 

. taining as to other industries for which it has a nation- wide. and, to some 
extent, a world-wide market. Certainly, it would not desire to surrender _ 
these markets. Other States and other localities are similarly situated and 7 
is, by no means necessarily, an unwholesome 
(c) More can be said for the need of national self- thnk. for 

b State or local self-sufficiency. However, with a broadening of =< 


and of amicable agreements between nations, and age again with the 


as 
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world trade is “highly tmpertaat $0 ation and , similarly, the 

=~ active interstate commerce is of high | economic value, These desirable ends 4 ‘nN is 
> would be largely sacrificed if the doctrine of self- sufficiency i is carried too far — re 
Important developments in the direction indicated by” | of 
aa are no doubt possible and desirable, but there is always economic danger j in a e ms 
broad generalizations, a nd caution is essential in the application of new 
en economic theories and doctrines. The fact is that each particular industry, ; tic 
and each particular locality, demands a detailed economic analysis by experts dal 

in the particular lines involved before a safe program in respect thereto can | 2 
outlined. ‘That the authors recognize the essential correctness of this state- 

ment is evidenced i in their discussion of “Location Factors.” 
tt is noted (see heading “Cost of Water Supply”), that a uniform "Price 
cm of $4.05 1 per acre-ft is designated for all classes of water use. _ Tf the 1 water tt 

charge , for industrial and domestic use were increased three or fourfold 
(a charge could readily be borne for those uses), it would permit a 
‘material decrease in the charge for irrigation water. Industrial gardens ¢ 


a ‘b- stand a heavier water charge than general agriculture but, for either, a charge — 
a of $4.05 per acre-ft, which amounts to to from $10. 00 to $12.00 per acre per 
season, is rather heavy—much heavier than is customary on ‘most irrigation 


oak projects. _ A variation of | rates for the different uses would coum to be 


at 


| od 

‘ing remedial ‘measures, pay as those suggested in this paper. ‘The 
believes that the future n may y be considered safe ‘when engineers, rather than ‘d ‘ 
rr 


‘a sociological and political theorists, prescribe for the ills of society. — Prt eae ‘As 
The paper contains the kind of “medicine” for social and economic 
+2 ‘ills that the late Henry ‘Arnstein, noted Consulting Chemist of Philadelphia, 
 ~Pa. , urged i in the pages of every publication available to him. “Get the most ‘ 
out of natural resources” he ‘pleaded, and his doctrine was ‘more widely 
ne accepted in the thirty foreign ‘countries to which he was special adviser in 
x conservation policies, than i in his own wealthy and profligate country. nf stays. 
The authors should add to their treatise an “appeal for the: development 
in the areas described, not only of branches of old established industries, but 
of new manufacturing agencies to produce—from surpluses, and from waste 
material—syntheties suitable as substitutes for material now imported. ‘That 
was the final treatment in Dr. Arnstein’s formula for changing a wasteful : 
; te Much of the appalling extravagance of the last few years will be compen- ey. 


sated and d the fature tax “not only justified b but “written off”, if 
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and demand that, in addition to example, 
they learn all the synthetic possibilities of every splinter of every tree that 
jg cut; that instead of merely making more sugar to compete with 
“reciprocity” sugar, the new industries be encouraged to develop fuel aleohol; 
and, that in some of these ese areas, the dyestuffs and fertilizers and hundreds 
zs other products now imported, may be produced by engineering research 
magic from surplus and waste, Engineers will have occasion for greater 
pride i in their leadership in the field of conservation than in the construc- 
may the tallest buildings or the biggest bridges, which seem to be the 
largest scale production now attributable to engineering knowledge and skill. 
.~ latter utilities are evidence of genius, but conservation progress is | genius = 


M. Au. Soo. 0. E. (by letter)—The clearly expressed 


im presented in this paper are both impressive and convincing because of 


the sound logic used, the practical examples cited, and the reasonable co a 


sions ‘Teached. examples and principles must be relied upon largely for 


and co-ordination of agriculture with other essential and basic 
Pioneers generally ha have had to develop bre 


j future guidance in the decentralization of industry, orderly | diversification of i 


isolation. Over- of in crowded centers has 
had the opposite trend and effect; any reasonable means for bringing about — 
‘of industry and | ‘diversification of labor, especially among 


rural surroundings and in more or less closely related branches of agriculture, _ 


my Too often such ‘motives have been announced, the colonies and industries 
the land subdivided and disposed of at ‘rising prices, only to” 

suffer collapse when it has been demonstrated that the proposed industries — 

cannot ‘thrive under local conditions as t to raw materials, power, labor, water 
supply, or market. In other instances, smelters and mills for the reduction — 


§ ore have been established i in rural communities, es to be shut down and 


activity and temporary when they discovered the deleterious 
of pollution in atmosphere, streams, pastures, fields, orchards, and in the soil | 
itself. Other objectionable effects have attended the establishment of 
tries with characteristically unpleasant and noxious odors, 


the well- matured studies” and procedure associated with community 


Planning are utilized in connection with both reclamation and the been 
ir fe industries that are considered in an effort to promote a stabilized industrial a 


Cons. and Hydr. Engr., SCS, Washington, D. C. 
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activity, there is reason to expect attainment of the desired objectives, with yur 
avoidance of the costly errors so often experienced heretofore. Long- “range entl 
planning implies the consideration of all lines of activity and growth that ac 
may be reasonably foreseen or imagined, with adequate provision for each | the 
essential element of the industrial system along with agriculture and its peti 
ramifications, and finally, adjustment and reconciliation of their ‘divergent “he! 
The citizens of the country must recognize and adjust themselves to the but 
inevitable trend aw away from the smallest industrial “single run- -of- 


operated saw- “mills and planing mills or wood- turning ordi- 


cement works, lime- kilns, foundries, works, canneries, dehydra- 
tion plants for fruit and vegetables; the small creamery, ice-plant, storage 4 fa 


, laundry, and indeed nearly all the ordinary ‘commercial and m manu- 
chemical analysis and testing, research laboratories, water supply, fire pro- 80 


tection, storage, buying of raw materials at favorable prices, marketing of 
the finished product, smoke abatement, industrial and household waste disposal, _ 
ie maintaining good- will of customers and of public officials—all these have | 
it 
- seemingly | grown beyond the ‘capacity - of an individual or of a small group. 
_ They demand a technical staff with background and experience as broad as the _ 
_ problems they will be likely to encounter. . The dependence of a a highly trained h i. 
- staff, the operators, and their families, uy upon the stability of the enterprise calls a 
4 for the maintenance of a substantial reserve of both raw materials and finished 
products, as well as substantial al credit and Tiquid assets, to bridge over periods = 


& 


_ those occasional instances where a small industr can thrive, such 

as for corn- meal or other feed-grinding units at a centrally located farm, 

convenient to dependable and low-cost power, there should be an attractive 

future as long as the quality of the product is conscientiously maintained — 

according g to acceptable standards. Service to certain farms with heavy 


tonnages may be rendered to best advantage by means of portable grinding | aa 
units. As such work is usually seasonal in character, and follows the main 
ha irvests of grain, it could well be one one of the ‘euiillary activities “maintained - } 


in connection with a well- equipped farm, 


Other services, trades, and ‘specialized work are normally in demand if 


wherever a community establishes itself and has a reasonable assurance of 

continued growth and prosperity; but none of them has so nearly a guar 
. anteed supply of raw materials nor so wide a market demand as have th say: 
a branches of agriculture: which furnish foodstuffs within ready access of 

population centers. The important part of the unemployed families’ living 
supplied by the industrial co- operative garden projects, as described ‘80 inter- 


estingly by the authors, vividly illustrates the nearly independent status of 4 
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ith | rural home owners small acreages and skill, industri 8 habits, and 
range enthusiasm sm for agricultural enterprises” appropriate to the reg region. To ‘such 
that a citizen, trained to thrifty ways and inclined to make some provision for —— 
the future, occasional interruptions of industrial employment mean merely a 
d its better opportunity to. concentrate on his gardening or ‘such | other activities as 
rgent he has established, more rigorous reduction of expenditures, depletion of sav- 
o ings, or combination of such measures. ‘He is not facing unemployment, 


> the but rather the problem of adaptation to available employment. 


‘iven, pa natural inclination, training, and habits of life to become contented aor 7 
ordi- dependable members of rural communities relying mainly upon agricultural — 
“pursuits. Early Colonial history and subsequent frontier life in this country 


here- ‘afford many examples” of failure because of ‘unwillingness or inability to 
small forego the use of seed-grain and vegetables during periods of privation, when z 
ydra- 


qi ~ such temporary appeasement of hunger plainly meant another season of eg 


famine or abandonment of the venture, admitting defeat at their own hands 
anu-— ‘and under the stress of circumstances. 
Granting that improved means of communication and the ‘Tecognition _ 

society’s responsibility to aid individual members during emergencies 


pro- | 
ig of radically changed the outlook for struggling colonists and “back- to- the-soil” 

devotees, some vestige of ‘that self-restraint, control over appetites, and long- 
have § range planning for economic stability must be maintained if resettlement __ 
roup. | | projects are to prosper in an approach to their main objectives. - Among these 7 : 


lined agriculture with other basic industries, thereby establishing a positive defense 
calls _ against the recurrent depressions, temporary collapse of property and security F S 
ished values, disorganization, distress, discouragement, and attendant ills. 
riods ae On many reclamation projects where irrigation is the main dependence — 


sthe | are decentralization of industry, diversification of labor, 


for crop production, snow surveys afford a satisfactory index to the ‘season’s 


such ~ supply. If reservoirs provide considerable carry-over from ye years of 
arm, {| surplus, the inclination is to draw a minor portion of such reserve during any , 
ctive ¥ one season. 7 During years of extreme drought, and before adequate reservoirs 

pr provided, occasionally happens that the limited irrigation supply i 
eavy | ‘tequired mainly within orchard and small garden tracts. The main recourse 
ding for the growing of forage and grain Crops, under such circumstances, has 


nain been dry-farming, resulting in the improvement of methods and the pro- 
ined _ nounced extension of areas within which it has proved moderately successful, — 

eae year after year. _ Even such persistent 1 weeds as the Russian thistle provide a 

nand — hk excellent, succulent pasturage as long as they are kept closely grazed; and 

e mature plants have much nutriment available for livestock if ‘included 

with ensilage, « or if moistened thoroughly to soften the thorny spikes. 


hose — ‘Unfortunately, | mounting tax rates have become more and more burden- ms 
some to the land-holder and home owner, and this item is not subject to cur- 
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mate  faabilimen unless normal market demands and prices for we 
products are restored without undue delay. 
ss Rither depression or prosperity incident to agriculture seems to be reflected 
throughout the national economic structure ure sufficiently to make the co-ordins- 
tion and stabilization of its various branches, along with other basic indus- 
tries, one of the foremost national problems of to-day. it naga ed 
A Joun P. . Ferris, Esq. “(by letter). —This | paper states the case for an 
“attempt to create a new industrial | region to accompany a new agricultural 
ome into existence as a 
a 2 major reclamation dev elopment. 
c ‘The National Indus a startling displace- 
mer ment of employment i in ‘agriculture relative to other | types of employment. In J 
¢ 1930, about 88 persons per thousand of the population of the United States 
were employed in in agriculture, whereas two generations earlier (1870) there 
were about 180 persons per thousand thus employed. A variety of causes 
- accounts for this astonishing shift, some of which the writer has discussed 
— elsewhere.” As this displacement has occurred in existing agricultural regions 


‘it is natural that it has produced a large surplus rural population. In many 
counties in the il Southeast this surplus appears to be from 400 to 1800 
faces a parallel problem to that discussed by the 
_— authors—the problem of the region t that is being subjected to excessive drain- 
age of both human and material resources. In such areas the outgo exceeds 
the “books” balanced by a continual depletion of basic 
Migration i is beset by great practical difficulties. A logical starting point 
- for the diffusion of industrial employment into rural areas seems to be in some 
of the e regions | of i increasing: ‘surplus. rural population, where, ‘at the same 
time, the new “framework” of roads and power can be made available. Of 
ion a number of the new water-shed projects a1 are situated in such areas. — ; 
Surplus rural population 1 results both from the large ‘technological displace- 4 
ment in agriculture generally, and from a the high birth rate in many rural — 
; areas for instance, the farm ‘population of the South, in the opinion | of 
©. E. Baker,” Senior Agricultural Economist, Bureau of Agricultural Eco- 
= U.S. Department of Agriculture, is multiplying at a rate which may 
a result in its ‘contributing approximately ten times as many people to the 
national total at the end of a century as an equal number of adults in | 


ints 


In connection n with this matter of population, the data of the California — 
= ™s ter Project Authority seem to be open to question. Messrs. Warren 8. fos 


*“Gainful Workers per 1000 Population in the United States, 1870-1930", Bulletin, — 
National Industrial Conference Board, Ine., August, (1932, Chart Ne No. 283, Road Mapes ¢ 
Industry Series. 
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‘economies under which the people live. | - To-day, there are ‘ “network” systems — 
roads and electric power; many industries no longer find it 
they did in the past, to huddle in large cities along the few old trans-— 
slletin, -ertation ¢ “arteries.” Industry can, to a much greater extent than ever 


= and thus influence the location of their production. 


ond P. Whelpton, of the Scripps Foundation | 
in Population Problems,” estimate that in 1960 the population of California 
fl be about 7940000, instead of 11 600 000 agua esse by the Water Project 
Authority. atten isles hive femmes sth 
‘The writer js in with th the the desir- 
of diversification of employment. ‘Many of the benefits, however, 

are achieved provided there is diversification within | a small ¢ area; it is snot 
necessarily most efficient for an individual to work both on the farm and 
in industry. Much can be said for an arrangement under which some mem- _ 
ber of a farm family spends his full time in farming, with industry and 
related rural community services absorbing the surplus workers from farms. — 
This preserves the family farm system, which has many advantages, both i in : 


. matter of incentives and in the matter of security. Although many 


of the part-time farming or gardening projects to which Messrs. Goodrich 
and Davis refer, have been measurably successful, the fact that the land 
is worked by non-owners with no permanent security has caused many of 


these enterprises to be regarded by the participants as emergency relief, 

rather than as a way 


third form of which has occurred in many parts of a 
ey the e country, results from highly | developed transportation facilities and wide- b 
availability of electric power in hundreds of the smaller towns. An 
"increasing number of city workers with cash incomes are actually living on 
farms near industrial centers and “commuting” back and forth, the 
being divided among the several workers who ride in each car. _ Such families 
are supplementing their income from industry with some “live-at-home” 


om. derived from small tracts. of their own ‘tated: 


Such programs as the foregoing, as well as ‘the type of development pro- 
by ‘Messrs. Goodrich and Davis, assume a new relation of industrial 


location to the national welfare. In the first stages of America’s economic Py 
; development, the basic soil economies shaped manufacturing developments. aos 
manufactured his reaper at Chicago, Ti, because this city was a 
ie commercial outpost in communication with the great wheat area, and because 
es coal and steel could ‘be shipped cheaply from Pennsylvania on the Great 
a Lakes ¥ waterway, pee later, on the east-west railroads. Settlement of the 
industrially skilled immigrant populations from Europe naturally f followed 
these same transportation routes. de, hap nl 
Pe Now, however, the omy seems to be entering a new stage, one in 


‘Which industry can exert powerful ‘guiding force in cheping the basic 


_ before, now establish the location of its demand for the materials which 4 
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GRAY ON INDUSTRIAL AND AGRICULTURAL BALANCE ty 
indi O. 28 Esq. (by letter)—According 
would accrue if industry were decentralized and small plants co-ordinated — 
with agriculture in irrigated areas. Under this plan industrial workers 
in small factories would cultivate small tracts of land, either ¢o- 
-| operatively or ‘individually, and would produce at least part of their vegetable i 
food requirements. s. Undoubtedly, certain . advantages can. be gained by 
_ proper co-ordination of agriculture and industry. However, the number 
"6 a extent of benefits. to be derived appear to be somewhat « over- -emphasized — 
7 ja Both social and economic factors should receive consideration in — 

th the desirability of such a program. ‘Social aspects are less tangible and less 
‘subject to measurement than economic factors, s and the r relative “weight thet 
_ should be given to them cannot be determined with precision. — The value 
placed on certain social aspects by -differer nt individuals varies: consider. 


ably. one would consider highly desirable, another might consider 
undesirable. of this fact, the social advantages onl disadvantages 


and ‘agricultural Sufficient quantities raw products 
» should be available under conditions which would allow successful competi- 
« tion with other manufacturers of similar products. In some of the irri- 
- gation projects of the West, a large amount of hydro-electric power is aval 
able at low rates. | Such areas often offer an n advantage to manufacturing 
= : industries which require large quantities of power, and in which the cost of : 
Ad . power represents a large part of the total production cost. Under such . 
conditions the s the manufacturing of non-agricultural products may assume con- 
‘ee proportions. A local product ‘ean seldom, however, be ex xpected 
. to displace all similar products in near-by markets. If plants have a 
capacity greater than can be disposed of satisfactorily near-by, competition 
- with more distant plants in . other areas at higher transportation costs should 
Conditions should also | be favorable to agriculture in the area, both 
for. the p1 production of any ‘raw materials for’ manufacture and for garden 
erops. The cost of water in relation to crop values should be moderate. — 
should be fertile and of suitable texture for irrigation. ‘Topography 
_ should be fairly level, and other agricultural and water factors should be 


i agriculture and industry are to be co-ordinated according to some— 
a “tie plan on newly constructed projects, the development of the = 
2 


= projects and industrial plants should take place simultaneously. - Work- 
ers will depend up upon industry for the - major part of their income from 
the time they arrive on the project, and farmers will depend on it for 


x marketing their crops. This situation may be difficult to bring about. Irriga- 


Asst. Administrator, Resettlement Administration, U. S. Dept. of Agriculture, ve . 
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The extent of integration, and the balance between agriculture 
industry which is most desirable, will vary between areas. In some areas 
large supplies of raw products, power, and adjacent may make 
high degree of co-ordination desirable, r areas conditions 
are such that little if any integration is “practicable. policy concerning 
_ the integration of agriculture and industry in irrigation areas, therefore, ] 
should be very general i in nature. 7 Whether such a plan is applicable to o an 


individual area, and the degree of integration | which is most desirable, 
should be determined for each proposed area after a consideration of the 


It is particularly to the disadvantage of Westen: to stress 
a self-sufficiency - since a large part of the production of several of its 
most important crops depends primarily upon wide distribution. Some 
past attempts at area self-sufficiency made elsewhere in the United States 
have worked to the direct disadvantage of certain types of Western -agricul- 
ture, Rather aim at the highest possible yf of area self- 

able, as ‘the authors recommend, efforts should be concentrated upon 

making agricultural and manufactured products which | can be produced to 

greatest comparative advantages in the area. For” instance, parts of 
California have | a decided advantage over most of the United States in 

pomp oranges, , but have ve a a distinct climatic disadvantage in ‘manufac 
turing cotton goods. For certain types of metal goods, any marketing © 


* advantage may be entirely outweighed by a freight disadvantage in obtaining © 


| 


- The authors stress the production of garden products for home use ll : 
industrial workers. In addition, some part-time farming could probably 
— developed to c co- -ordinate with industry. _ In present irrigation projects some 
farmers find periodic work in industries processing 
Some -operative plants hire mostly farmers. Successful part-time farm- 


ing depends upon considerable income from sources outside the farm. 
Outside — work should be available at times not seriously conflicting with 
‘important farm work. In addition to farmers finding work in industry 
through close -ordination, industrial workers might be used on farms 


during periods of of as at the harvesting of 
crops. 


Where the. production of large quantities of specialty crops on new 


Projects is is contemplated, market outlets” should be carefully” determined 


tion and consumption | of such crops, , which a a decided increase in production 


would destroy. = Disturbance of the equilibrium usually causes 1 wide price 


the p: project is set up. _A delicate balance ¢ exists between produc- 
changes. — A large increase in production would probab 
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: an already over-burdened agriculture ‘should not be expected to assimilate 
many of them. Rather than for the Government to encourage “back to met 
land” movements which tend to increase the supply and decrease effective 
demand for agricultural products, it would seem more logical to encourage 
existing industry, and to foster, , particularly, the establishment of new 
industries to produce goods and services for which there would be a large 


ia demand. new industries may offer a more 


To summarize, integration of agriculture and should offer 
tain benefits. Irrigated projects often present conditions favorable to such 
integration. _ As conditions vary widely between irrigated areas, however, 

adaptability each area to ‘such a Plan should judged individually 


convincing argument seguedine what may be accomplished by the co- -ordina- 


tion of agriculture and industrial development, is contained | in ‘this paper. 


‘stitute a difficult and paramount problem. — Of the irrigation Projects built 
. the U.S. Bureau of Reclamation none can be considered, in itself, a com 
sidered commercially “By no means does it follow that 
i" a vestments were not justified. Incidental to the agricultural project, towns 7 
- developed within the invignted areas, with small mercantile stores of all a 
‘kinds. ‘There were established su sugar factories, iF alfalfa meal mills, flour 
mills, creameries, cheese factories, canning ‘factories, packing houses, 
other small industries of various | kinds. The benefits of the project were 


not ‘confined to the irrigated 2 area. A market was created for materials te 
and supplies manufactured outside the Project. ‘The prosperity of such 


other industries ‘for not ‘only existing local but also the 


increased demand created by the increased population. 
the paper, attention is “called to the tendency Soweind’ the “decentrali- 


zation of industry. Such decentralization has been due, no doubt, not only 


the greater economy of relatively small production units, to which the 


authors call attention, but also to the very high value of land in, or ‘jmme- = 


"diately adjacent to, large cities, and the consequent high value of plant 
sites, high taxes, and necessarily higher wages, due to the increased cost *. 


B» for employees. = Such decentralization, of course, has been on the 


Project Eng. Possum Kingdom Dam. Mineral Wells, | 
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of the p plant ‘owners and hee 
‘benefited by a lowered cost of living and more agreeable and healthful live 


The marked increase in unemployment during the relatively viminaiie: 


1923 to 1929, inclusive, is discussed by the authors, as well as s the 
percentage of decrease in labor forces and the concurrent percentage of 
‘increase in production, in each of nine important industries, during the to 
period, 1923 to 1927, inclusive. Various examples have been cited of the 
- remarkable increase in efficiency in various industries by the introduc 


more 4 machines and more efficient methods, thus reducing the labor necessary, 


than adding greatly to the army of the unemploy 
tion. GO The authors are of the opinion that the plan proposed, if adopted gen- 


cer- eally, would be very effective in reducing unemployment. The writer 


such doubts the validity of this conclusion unless other measures, not mentioned 
ver, ‘ by the authors, are taken. The economic structure of the United States 
ally ff isa very ix intricate and complicated system, and a a complete and comprehen- 

discussion of the causes of ‘depressions: and ‘recoveries is obviously far 
the scope of this discussion. However, there are certain basic prin- 


ciples affecting the system which, to the writer, appear to be evident. 4 


a, Undoubtedly, , there are m many factors which contribute to 
| very important factor, if not the most important, is the introduction 
of machines” more efficient methods, thus reducing greatly the number 

wilt: men necessary for the accomplishment of any industrial work. How- 


ever, no sane man would advocate the discard of machines, or the return 
om- 
Fy to less efficient methods. Even greater efficiency is desirable e wherever 
sible. The problem is to determine how efficiency can be retained, and 
a even increased, and, at the same time, how to eliminate unemployment, or 

; Assume a country in which there is such industrial and vocational bal- » - 
amee that all” men capable of working are employed and that 
« ceiving such just compensation as enables each to satisfy his needs of goo 


7 
all 


and 
ie _ produced and services rendered. Now, let machines and more efficient aa 
‘als ~ methods be introduced to such extent that the total number of man-hours 


ie work, in the country as a whole, necessary for the production of those — 
things which before had been produced, and the rendering of the services 

before rendered, are reduced, say, 10 per cent. then the industrial 
vocational balance is to be maintained, the following two plans, or 


(A) The total of of of in ‘production 


Or service may be reduced 10%, each individual receiving such compensa- 
me- as will enable him to to satisfy his needs of goods produced 


~ (B) The number of hours of work per individual - the wages or eal.) 

™ per individual, ‘in the > industries and vocations | in which machines and 

efficient methods have been introduced, may be retained as before, 
and the number employed may be reduced to that ‘ecessary_ for the = 
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ction and service as before Those not in 


‘ae alae may be employed in new industries or services, 
with appropriate hours of labor and appropriate or in 


industries or services in which the forces employed therei ire > insufficient 


supply the demand for products or services. 


er: Under Plan ee cost of production and servi ices, i aa to 
- purchase, and profits will remain the same as before. The only advantage 
will be that: (1) ‘All are employed as before; every one will be able to 
enjoy ‘the same | comforts as before; re; and (3) the workers will have more 


leisure for recreation, mental improvement, ‘social activities, and similar 


‘Under Plan (B), each of the workers retained in ‘the former industries 


and vocations will receive the same wage or salary as before. However, ‘the 
- cost of production and service will be reduced, prices can te reduced, and ¥ 
the worker can buy the products and services before purchased for less than 4 
the sum originally expended therefor, leaving a part of his earnings for th the e 
purchase of goods produced - in the new industries and of the new services 
introduced. Likewise, those employed in the new industries and vocations ; 
will be able to purchase their proportionate parts of the goods originally 
produced and the services originally ‘rendered, and also the products of the 
“Tew industries and the services of those in the mew vocations, = 
Plan (B) evidently is preferable to (A). Under Plan a 
higher standard of living will result. Owners of industries may receive the if 
same profits as before, but at a higher percentage, o1 or they m may y receive even & 
greater profits if not all the decreased cost of production is applied to a 7 
‘Due e to the very great reduction in labor needed in industry in recent 
_ years, it probably would not be possible to provide sufficient work in new " 
_ industries and new vocations to reduce unemployment greatly. a Such great 


reduction ‘could probably be ‘accomplished only by the combination of Plans 
rir In the of combined agricultural a nd industrial development, sug- 
ic “gested by the authors, it is proposed that the workers be employed part-time ¢ 
in the industrial plants and part-time > in agriculture. — _ Agriculture is not 
 @ new industry; neither is agricultural | production insufficient to ‘supply the ; 

demand for agricultural products. — The decrease in the hours of labor per 
man in industry we would increase the number of men employe: ved in industry, — 

but if the reduction in hours of labor per man in industry is applied to 

agricultural production, to the same extent would farm labor by those 


engaged primarily in agricultural pu pursuits be reduced. 


The writer does not wish to be understood as being of t the opinion . that — 
“Madera District would “not be benefited by y the plan proposed by the 
S athors He believes that it would | be. More particularly would the indus- : 
trial workers be benefited by being occupied part- time in healthful, ‘outdoor 


work, as well as by obtaining increased compensation. Asa means s of re 
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ducing unemployment, however, he believes that it would have little, if 


Beit The writer is of the opinion that, although the co-operative plan of garden- — 
ing might result in greater the allotting of individual tracts 
_ Weebors would be more beneficial for the reasons stated by the authors. — In 

‘ this case, it is believed that efficiency is of less importance than the psycho- Z 

logical effect. It would be desirable to have a demonstration farm where a 
‘ the men ‘could work for a time until they become acquainted with effective a 
2 agricultural methods. _ At first, this farm could be of large ea 
the entire 25 000 acres, in the case of the Madera District). Individual 
gllotments could. then be made therefrom as the men become | competent to 
- conduct their own operations efficiently. The stabilizing influence, to which Ay 
authors refer, would be much greater if each man had a proprietary 
t interest in his own individual tract than if his work were on a co- operative — 
basis. As far as conditions would Lapras each could live on his tract and 


ould establish a a permanent home on it. lt is true ‘ue that a centralized plan 


The authors propose that the managing, and the 


be the industrial 


unit, houses for workers, could e asily be a State, 

or National Government, self-liquidating project, financed in a manner 
‘similar to the operation of the Federal Housing Administration, the man-— me? 
‘ager, -agriculturist, and all assistants being State employees. 


Ernest P. Goopricu*® anp Cun Vv. Davis,** MeMBERs, Am. Am. Soc. C. E. 


(by letter). —In e losing, the writers re- emphasise the existing needs for the 
re-adjustments outlined in this paper: (1) Technological advances 
wun continuing to to increase une unemployment; (2) the workers thus displaced i have, 
in most cases, no secondary means of support; (3) the overcrowded and re- 
- stricted conditions in many industrial cities prevent any constructive use of 
idle dle time; a and (4) the ‘accumulated national loss resulting from this idle time 


We. such a staggering value that almost any means, no matter how = 
f 


would be justified to prevent it. Consider, for r example, a fair ' measure 0 
= loss. At the nominal unit rate of $1 000 per worker the annual loss to 
the | country, with 10 000 000 persons idle, would be $10 000 000 000. From 
a banker’s viewpoint the prevention of this loss would be worth an investment 
of $100 000 000 000, or approximately three times the national debt. This i is 


Cons. Engr, New York,N.¥Y. 
"Formerly, Chf. Engr. Ambursen Dam Co., Inc., New York, 
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~ need for the social nee recommended by the writers. For example, | 


Ur, 


a “There have been in the past industrial organizations which enabled the 
ow workmen to own a house and land, to work at home when and as they willed, a 
to use their intelligence, to manufacture entire objects, to have the joy of — 
creation. At the present time this form of industry could be resumed. Elec. 
_ trical power and modern machinery make it possible for the light ee oe 
to free themselves from the curse of the factory. Could not the heavy indus- : 
tries also be decentralized? * * * Men would live in small communities instead — 

_ of immense droves. Each would preserve his human value within his group. 


Instead of being merely a piece of machinery he would become & person.” — "i 


_ The writers are in accord with Mr. J lacobs and Mr. Melver that this entire ; 
matter be approached from an n engineering angle. Engineers should 


The suggestions and analyses iii by the writers were not submitted. 
ak a possible | cure-all for the problems outlined in the ‘foregoing; these were 
“jaleddad to show by one specific example the possible benefits that could be 
‘ realized from correlating the conservation of natural resources with industrial 
¢ economic adjustments. Conservation "programs, such as are now (1938) 
under way in the arid regions of the West, could have as their larger objective : 
the ending of unemployment. . The investment in each project, in a sense 2 
could be considered as an increment of the total that would be required to — 
Spain the time now being lost during depressions. Mr. Williams makes ¢ 
a point in this respect by indicating the over-all economic effects of the projects F 
built by the U. S. Bureau of Reclamation even if many of these pr projects would ad 
- not be commercially feasible investments when considered individually. — Add 
to these existing benefits the partial elimination of unemployment, or, a8 Mr. 2 


_ Williams prefers to call it, furnishing a supplementary means of income during 
= periods, and the accumulated benefit values will be raged times the ' 


Improvement, of course, cannot be brought about quickly; it will be vali 
7 a matter of slow growth. A long period of preparation, co-ordination, and 
7 _ training will be required, ‘as suggested by Mr. Jarvis. It is unlikely that — 

- industrial growth will parallel colonization and agricultural development, as — 
suggested by Mr. Gray; the writers are of the opinion that faahorinn: will follow — 


only after the country isfairly well developed. = | 


Maley 


The writers intended to emphasize the need of a better balance between 

agriculture and industry i in a given area rather than complete velf-euiiclenes, Se 
_ as inferred by Mr. Gray and Mr. Jacobs. As Mr. Ferris so ably stated, there 
has been a mining process in some areas which has drained them of both human z 


and material 1 resources, — In some cases, decentralization will help to restore, ' 


and in others establish,a more balanced economy, = 
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OF HYDRAULIC MODELS, 

GEORGE E. BARNES', M. AM, Soc. Chae 


Worn DiscuSSION BY W. Howarp, F. W. ARDS, T. ‘Kwarres, 

W. Powett, Gronce E. Barnes, J. G. Jopes. 


- Hydraulic model studies were conducted on eleven of the « dams for the: 


Water- Shed Project, ‘north of Zanesville, “Ohio, ‘This paper 


describes the laboratory facilities used in the tests, and the more important 
- features of model fabrication, operation, and» test procedure, The time and 
"personnel required, and the cost of doing the work are given. An effort is 
— made to present a picture of the physical equipment and organization required, 
also the cost of - Securing results « on a well defined, although not | neces-_ 


sarily typical, program of model studies. It is believed that such material, 
ts distinct from technical findings alone, has not formerly been made avail- 
able to the extent desired by the profession. Thus, more discussion is devoted . 


to the manner in which the work was done, than to a detailed analysis of the A 


measurements. However, certain selected test observations of special 
importance, which are | considered to be of ‘general interest as well, are 


each of the eleven studies, a working model simulating the outlet 
orks, spillway, or other features governing hydraulic performance, was con- 
"structed from preliminary drawings of the dam. The general purpose of all | 
- teats was: (1) To observe and record the behavior of the model, built in 


Nore.—Published in December, 1936, Proceedings, = j= = 
'Head, Dept. of Civ. Eng., and Prof., San. Eng. Case | School of Ap plied 


S. Engr. Office, Los Angeles, Calif. on 
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MUSKINGUM WATER-SHED 
accordance with the preliminary design; (2) to determine revisions necessary 
i or desirable for. optimum performance; and (3) to revise the model to com- 
” sl plete o1 or substantial agreement with the final design and to make complete 
record tests under the full range of flow conditions anticipated for 


> 


‘The personnel was given the relation between tail-water stage 
and discharge at each site, based upon channel studies. 5. In certain al 
ral 
a where considerable variation in stage might be expected at a given ‘discharge, 
the best performance was demanded only for most frequent operating = 
good performance for less frequent circumstances, and safe operation 
nder circumstances likely to occur only at “rare rece Adequate dis- 
charge capacity: and safety were of first importance, 
The models were constructed with surfaces in 
144 (except non-essential detail) similar to the proposed structure. The models 
Were not distorted, and were built to the same vertical and horizontal scale, 
varying from 1:20 to 1:40. Each model included some or all of the follow- 


<4 


>. 


The laboratory “extended from 1, 1934, to 
1985. They began immediately after the preparation of the official “Plan 
of Flood Control and Water Conservation Reservoirs” by the United States — 
_ Engineer Office of the Zanesville District, and were continued throughout ; 
the design | ‘period. As the basic data for design were supplemented by field 
“4 ‘measurements and revised by analysis, and as laboratory test data accumu- — 
lated, there was a constant rotation of data between the office and the labora 

tory during this interval. When acceptable performance for stipulated operat- 
ing conditions was secured in the model, record drawings of the final model — 
7 _ were put in the hands of the designers. - These drawings were e supplemented 

ss a final report giving a complete record of all tests for that model. aa 


4 _ The model studies were made in the Warner Hydraulic Laboratory of the 
4 Department of Civil Engineering, Case School of Applied Science, » in Cleve- 

-land, Ohio. ‘4 This’ laboratory includes two flumes, both of which were used i in 
the work, and the larger one of which was added specifically for these tests. 


“Fig. isa a longitudinal elevation of the circulating system, showing the 


‘metering devices and the flumes with essential accessories. 


ofa a modern n building, with a trucking entrance on the ground floor and a 
_ $-ton traveling crane for equipment and material handling. From a 50000- gal 
_ recirculating reservoir under the ground floor, a battery of three centrifugal 
ss pumps, operating in parallel, with a total capacity of about 7.5 cu ft per se, 
a G- deliver through a 10-in. common header to a constant- level tank on the second — 
floor, or to the supply mains direct, if desired. from the constant- -level 
tank i is through a 12-in. or a 4-in. supply line, each equipped with a Venturi 
tube, the flow being registered with indicating, recording, and totalizing 
meters. 0 etered supply reaches the River Flume on ground floor 
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MUSKINGUM WATER-SHED PROJECT 7 

through a in. er, the discharge from the returned + 
- recireulating reservoir. On the second floor, the Experimental Flume is fed — 
by a 10-in. take-off from the riser, or from a 6-in. take-off and weir box. wir 
ro Discharge from the experimental flume on the second floor reaches the 
reservoir through a 10-in. return, or may be passed through any one of six 

- solumetrie measuring t tanks, each 6.0 ft in diameter and 10.0 ft deep, ari 


10" Supply Headery Venturi Tubes —_ 


River Flume 
"0" x44' 4" in Plan 


Recirculating 
Fig, 1 —Lonerrusmat | 


in pairs, with flipper devices for continuous running to calibrate the — 
or measure the discharge, and each equipped with telescopic level readers ont 
quick-opening valves through which water is returned to the reservoir. 


on the floor, are equipped with adjustable tail -gates and with 
numerous piezometer connections. Each separate model requires a newly built 
-piezometer assembly, leading in each case to a battery of open buckets in 
oa levels are read by a hook-ga -gage » traveling on on a carefully leveled rider 
bar. Each separate model, likewise, requires newly set rails supporting point- 
gage bridges, or r sounding devices for measuring scour. 
Required flows are set by valve manipulation and te by either the 
tin, or the 12-in. Venturi tubes. At low flows, a U-tube manometer contain- 
j _ing carbon tetrachloride is used in tests as it gives much greater d deflections 
7 ad greater precision in reading. x To. insure minimum error, the 4-in. and 
: - the 12-in. meters are rated by volumetric measurement. The models for the 
Wills ills Creek, Charles Mill, Mohawk, Dover, Mohicanville, and Pleasant Hill 
Dams” (see Fig. 2) were tested on ‘the floor and the models for the 


Tappan, Geniesinn, Piedmont, Senecaville, and Bolivar Dams were tested on 


of laboratory facilities needed for model studies would 
decidedly incomplete without mention of the shop facilities, tools for main-— 
tenance work, and the fabrication of special instruments, or other devices 
_ ‘Tequired for a wide range of purposes. Ina large city such as Cleveland, the 7 
_ availability of industrial shops i is an added asset. Furthermore, room is ~ 


for the preparation of drawings, filing” of records, and reference mater ial 
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feel characteristics of the various dams have ‘been described by L 

Winslow, Jr., Assoc. M. Am. Soe. C. E! _ The following description gives only 
the distinguishing features of the several models studied. Aside from site 


= ? 


‘Loudonville 


SENECAVILLE 4 
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that quien the several works was planned so as to be ‘interrelated, 
and the performance of one outlet, in certain cases, affects another. These { 
_ circumstances result in a great variety of hydraulic problems to be solved in 


" “design, and the model s budies, 1 therefore, vary in char ommensurate 


efore, val 
For each dam, the outlet works terminates in a stilling- basin in which an oe 
z hydraulic jump is formed, to dissipate the energy of conduit discharge. Since, 
in any case, spillways on these Jams discharge under emergency conditions 
~ only to safeguard embankments, model spillways were studied in the labora- 
“tory only for | those few dams where the confluence of spillway and outlet dis- 
charge occurs in such a manner as to affect, appreciably, the | design of the 
‘all The Wills Creek, Mohawk, and Bolivar models each include an intake ra 
tower with six control gates discharging through twin tunnels or conduits of ; 
horseshoe section, a stilling- -basin. The dimensions, heads, capacities, 
tail-water conditions differ widely for the three dams, 
ace The Clendening, Tappan, and Piedmont models each discharge ‘through : a 
, ‘single horseshoe conduit into a different type of ‘stilling- basin. The Clen- — 


ae ae. and Piedmont Basins are similar to each other, but unlike 


Fig. 8.—MopaL oF SPILLWAY AND OUTLET Works, Dover ati 


- those developed for other dams of the project. The distinctive feature is the _ 
tise of the curved apron below the portal to an elevation higher than the invert 
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of the tunnel, followed by a 1 parabolic drop to the floor of the still ing bell 
formation of an hydraulic jump with high tail-water on low 


= 
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Horseshoe Section 
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Wye and 90 
i Bend of Pyralin 


Revised Design 
Intake Tower 


Charles Mill and models, as tually after 

substantial changes to the preliminary spillway layout, include short conduits 

through a solid 1 masonry section with a secondary or emergency “spillway 

immediately adjacent. The Senecaville model discharges through twin short 


‘tions, each by a Taintor. gate. For Senecaville, the 
from all outlets combines in a long paved channel with a steep grade leading © 
to a stilling- -basin, : 400 ft (20 ft in the model) dowr n stream. , 
- Ais, The model of Dover Dam (see Fig. 3), ee a solid masonry, overflow 
= section, 338 ft long (9. 66 ft in the model), between abutments, with eighteen 
gate- controlled, short, outlet conduits through it. These conduits are set in 
three batteries of six units each, at three levels. The outlet portals discharge — : 


over curved apron between training walls into stilling- pool which 


_ enclosing a vertical shaft, into which flood waters are discharged through six 


orifices, without control gates. The orifices are set at two different 7 ; 
- and are dimensioned to secure eapacity which will predetermine the reservoir 
rise automatically. The model shaft the base through a con- 


ie ‘The - model of Pleasant Hill Dam (see Fig. 4), includes an intake me 
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during the construction period. The spillway is of the shaft type with a 
circular crest, 2 ft 8 in. (80 ft) in diameter, surmounted by piers to eliminate 7 

- yortex action, and with its ogee surface converging to an 8-in (20-ft) circular — 

- shaft and 90° bend to the horizontal. The model tower and spillway tunnels 
meet in a wye junction to form a tunnel (horseshoe section) 8 in. (20 ft) in 
height leading to a stilling-| basin below the dam. fray, 

;@ From the dimensions on the design drawings the Laboratory Staff prepared — 

7 detailed model drawings for the fabrication of the several elements, and also 
layout sheets to guide assembly and erection. In making the ‘models, skilled 

labor was employed in the laboratory and shop. _ Certain units were made — - 
for a price by commercial organizations in Cleveland. In the special instance 

of the wye- -tunnel junction for Pleasant Hill (required to be made of a trans- 
‘parent material so that flow inside the junction could be observed and —_ 

- graphed), the piece was fabricated at t the University of Iowa, at Towa City, 
Towa, from drawings prepared at Case School, and then shipped to Cleveland 

_ for erection. Speed was essential and all available facilities were ae 

on Where complex details had to be reduced to model dimensions, as, for example, — 
the gate-towers, and tunnel and portal ‘sections, the model were 
made to full model scale. Topography in the model reservoir and in the __ 

channel below the dam was reproduced in the model by inundated sand ‘fill a 

topped with a 1}-i in. mortar coat, placed between sheet metal — templets _ cut | 

to the proper transverse profile and set at several stations on the center line __ 

of the works. A tinsmith cut these templets from full- sized paper patterns. 

The “original pencil fabrication and layout drawings wi were e usually handled — 

by the craftsmen working on the model, and due to the different scales 

required for the drawings, it was not always feasible to establish a uniform Ls _ 

size for the sheets. ; Experience indicates that it might be preferable to )main- a 

tain a uniform size for filing and to work from blue-prints, since the — 

has 

Tos secure the complicated shapes with reasonable accuracy and speed, it 

was found best to work in ‘sheet steel. The model tunnels" and gate-towers, 

therefore, were made from welded 16- materiel. The Morning» Glory 

spillway was spun from sheet aluminum, on a laminated solid wooden core, 

accurately turned to shape. The curvature in the tunnels: was made as a series 

of short tangents. _ The joints between tunnel sections were male and female y, 

3 bolted flanges. In forming the multiple short conduits—as for the Dover, “A 

Charles Mill, and Mohicanville Dams—a box-like steel shell formed the floor, 

= and the side walls of the outermost conduits. Individual conduits | 

rs were then formed by wood-block inserts or piers’ fashioned by a pattern-maker “3 

Ee with snug fit between floor and ceiling. The gates for all dams were vented — te 
stream. vents were > reproduced accurately in the 
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MUSKINGUM WATER- -SHED PROJECT 

- stacks as in the ‘prototype, either to scale or slightly larger. The stilling. 
“a basins were usually formed with wood floor, , walls, baffle-piers, and terminal 


sill, _ Where the side walls were warped, it was easier to secure Proper dimen- 


eis 


“product. "Where were not ‘anticipated the walls and floor of the still- 


at _ Numerous ‘piezometer _eonnections were installed along the floors of the 


al 


ar are set absolutely smooth and will rd 


For these models the best ‘piezometer connection was found to 
be: made by brazing a solid lug about 1 in. long to the under side of the steel 
- floors, and drilling either a single 4-in. hole through it in a direction normal 


a to the surface, or three of such holes, and dressing the opening at the surface 


an 


Bas Fic. 5.—MopeL or INTAKE AND TWIN TUNNELS, M Monawe Dam 
(ORIGINAL DESIGN BEFORE REVISIONS) 

with a slight The opposite end of the lug was tapped for 
of a f-in. or a g-in. pipe leading to the piezometer b buckets. On the surface of 
: the Morning Glory spillway of the Pleasant Hill model : seven . pairs of piezom- 

‘eter openings, diametrically opposed, were connected through similar lugs 
a to copper tubing leading to a piezometer panel on which was mounted 0.5-in. 


_ transparent tube Sore which the pressure gradient was read directly 


ax 
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pressure not water er depth curvilinear exists in a ‘a vertical: 
plane. Of all the measurements taken, eee readings were most difficult: 
Fig. 5 shows a model of sheet steel a the intake ceiling elliptical 
in e%e and of transparent material. — The gates are steel flats, sliding in 


i: in the division piers, and thidagh rectangular slots and 


= The tunnels are 20 ft high. (model scale, 1:40). The complete n model 
for 1 the Dover Dam to a scale of 4: 85 i is shown in Fig. 3. _ Typical model con- 
. The Bolivar tunnels : are 16 ft ae to a — 


is the is the model shown in Fig. 


= 
7.—Mopen or bi Fra. 8.—Mopan or Invaxs Town, 
ING-BASIN, CLENDENING PLEASANT Hitt Daw > 
- Some of the most t complex model fabrication was ag required in the case 
of the Pleasant Hill Dam. Fig. 8 shows the model intake tower of welded = 


steel sheet. Morning Glory spillway of spun aluminum with | piezometer 
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outlet portal through | the hydraulic jump to the channel below; a “4 
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connections is shown in Fig. 9(a). ‘The wye transparent junction and steel 
horseshoe tunnel are exposed for their full length to provide access to piezom- 


For each of the eleven dams certain features “ nisnetiias and performance 


The of ‘revoir stage to ‘discharge, for various 


distribution of energy losses ; 
The | capacity and behavior of the spillways; 

The performance of the stilling-basin, with particular to 
= in tail- il-water level at a a given discharge, or the ee dis. 


9.—TYPICAL MODEL Consravoron, Prassans HILL Dam 

‘The test measurements, , therefore, — ‘aimed to secure e the following data: 


(1) Rating curves of reservoir stage against discharge fot all combinations 
of outlets open or partly open (where tail-water variation affected the rate of 
discharge, rating: curves were secured for the r range of tail-water levels) ; 
_ (2) Water surface profiles through the stilling-basin, extending from the "4 


“sections in the stilling: basin, and in the channel below; 


(4) Scour (with the sand bed Of the outlet channel screeded tere before a 


test run, , cumulative s scour over an hour’s time was measured to compare tests, 
at (5) Flow conditions, recorded by photographs and motion pictures; ore 

*y (6) Observations without measurement (the effect of rising tail-water on 


hydraulie-j jump performance was recorded as observed by eye for small 


ca » fs Check surveys to determine tl the at actual Measurements of the models at 
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‘MUSKINGUM WATER-SHED PROJECT 
cases swelling wood or ‘settlement of supports made it “necessary to re-set 
J the model; the actual dimensions of the model tunnels and outlets were 


conditions. They hydraulic | gradients” through the structure, , the 

4 upper pool elevation and discharge, the water-surface profile of the hydraulic 
jump, the distribution of velocities i in the and the topography 
scour at the end of an hour’s run. 


. a taking m measurements it was found convenient to furnish the laboratory 
with mimeographed sheets, there being a separate form for the: 

‘Rating curve; water-surface profile; gradients; 

r Ih operation, two men could usually handle the model on an 8-hr shift, 
ry ro acting as reader and the other as recorder. f When the model was being 
built or dismantled, skilled and unskilled labor was employed in addition. 
‘5 The laboratory operated continuously on. on a 24-hr, three-shift basis for about 
seven months. This continuous operation and accumulation of data kept 


4 about ten draftsmen busy, on an 8-hr basis, | plotting, computing, and recording | > | 


all measurements and model details, and preparing fabrication drawings for 

or: For a record test, the sand bed below the stilling- basin was first screeded 
level to the desired contour. From a 2-in. flood line, water was admitted 
slowly at the tail-gate to approximate | tail- water depth for the intended dis- 
charge, si so that the initial scour during the run would be slight. ‘The proper 
x was set by the meters, and the reservoir level and tail-water level were 
brought to equilibrium. All piezometers were blown free of air and stabilized. 
hydraulic were then recorded, -water-surface pr profiles were taken 
Le the stilling-basin with a point-gage and the distribution of velocities was 
recorded by Pitot tube or Bentzel in the ‘Stilling-basin a1 and below the 
. _ terminal sill in the outlet channel. At the end of an hour’s run, the flow was 


record the depth and location of scour. _ 
fe his Scour measurements w were e taken ai as an index by which performance between je 


wer expose the bed, which was then with a rod 


Pa 


i ties or persistent eddies and whorls along the bottom of the channel. "Excessive aa 

b or irregular scour in any case showed poor distribution of terminal velocities. it 

From velocities at two- tenths and eight- tenths of the depth, the discharge 

's was computed by ordinary s stream- m-gaging methods to check by agreement with —. 

For Wills Creek, a preliminary model to a scale of 1 :40 was superseded 7 a 

a final model to a scale of 1: For ( Mill, a (1:20) 
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model was used for conduit and stilling, basin ‘studies only, followed bya 
1:30 scale model complete with spillways. Lain tor 


Fig. 10, “Laboratory Schedule”, hows the ‘between which ‘model 
and model testing occurred. The interval shown for erection and an 
testing does not include time for preparing drawings, for the fabrication of 
_ model parts, or for handling and digesting test results. ‘ Asa tule, no o time a 
a elapsed between clearing the flumes of one model and erecting another, — The 


vertical lines in Fig. 10 indicate the man- commen for that week’s payroll, includ- “aig 


Senecaville 
i= Piedmont 


Mohicanville 


Boli 
| oliver 
Pleasant Hill 


Erection Period) 
Period 


| 


a 
3 10. —LaBoraTory SCHEDULE, SHOWING DATES Berween WHIcH MODEL ERECTION 


all operations. for engineering ssistants (Qraftsmen, computer, 


Man Hours for the V 


au ‘40-hr ‘werk. Rates for skilled labor (machinists, 


“finishers, pattern- -makers) at the prevailing local scale, $1.00 to. 


_ the several reports and $1 100 for agama prints used in the reports. The 
¢ _ power consumed i in pumping totaled about 20 000 kw- hr. To these data Lerscel x 


Recaas and arene travel and consulting expenses, om the salaries of three 
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‘TABLE 1 —Dmecr Lasor AND Mareriats Invoivep 1n Testina 


_Bezacture 


Intake, twin tunnels, willing basin 

Intake, twin tunnels, stilling-basin} $4 650.59 $1 382.48 | $6 033.07 
Outlet conduits, overflow section, ous 

stilling-basin, spill) 010 81 

unnel, stilling-basin 277.87 
Tunnel, stilling-basin 972. 87 
Tunnel, stilling-basin wil, 131.34 
— twin stilling-basin.| 1 106.39 

t conduits, Taintor gate sec- in * of 
tions, outlet channel, stilling- or 
236.46 1 342. 51 

Spillway section, outlet conduits, 

stilling-basin 2 999.37 
Bolivar. Twin intakes, tunnels and stilling-| 
Mohicanville. .. : Outlet conduits, outlet channel,| 
stilling-basin, spillways 

Pleasant Hill. Intake tower, spillway tunnels, 

ptilling-basin 

Ci | Preliminary drawings for model. 


— 
Exclusive of the building, a 50000-gal. reservoir, the general plant, shop, — 
and tools, the permanent investment, installed, for the principal items of the 
ree motor- driven pumps and controllers. . $ 


_ Experimental flume (3 ft 0 in, by 3 ft 0 in, 


River flume (5 ft 6 in. by 12 ft 0 in by “4 ft 4i 1 250 


or piping and valves 


“th Outicn must be used in comparing g the cost of model stellen, one with the 
‘other, because they are likely to be unrelated in character. _ The « costs shown 


ite those for a concentrated extensive program of studies avvonells similar 


‘pall 


Mechanical imperfection of the 
_ ia 1 difficulty of taking precise ) measurements in all laboratory work, m 


a engineers from the Zanesville U. S. Engineer Office stationed at the labora- 
a tory. Included in the 40% is the cost of the river flume ($1250), which was i Poe 
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rated or their significance ignored. Some of factors: 
‘a special consideration are: Discharges, piezometer readings, points of filling, 
= coefficients, joints and connections, warping, ‘settlement, water- -Surface 

elevations, velocity measurements, and entrained air. 


_ _ Discharges—The small geometric scales necessary, require a large rati 


ye _ of prototype flow to model flow, ‘necessitating the accurate measurement of 
discharge. Where a w weir is used, calibration should be directly by volume or 
7 _ Weight if possible. Otherwise, proper precautions must be followed to insure 

that t the weir corresponds in ‘setting: to the original | by which fe formulas have 


been derived. With the Venturi “meter, , direct reading ma‘ may be obtained 1 at 


about full capacity with ordinary differential manometers. As previously 
~ noted, it is much more satisfactory with lower flows to magnify the deflections 
of the manometer by the use of a lighter liquid, such as, as, carbon tetrachloride, 
_ The specific gravity of the carbon tetrachloride must be determined carefully 
and frequently, and the glass tube should be at least 0.5 in. in diameter for 
easy cleaning and to avoid the effects « of surface tension on the meniscus. an 
_ Piezometer Readings—Where high velocities occur, piezometer readings 
=. are the most difficult measurements to obtain most accurately. A piezometer 
orifice with j-in. hole and ;-in. radius of rounding is recommended for 
standard practice by C. M. Allen, M. Am. See: ©. E. For smaller pipe sizes, 
he suggests a in. hole with . radius.5 The latter suggestion was 
~ adopted by the writers for mc ‘model tunnels about 4 in. to 8 in. in diameter. 
_ = relation between discharge in the prototype and that in the mode 
depends on the ratio, n. Since n must be determined by piezometer readings 
' their importance and the care to be exercised in the fabrication of viene 
connections cannot be overemphasized. 
Points of Filling. —That Point at which the model tunnel ceases to flow 
partly: full and begins to flow completely filled, is difficult to determine. Even 
4 where this point is determined accurately in the model there may be some 
question to whether or not the prototype will behave i in exactly the same 
— 
Orifice Coefficients. —The use of models in which orifices are involved raises 
_ the question as to how the coefficients are affected by actual size. _ Tests cover- 
ing: small orifices : show a variation in in the coefficient with ‘the actual size of 
‘a Joints and Connections —As few joints as possible in a model 1 appears to be 
7 — inasmuch as these joints affect flow conditions both up up stream and 
down stream with consequent breaks in the hydraulic gradient, as shown 
in the piezometer readings. A smooth hydraulic gradient is desirable in order 
to obtain the value of n for the model. 
_-—- Warping.—It is extremely difficult to to prevent warping in wooden models. 
4 Slight warping often produces incorrect flow conditions, which affect the 
re esults seriously. Many methods of water-prc proofing. have been tried by the dif- 
Bhi hydraulic laboratories. The use of celluloid dissolved in banana oil, 
and the use of aluminum foil have been tried. $= | 


ee. 


— 
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MUSKINGUM WATER-SHED PROJECT 
—Settlement of the sand mortar surfaces the 
~ templets exposed and elevations in error so that often it is necessary to rebuild = 
the model after it has been in use. If the sand base is thoroughly inundated © 
prior to placing the mortar surfaces, and not permitted to dry out, this diffi- 
Water-Surface Elevations.—W ater-surface elevations are difficult: to obtain, 
and care in leveling the base rail and in checking of the gage zeros, must be k 


to as usually cover a wide rai range, considerably less 7 
a 1 ft per sec to greater than 10 ft per sec. For the low velocities the — 
Pitot tubes, and current 


Bntrained Air. hydraulic are on the assumption that 
as water weighs 62.5 Ib per cu ft. However, they do not hold exactly where the 
"Apne jump, or where flow conditions in which air is entrained occur. 
‘Thus, any model that includes these flow conditions should have a factor of © = 


safety added greater than the minimum _ dimensions shown by the model tests. 


Psd - tay model studies, preliminary analysis is essential in order that time and 


money spent laboratory manipulation m may be minimized. The test 
measu ements themselves are worthy of equally careful analysis and interpre 

tation. Analysis of the | detailed test observations, however, is beyond the _ 
‘scope of this. paper, and the following discussion includes certain 


findings which are in terms only, to give a brief of 


of the model are illustrated in Figs. 4 ¢and 7. With the jet issuing 
from the portals: between flaring side- -walls over over a curved apron, the models 

= demonstrated, for these ng that the j jump could be held with slight change 

, in location on the apron, for all rates of discharge and corresponding tail- 

ma water levels, by block- shaped bafile-y -piers with stepped up-stream faces, anchored 

- to the hein floor. For a given discharge, the jump appeared to be slightly 

stable e when n the apron itself was stepped. ; 
With exc excessive flare and batter to the side-walls, lateral distribution of — 


Aeidd the shooting flow on the apron was poor. In such cases the water failed . 
rer “alo the flare, and lack of forward momentum at the side-wall permitted 
back rollers from the tail-water in the lower end of the basin, which skewed 
odels. the jump to one side. The result was persistence of whorls, eddies, and con- a 
t the | _centrated high velocities ¢ at the exit from the basin. Similar behavior accom- ms 
. ie panied the presence of excessively high tail-water in any case. OA low value 
ee a average vate computed on the basis of high tail- water proved to be a 


— 
4 
Ts are 4 
filling, — 
— 
— 
ent of — 
me or 
insure 
3 have — 
‘iously 
ctions 
loride, 
‘efully 4 
er for — 
dings 
or — 
d for 
ines, 
1 was 
meter. — 
mead : 
dings — 
m 
meter — 
low ing single result of tests was an improvemen 
‘Bra The outstanding single result of tests was an improvement to al 
me 
a 
— 
ize of 
be 
— 
: 


Q 


MUSKINGUM WATER- SH ED PR 


7 ‘tan the j jump we were not flared more than 1 on 4 tendietie:t 1 on 5 or r1o on aa 
and battered ‘not more than 1 on 10. The parallel side-walls of the basin, 


below the jump, were as suitable construction as 


of shooting flow, the slopes vie be flatter sain serious effect on perform- . 
ance, although 6! slopes as flat as 4on 1 produced eddies i in some cases, — ‘wth 
4 For structural or other re reasons, the outlet tunnels for | several of the dams _ 
Sin originally set lower than proved suitable for good performance with the ; 


a a. 


coincident tail-water conditions corresponding to the several rates of dis 
charge. In some cases, the tunnel was raised as a result of the tests; in n others, 
where this was not feasible, a unique expedient solved the difficulty, = = 4 
The Clendening stilling-basin | has already been specially mentioned. In a the 
original design, the tunnel invert was” placed low, and high tail-ws watex in 
“the model drowned out the jump. To secure a good hydraulic jump without 
‘Taising the tunnel, proper relation between momentum of outflow and tail- 
"water depth was secured by ‘passing the .e water over a a humped — apron (as 
_ described under the hnniting,, “Types of Models”), through which a narrow 
was cut for drainage. The hump was first b built with wooden 


— 


mas also adopted after ‘trial, in the models for the Tappan and Piedmont . 

me reduce concentration of scouring cthwalates: aos the bed of the outlet 
channel, a low terminal sill with the up-stream face stepped, was placed at 


the end of the stilling- basin and was found to b be the simplest and most 
expedient to reduce the length of stilling-basins was to carry the 
d horizontal flare into the tunnel portals. In the first Mohawk model, with» 
portal and tunnel height equal, the portal flare and increase in area resulted 
= _ in the hydraulic control being shifted from the tunnel section at low flows, af ra 
o to the portal : section at maximum flows. a. With the large portal flowing full at : 
atmospheric pressure, the differential between ‘the portal velocity head and 
tunnel velocity head was roughly 20 ft. Consequently, negative head 
occurred in like amount in the tunnel. When the flare was omitted from 
tunnels, and stilling- basin side-walls were adjusted to correspond with 
increased warp ond flare, the hydraulic j jump was unbalanced. The flare was 
restored, therefore, to the portal section, but the portal area “(and negative 
; al af, _ tunnel head) was reduced by dropping the portal crown. Piezometer readings 4 i 
in the model disclosed the shift in the pressure gradient. 
Finally, for all stilling- basins, tail-water_ ‘Stages were such that the depth 
, >) in the basin much below the stream bed v was, in general, found to be nee eedless, lf 
. i Le and the model studies resulted usually in reducing the length or width of the 7 

basins, or both. Liberal ‘size alone was found to be insufficient | 
— 
~The true head between reservoirs and outlets i is Soaks to discover. For : 

4 


"preliminary designs, outflow was predicated on head measured as reservoir 
elevation, minus portal invert elevation, minus the average depth ‘at the 


ii 
ii 
4 
4 4 
a 


portal. Actually, the head will be since the jet the 

accelerated downward by gravity, and the pressure head on the apron is less 

= than that caused by an equal depth of still water. The discrepancy between i 

assumption and fact will depend on the sharpness of apron curvature and jet 

— In the case of the Pleasant Hill model, the true head by piezometers — 
appeared to have a value closer to reservoir elevation, minus portal invert — 
elevation, minus one-half the depth. model discharge was greater than 
anticipated and, in fact, substantially exceeded the required capacity, 80 

“that the original 20-ft tunnel and shaft was reduced to 19 ft, with incidental 

changes resulting in reduced cost of construction. 
— Another feature of the Pleasant Hill model was the transparent wye-junc- 

a tion through which flow conditions, much under discussion during staff con- 
ferences, could be observed and evaluated. With certain rates of flow (to 
occur in Nature at rare intervals), the model showed that discharge from the 
gate tower would enter the junction in such fashion as to climb the opposite — 

™ wall and spiral completely around the interior face of the main tunnel. 7 oth 
(oie Bolivar model was operated with its portal submerged by the tail- 

water, as would be required for this particular dam at certain outflows, and = 

_ when the Dover Reservoir, located down stream, is filled to crest level. Quick 
~ dosure of the model gates caused a sudden inrush of air through the vents, = 


the slug of air traveling down the tunnel to be released at the portal. Release 


_ of air was followed by a sudden rush of tail-water into the portal, with severe 
; slap and shock. © Disturbance also occurred with the gates stationary | in a 


throttled ‘provided the portal was submerged. gates in the 
‘model, of course, can be closed almost instantaneously, whereas the mechanism _ 
in the actual structure will not permit any such rapid gate manipulation. 
Psi Nevertheless, the model showed that it might be ‘important to Telease | the 
water through a few gates fully "opened rather than several in 


Mill and Dover increase in or improved lateral on 

2 the apron was attempted with conduits having a curved or offset ceiling pro- 

4 file, OF + horizontal flare, or both. ‘The benefits, if any, indicated i in the — 
not considered with the probable cost of the more complex 
shapes and, in each case, the final models crystallized into conduits of simpler 


: uniform rectangular section and liberal elliptical easement at the inlet, which 
q appeared to be entirely suitable. 


_ The size and position of training walls, and the shape of rock-cut benches» 


by which spillway discharge could be directed with a minimum disturbance 7 
into the outlet channels, were studied in the Charles Mill and Senecaville 
“we models. Studies of alternate types of spillways were made for Mohicanville. 
The approach cuts and wing-walls at the inlet were improved in the models 


Wills Creek, Charles Mill, and otherdams. 
RELATION Between Caraorry or ProToryPe AND Mopet ank 


< a To check the stipulated capacity ty of the outlet works at a given reservoir 
sage, it is to convert the model discharge into corresponding flo flow 
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in the prototype. Where gravity is the ‘sindiiaiainlasal a 
- flow, with comparatively slight retardation from friction, the flow in the = 
is directly converted to flow in the prototype by the § power of the seale 
ratio. Such a conversion factor would be appropriate for overflow spillways, 
_ stilling-basins and (for simplicity, and on the safe side, for capacity), je 
=i short conduits. In long tunnels where frictional retardation has a great inf 
ence on discharge, it was difficult or or impossible with these m - model scales an and 
as structures to secure an interior roughness factor, or Kutter’s n, low enough 
a to 0 give the foregoing conversion factor where n in the prototype is to be 0.011 
or 0.013. Consequently, it was “necessary determine the value of on for 
_ the model by observing, carefully, the hydraulic gradients in a straight section - 
where uniform flow obtained. © For example, the value of n for the model of fs 
the Mohawk Tunnels (1: scale) was was found to be 0.0091, which indicates a 
‘that the models, however smooth mechanically, are nevertheless too rough to di 
x simulate | conditions in the prototype. However, knowing the value of nfor § by 


the model, the corresponding flow in the prototype can be ‘computed by 

- Manning’s formula, or by other accepted formulas. For these models too — ga 
much ¢ confidence is not warranted in the experimental values of n, because § 
the ‘model tunnels are believed to be too short to establish unifornly good 4 
The fact that made to reproduce, in 
miniature, all the phenomena that will occur in the prototype does not detract a . 
from their genuine utility. The performance of hydraulic models may be . 

interpreted to great ‘advantage by a designing engineer. It is obvious that 


certain of the foregoing findings could not be determined over the drafting- 21 
board, or by analysis alone, and that other ‘Ieasurements furnish the data for 
needed analysis. _ The model studies described in this paper. were in the natur 4 F 
of check tests ten the sole purpose of expediting the production schedule § > 
_ demanded of the Designing | Staff for this project, by contributing a valuable a . 
supplementary ‘method for attacking complex problems of hydraulic design, 
‘The tests more than saved their own cost by actually reducing construction 4 
expenditure, and, in n addition, | gave invaluable’ assurance as to the probable 


— 


tt is hoped ‘that the data presented herein may be helpful in plantas other | . 
studies of somewhat related character. oe 


model studies were e conducted under ‘the direction of the senior writen; 
operation. Snyder, Junior Engineer, and L. G. J un, Am. Soe. 
: Cc. E., Junior Computer, were also stationed by the Zanesville Engineer Office 

8 at the Laboratory. The Laboratory Staff included G. Brooks Earnest, Assoc. 
> M. Am. Soe. C. E., W. Ja ‘Hopkins, Jun. Am. Soe. OC. E., and fifteen to 
ss twenty Engineering Assistants at the Case School of Applied Science. | The 
i a co-operation of the Designing Staff throughout the work was most helpful. 


a 

— 

— 
; 
1 


G. Howaro,° Jun. Am. Soe. C. E. (by letter).— —In view of th in- 

ereasing use of model ‘studies and the corresponding increase in difficulties 

_ of con: construction and operation of models, this paper is extremely helpful in > 

- its | presentation of the author’s 8 experiences in conducting the studies made Z 7 
in connection with the Muskingum Water-Shed Project. 


It is doubtful whether the troubles that are encountered with ‘pie 

for wometers can be over- over-emphasized. The authors state that, of all measure- 

tion 1 sments taken, the piezometer readings were the most difficult and unsatis- ge 
lof § factory. This is generally true in almost every study of the type dis- i 
‘eussed, where much use is made of piezometer readings. ‘The general 


difficulty encountered is in fluctuations the manometer tubes, caused 
by entrained air. To care for this factor, it is frequently possible 1 to install 

bleeder valves at certain points in the line to permit correction of this 

‘difficulty and also to flush the lead line. 
thse When there | are excessive fluctuations in the tube, it is also possible 

to use soveral arrangements for dampening these fluctuations in an effort to 

- obtain ¢ an average reading. _ One method is to choke the line, either by 
be using a a clamp or by a reduction in size of the line. wer method is 7 aM 
f have a stilling- -well, say, 9 in. by 9 in. by 15 in., into which the line | 

is led before it is taken to the manometer tube or r gage bucket. a 


second method has been found by the writer to be. preferable choking 
2 line. However, any method ‘for dampening fluctuations to obtain an 


average reading must be used with caution. — Each gage should be investi- 


gated carefully to determine the time required for equilibrium to be 
ion because inconsistencies in results ean quite often be traced iz 


Epwarps,? Assoc. M. yer C. E. (by letter) -—Former papers on 
investigations “utilizing ‘models have described briefly 
equipment and the physical features” of the models as incidental 
the the more detailed presentation of the test results, In this “paper, “the 
ta is true. Two objectives are reached by this “change: _ First, to 
other research workers, many hints model construction and operation 

given; and, second, ‘to the | designers who ‘put into ‘practical use the 

4 results of tests, some of the problems to be met and some of the limita- ’ 
- tions to be expected in model ‘studies a are presented, thus ‘promoting better — 
between the ‘research and the design groups. 

~ ag It is proposed herein to add a few remarks on the economics of model 


to elaborate somewhat upon. the operation difficulties listed 


by the authors, and to discuss ‘the relation. between the capacity of the 7 


prototype and the ‘model as “mentioned in the paper, 


Engr., U. S. Waterways Experiment Station, Vicksburg, Miss. $= 
“Che. . of ‘Hydr. Section, U. S. ‘Engr. Office, 2d New Orleans Dist., New Orleans, La. aot 
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of “Model Investigations —The cost of a model “investigation 

«a difficult to determine in advance. As emphasized by the authors, caution 

_ should be used in comparing the costs of different models. The construc 

tion cost for some types of models is relatively large whereas the operation 
cost of others is the major item. The cost of the construction of the rt 
‘set-up and of the operation of the first series of proposed tests may 
be estimated readily, but the results of the first few. tests may change 

; nature of the entire future program. Before the completion | of the 
‘it is | often” to to obtain: the results 


less on the average ‘than a model, 
Offsetting the uncertainty of cost of a is the 
fact that model studies usually point to economies either by indicating 
by directly reducing construction costs, or by both. 
=. Savings created by the elimination of unsafe designs. are indirect and 
often cannot e evaluated accurately. However, there are many examples of 
"reductions in construction cost, accurate estimation, which were 
entirely by model investigations, fy a 


the stilling- basin for the Conchas which was completed at 5 
Waterways ‘Experiment Station, at Vicksburg, Miss. ‘This study 
oi a dangerous flow condition in the basin for the preliminary plan and “| 


mately $625 000 less than the ‘original design. The cost of the model 
study was less than $10 000. dating of 


to the adoption of of an alternate plan having a reported cost® of approxi- 
_ The estimated construction | cost: reductions | which were made possible by the 


the general statement made by the authors, that “* eo” the model studies 
resulted usually in r reducing the length or width of the basins, or both,” 
indicates that the money saved ‘made. the “cost of. the investigation appear 
insignificant. There are many other examples of great economies resulting | 
Operation Difficulties Operation difficulties place definite limitations 

‘upon model studies. “The recognition of these limitations is essential 


proper analysis of the” test results. The authors state that piezometer 


readings are the most difficult to ‘obtain . accurately. Of course, the impor- : 


tance of the various ‘measurements: depends the particular problem 
being studied, but the writer believes that, ordinarily, velocity measure 
ments” in the type of model dealt with in the paper are ‘the most difficult — 
and unsatisfactory. Pitot tubes, Bentzel_ tubes, and small current meters 
all have their shortcomings particularly in exceptionally turbulent: nt flow 


to that encountered in a stilling- Sometimes it is 


4 


*“‘Hydraulic Laboratory Projects of the Corps of Engineers, Ss. by 


Jun. Am. Soc. Cc. ‘Transactions, A E., Vol. 58, No. DP. 561 
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ments based on different principles are nee for these measurements. 

 Entrained air, referred to in the paper, is only a a factor in scale 

or but — becomes a source of trouble in piezometer and Pitot 


air often entrapped. Mechanica 
of connections are desirable if not essential. ‘pumps or 
3 ejectors are most satisfactory for this fo ay 
Capacity of Prototype and Model—The authors impos- _ 
sibility of reproducing the frictional factor to scale in models of the size 
those Thy suggest measuring the value of experimentally 
and then us using it to determine the discharge conversion factor. In a 
4 


pos 


model in which the roughness is significant, method must be used 
with caution because the corresponding stages may considerably in 
error and the location of the hydraulic jump affected accordingly. For 
‘example, consider a model that has too great a value for n. For normal 
head-water elevation, the “conduit discharge would be e too small. Under 
- this circumstance a tail-water elevation in the model corresponding to the 
correct prototype discharge would cause the hydraulic jump to form up _ 
stream from its correct position. Particularly in 1 a basin having warped 
tides and sloping floor, this condition would be difficult to analyze. -How- 
ever, by varying the tail-water elevation for a given discharge, sufficient - 
data may be collected to permit ‘proper analysis of the basin action when 
te head-water elevation, conduit discharge, and tail-water elevation are bs 


One 80 solution for the problem arising ng from the inability to ‘reduce the 


m factor below a certain limit is to use a model that is large enough 


: to eliminate the : seale | effect. This often would require space | and discharge — 


te Another solution, which would eliminate the conduit section and pro- 
vide for studying the intake and stilling-basin in separate models, should - 
a considered for each specific problem. The friction loss in the conduit 
section would be left entirely to computation. 
T. Kwappen,® M. Am. Soo. | Cc. E. (by letter). —The general plan for 
the Muskingum project, referred to by the authors as the “Official Plan”, 
* was prepared by the U. S. Engineer Office, at Zanesville, Ohio, in co-opera- — 
tion with the Muskingum Watershed Conservancy District and was com- a 
pleted about August, 1934. This then was constructed by the U. 
“Engineer Department under the co-operative agreement between the 
Muskingum Watershed - Conservancy District and the U. S. Engineers, 
the Public Works Administration. . Since the work was to 
be constructed with P.W. A. funds and since nce the law at that time ne required 
; that all funds be obligated by July 1, 1935, the Designing Staff was faced _ 


aa 


* Associate, Parsons, Klapp, Brinckerhoff & Douglas, New York, N.Y. 
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PROJECT 


with the problem — of completing the plans and specifications for the ‘entire 
project: by the following May, in order to allow a sufficient period for 
B 4 advertising the work and awarding the contracts. In analyzing the design, 
it was apparent that numerous difficult. problems would develop 
4 and that the time for their solution would be limited. % Negotiations y were 
A started, therefore, « early in the summer of 1934 with the object « of devising 
>. an arrangement for testing the proposed hydraulic designs in a suitably 
equipped hydraulic laboratory. An “agreement was finally n made with 
Professor Barnes to have this work done at the Case School of Applied 
Science, in Cleveland, Ohio, and Mr. Sobes was assigned as -Tepresentative 
of the Engineer | Office to assist Professor Barnes in performing ‘the 
_ experiments and to serve as a “contact man” between the two organizations, 
At the time that these negotiations were going forward, a ‘Section was 
being organized in the Zanesville Office to . design the hydraulic structures 
Mr. Paul H. Jaenichen was placed in charge of this section. The ‘pre 
liminary hydraulic designs were developed under his direction, ‘and labora- 
‘ tory tests” were then run to check and improve the tentative plans. » close 
Ds - relation was maintained at all times between the design section and the: 
laboratory. The hydraulic model experiments were considered as being a 
= of the actual design. Throughout the course of the experiments, this 
policy was strictly maintained. Under ordinary circumstances one might 
been warranted in conducting these experiments to. extend the range a 
a, of test data beyond the immediate needs of a specific design problem and to os 
- obtain information of more general applicability; but the severe time limi tt 
tation made it to dismantle each model and replace it with R 
another one as soon as the particular problem was sufficiently clarified, — te 
Exceptions were made in cases where existing models - could be used with 
little “or no alteration for preliminary in investigations similar fea 


| 


ott Table 1, showing the cost of labor and materials involved in the model 


testing, is known to. accurate, as a gtrict system of accounting was : 


os 


established basis of approving bills for the work. The over-head 


The total cost of the "hydraulic ‘model work, inchading. -head, was 
approximately $42000, or an average cost of about $4000 per model. The 
construction cost of the fourteen reservoirs of the Muskingum seal" was 
“approximately $23 000 000, so that the cost of the hydraulic model testing 
was slightly less than 0.2% of the project cost. Although hydraulic ‘experi: 
+ ments were made for only eleven of the dams, the results were used on all 
fourteen. The » writer feels that the expenditure was more. than justified | by 
all At the beginning of the hydraulic design work, little information was: a 
available about hydraulic-jump action | in sloping and flaring channels. 
Considerable difficulties were encountered in the first designs, and many : 
changes were necessary in | the first models, in order to arrive at a good 
stilling-basin “arrangement; but as the hydraulic experimental work pro- 
_— Bressed and test results from the first models were analyzed, definite design 
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of the outlet structure of ‘the Wills 
paduit were before a satisfactory solution was but largest 


erimen 


perform experiments | on the Beach City which is 
in principle the same as the Wills Creek layout. The cost of the Mohawk 
tests was relatively high, due to the completeness with which the — 
structure and the conduit system were reproduced in the model. ‘ 4 
+ The experience with the small single- -conduit outlets was similar to that — 
with the large twin-conduit structures. The Tappen and Clendening out 
- lets were treated very completely in the experimental + work, ‘and numerous 
changes were made in these models. . The stilling-basin designs for Piedmont 
and Pleasant Hill were based on these experimental findings, and when 
tested in the models gave such close check on the original designs that it = 
ms felt that the Leesville and Atwood structures could safely be eliminated 
from the experimental program. The relatively high cost figures for the 
hydraulic experimental work for the Charles Mill, Dover, Mohicanville, and 
- Pleasant Hill structures are due to the fact that the spillways were included 
in these models and that the design | problems were of an intricate nature. i 
mt The use of the hump in the stilling-basin apron at the ends of the — 5 
tunnels for Tappan, Clendening, and Piedmont, first developed by Mr. 
G. Schneider while assisting in the design of these structures, proved 
to be an interesting feature. In ‘these eases the conditions for tunnel 
_ driving were most favorable at the elevations selected. At Tappan, oll 
- instance, if the tunnel had been raised to the required invert danilin. to 
avoid the use of the hump, the crown would have broken through a hard — 
- sandstone into soft shale which would have required timbering the tunnel 
an increased cost of about $10 000. Yo 
- fed is worthy of note, that the hydraulic j jump at Clendening is created 
the hump in the stilling-basin | apron; without it, unsatisfactory stillin 
‘performance would have to be » expected the prevailing conditions of 
high tail- water. In the case of the work at Teneen, plans and specifications 
issued, and the construction started in advance of the completion 
of the hydraulic experiments. - Because of this, it was not feasible to make 
the modifications indicated by these studies. The model experiments" 
"showed that an eddy could be expected in the stilling- -basin under certain e 
~ conditions of discharge and tail-water, because of the unnecessary basin 
_ width, whereas under more favorable conditions this eddy would not — 
writer was ‘fortunate enough to see both these conditions reproduced 
4 the prototype in the spring of 1936, after having witnessed. the condi- — 7 


tion in the model. A very” close agreement between behavior of ‘model 


actual structure was observed. 
During the 1937 flood, the Muskingum Conservancy District was unable, 


of legal to of the gates for so that 
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4 even with considerable outflows, discharge heads were relatively small and 
3 tail-water levels were higher than normal, due to the small ‘controlling 


effect of the reservoirs. — Thus, stilling-basins during this flood were 
an extreme and very unusual test. In all cases observed, the 
ky hydraulic jump developed ver very close to ‘the exit ‘portal. The ‘condities of 
 ontflow with low kinetic energy and high tail-water is difficult of Proper 
treatment in- the design, due to the proximity of unbalanced hydraulic 
jump conditions, but the structures acted remarkably well under this ‘teat 
In comparison with the hydraulic model work, it msy be stated herein 
that the appearance of the stilling performance in the actual structures 

was far better than that found | ‘under similar conditions in 1 the model 
o 3 tests. Various small and rather unimportant flow details that had been 


observed on the models _ were reproduced in the actual structures in striking | 
= An interesting point developed by the mead tests was that the flare 
i of the side- walls and the width of the stilling- basin should be limited ‘to 
; - obtain the best hydraulic-j -jump action. This was borne out by a comparison 
of the action of the Wills Creek and Mohawk Dams during the 1937 flood 

(Figs. 11 a nd 12). In their general layout these outlet structures have 
q much in common, both having large twin conduits. a The length of the 
Wills Creek Basin was limited by the dropping off | of the rock formation 
under the far end of the right-basin wall. ts sloping apron i is slightly too 
steep, and the basin width required to reduce the exit velocity to safe limits 
is somewhat too large for proper jump action. Fig. shows 
s Creek Dam discharging about 15000 cu ft per sec, or 7500. cu ft per see 
sa from each conduit, during the J anuary, 1937, flood. The back rolls lend 
side- wall, induced by the departure from ideal conditions described 
7% previously, are plainly visible. Fig. 12 shows the Mohawk Dam during 
the same flood, discharging about 16 000 cu ft per sec under similar taib Fi 
ps 4 water conditions. - The attainmen nt of close to an ideal design is indicated 
The writer would like to the of bafile- blocks as described 
by the sabi The model ‘studies sho wed repeatedly that ‘Properly located 


ci controlling influence in the design ‘of outlet structures is. the “correct 
determination of the tail-water conditions. The writer impressed, 
by the Muskingum model studies, with the importance of securing accurate 
survey data from which to compute rating curves below dam sites. oii 
‘The authors are to be congratulated on presenting this excellent paper, 
and 7 particularly for setting forth cost data and — describing in considerable 
detail the method of ee construction. As they suggest, the cost data 
must be used with c caution, as they are representative of a project involy- 
; ing a a large n number of structures. Had the model works not been grouped 
program, the have been probably 25% to 50% 


rhe writer feels that the expenditure was ae 


7 


4 
7 
= 
| 
| 
a 
— 

: 
— 
= 
‘nd 
| 
— 
— 


~ 
> 


| 


a 


7, 


= 


‘al 
q 
oiling 
aad 
| 

iking 

food | 
have 

| 
along 


252 POWELL ON MUSKINGUM WATER-SHED PROJECT 


ies 


é an allowance for = model ‘tests part of the necessary and 


The writer concludes from his experience on the: ‘Muskingum project 
that model tests of this type ‘should not be considered as a full substitute 


careful analytical design. In combining, Properly, model 


lems “may “be obtained at a minimum engineering ‘cost. hydrants 
engineer should use the model technique where the laws of hydraulics and 
hydrodynamics insufficiently known or their application excescively 
7 complicated. _ The hydraulic problems affecting the design of reservoir — 
4 outlet work are so involved that it is only by the most careful use of all 


available methods of attack that acceptable results can be obtained. 


W. M. Am. Soo. E. (by letter).—Hydraulic 


q testing has become well recognized as an essential part of hydraulic design, 
“a and, therefore, the authors have placed all hydraulic engineers in their debt _ 
_ by sharing valuable information as to methods and costs. During the pe §. 


riod covered 1 by the tests, the writer was ‘serving as pti pasar Engineer : for 


observing conte of the tests in progress, and of making a . fairly thorough 
eos of the complete reports which were prepared. This contact gave the 
writer a high “regard for what was accomplished under very definite limita- 
"As far as the writer is aware, DO equal amount of model testing has oaik 
4 been done in one laboratory in an equal length of time. Thirteen models 
>. were constructed and tested in about ten months. This was possible only — 
by working the models on three 8-hr shifts, and Meant (13 or 14- hr days 
the Supervisory | Staff. ‘Although the authors are to b be congratulated on 
the work ‘such conditions, they would probably be the first 
admit that the results might have been better if more time could have been 


taken. Engineers who “wish model comparable + to those deseri 
_ should, if possible, allow at least three months for each model. . If the fa- > 
- cilities of the laboratory are sufficient, several models may be tested simul- : 
=a but in this case the number of the experienced personnel m re 
The problem « of has been discussed. 4 
view of the uncertainty of many of the readings the writer wonders whether y 
hook-gages were not an refinement and whether direct reading! 
arranged in “ gangs” on ‘boards would not have been sufficient. 
Ripe has the advantage that the prototype elevations can 7 
7 marked plainly on the board, and a photograph will give a permanent record — 
of all the readings at the sani instant. If any disadk is much “ out of line”, 
‘The value of 0.0091 for Manning’s n in the Mohawk model is entirely 


possible, but the writer does not feel that much w weight can be given to such 


Assoc. Prof. of Mechanics, Ohio State Univ., Columbus, Ohio. 4 
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Tietjens"* then in the case of turbulent: 


the kinetic energy head increases from > to 1.09 in the 


of the length the Pipe. Ina complicated s 


‘stream from entrance, Tespectively. How much of the 0.09 5 


-inerease ir in kinetic energy head took ‘place two sections 


dificult to it may easily have been as much a a 3 0.02 This” 
would be of the order of 10% or more of the entire pressure drop observed. e 
This fact, coupled with the admitted uncertainties in the piezometer read- 

apg nkes the figure 0.0091 of doubtful value. This is entirely apart fe 
the doubt which grows constantly in the writer’s mind as to whether Man- 
ning’s formula should be used in model work at all. A better means of © 
fluid friction in conduits badly needed. oy 


a Grorce E. Barnes, 12 M. Am. Soc. C. E., anv J. G. Jozzs, Jun. Am. Soc. 
E. (by lette 1).—The discussion "shows corollary experience in other lab- 


oratories, with the inherent difficulty of securing desired precision in piezom- 
a and velocity readings. The value of model studies, now established _ 4 


~ beyond question, w will be much enhanced, of course, by any improvements in 
a, Messrs. Howard and Edwards both submit practical suggestions on the 
piesometer connections,  piezometer tubing, and indicating devices. 
these, and with Mr. Edwards’ comments | on velocity meters, the writers concur. 
Ih the laboratory at Case School of Applied Science, hook- -gage buckets for 
; gangs: of piezometers have been found less practical, in most cases, than a bank 
a. piezometer-indicating tubes. joined at the top by a header, and connected 
to pressure and suction lines by suitable valves. It all depends, however, upon 
. precision and convenience desired, and no generalization is offered. al aft 
* As the writers stated, too much ‘confidence is not warranted in the experi- i 
fae values of n determined for these short model tunnels. Professor Powell 
amplifies this observation by reference to the probable influence of the intake — 
on velocity distribution. a thesis study," it was was demonstrated 
conclusively that the apparent value of n in the model tunnel of Pleasant Hill — 
Dam could be changed by baffling the entrance ina manner influence 
Velocity: distribution. Furthermore, 


- “Bdwards, a value of n which i is on the safe side for the eapealey of the tunnels, 


Applied Hydro- and Aero-Mechanics ”, by Prandtl and Tietjens, McGraw Hill Book 
Head, Dept., of Civ. Eng., and Prof., Hydr. and San. Eng., Case School of Applied 
8. Engr. OMes, Low angeles, Calif. 
is “Determination of Kutter’s N for the Tunnel of the Pleasant Hill Dam Model, ” by 
_ Edward R. Van Driest, Harold B. Orford, and Charles M. Gard. Thesis submitted for the J 
degree of Bachelor of Selenee in Civil ene Case School of Applied Science, 1936. — 


im 
| 
lude  measuremer imi 
nted 
odel 
vulic 
od 
, 1 
ively 
‘voir — 
4 
&g 
debt 
for 
— 
t 
nita-— 
— 
ever 
only al 
days — 
t to 
4 
ibed 
mul- 
{ 
nust 
ther 
ot 
cor 
ne”, 
rely d 
such — 


‘BARNES JOBES ON MUSKINGUM WATER-SHED 
is on the unsafe side for the performance of the stilling-basin. — It j is — im ¢ 
to determine the value of n in order to calibrate | the > delivery capacity of the _ 
outlet works. In operating the stilling- basin, however, it is the "quantity of - 
discharge that is important. © For a given discharge, excess head may be ob 
Fit All observers agre agree that the design must provide for probable deviations in 8 
: tail-water level from those predicted. The extent of this deviation is a matter = 
of judgment based on the "iran strength of the da aed — which the ‘tail. § 


: e- _ Mr. Knappen’s discussion is most generous in scope. As the then Chief 
of the Engineering Division of the U. ‘S. Engineer Office, at Zanesville, Ohio, 
; his. viewpoint is most valuable. ¥ Perhaps too much weight is given the dollars 
- and cents savings made possible by model studies and too little weight is given 4 
the fact that such studies, in many cases, are worth while simply as a a 
a of good performance. Certainly, the art of stilling-basin design alone was 
_ greatly advanced in this work, and as Mr. Knappen indicates, it became more 
Se more possible to be right the first time as the studies progressed. | This 
was despite the wide variety of designs for the several dams. ‘arg = : 
The design of the Clendening Dam, discussed by Mr. Knappen, was men- — 
_ tioned by the writers as an interesting departure from orthodox design. It 
also illustrates how an idea for design will germinate during the manipulation ri 
of a model. In previous and incompleted tests on Tappan Dam, stilling-basin a 
performance with the tunnel at various elevations was studied for low dis- 
charges by merely inserting filler pieces or “humps” on the floor of the tunnel é 
as described. This was quicker and more convenient than continually 


changing the model around and, in a rough and tentative manner, it gave the 
approximate effect of raising or lowering the tunnel. Here was born the ‘ides 
of alow tunnel, with a portal or apron of greater lateral width and high invert, 
ar ah a simpler design was preferred if field conditions would permit raising | 
t tunnel throughout its length. However, the so-called “hump” proved well 2 
adapted to field conditions at Tappan, Clendening, ‘and Piedmont Dams, , and i: 


- the first design-for Clendening was so drawn up, although s some me changes were 


a i, Professor Powell dwells on the expedition with which the work was handled, ' 
mi and the limitations which this imposed on the scope of the tests. Expedition | 
marked the handling of the Muskingum \ Water-Shed Project as a and 


be stated, thenefone, that the model studies would have failed in their purpose, 

had each individual ‘study been extended beyond the time allowed. 

questionably, this program limited the findings secured. nada on 
i The writers did not intend to elaborate upon technical findings and design, i 
eo but rather on matters affecting the programming of model studies. — The 
following remarks are offered in closure: As part ¢ of the design n procedure, model — 


studies for a given project may be simple or elaborate depending on objectives. a he 

_ These objectives may be limited to taking observations on matters of = 2 
immediate or primary concern in the design, or they may be extended i in detail r. 


a z' or expanded to general research to facilitate the planning of a series of te 
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; 

AQT rag PA. 
"gated developments with other projects in view. Model ordinarily 
should start with preliminary studies and should be carried along concurrently 
with 1 design. . The writers believe it undesirable to issue contract drawings for 
- bidding purposes before the model studies are completed, on the assumption 


that changes will be minor in character, since under these circumstances they 
are likely to be in the nature of a ‘compromise and the desi 


the full benefit of the model studies. In the case of the Muskingum Water- 


gn does not receive 
Shed Project, model studies commenced at the very beginnings of design, 
is the best possible arrangement, and most 
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SUBAQUEOUS TUNNEL T 
4. A. EREMIN,* Assoc. M. Am. Soc. C. 


WwW 1m Discussion BY Messrs. Davin J. Peery, Bropie, 


we A A EreMn. of 

‘Stresses i in a concrete tunnel tube with flexible horizontal ties, are analyzed 
in this paper. The equations for. computing stresses in the tube and ties 
are based on the Maxwell theorem of reciprocal displacements. - Stresses in a ; ¥ 
Py tube may also be determined by the Method of : Least Work, . although the 


_ The dimensions of a tube and its tie- rods are generally proportioned by trial 


a tion v3 retina in the equations based on the Maxwell theorem than in 


Method of Least Work, 

elastic tube with flexible ties has found wide 

i in construction of f subaqueous tunnels, Is. In Fi rig. for example, the 


cast-iron rings bolted at the Each type has been found “ 
from a construction or economic standpoint, depending on the site and the 
- soil to be penetrated. In the Posey Tube under the e estuary channel be between — 
Oakland and Alameda, Calif., reinforced concrete pre-cast sections were re used. : 


1Assoc. Bridge Designing ‘Engr., Div. of ‘Highways, State Dept. of Public Works. 
Sacramento, Calif. 


| 
| 
7 
4 4 
= 
} 
— 
— 
7 
and error and, therefore, it_ 1s essential to save time in the analysis of 
8 
OadWway 18 placed av une center Of the sectlon. upper Horizon. ues 
ee i ; al are enclosed in the ceiling slab, the space above being used for an exhaust 
en ae ventilating duct. The lower horizontal ties are placed in the roadway slab, 
Pee 7 the space beneath it being occupied by the fresh-air ventilating duct. These 
mare even of the in tha eine 
| 


me f Tus of elasticity. The basic assumptions made for the elastic materials gen- 


> 

- In this case the horizontal steel | tie- rods were > placed in the ceiling, the road- 


way slab being designed to act as a strut to resist external soil p pressure.” | In 


- the Holland Vehicular Tunnel under the Hudson River between New Jersey a 


and New York, th the tube was made of bolted cast-iron rings. - The high po: 


steel tie- rods were placed in the and roadway 


g 
Upper Tie Rods 
fue 
Lever Arm 


We \ 
Center of | i 
Elastic 
Weights 
Lower Tie Rods 


Fig, 1.—TYPICAL SECTION oF SuB- 2.—D1aGRAM oF 5 


The equations developed i in this paper - refer to the ‘aatede of stress in a 
_ teinforeed concrete tube. However, they may also be used for the ‘analysis 
stresses in a cast-iron tube by. substituting the proper values for the 


- erally used in the theory of elasticity 1 were adopted fi for this paper. ; ~~ 
the possible effect of plastic flow in concrete was” not considered. 
4 they oceur and are summarized for reference in the Appendix. An effort has 
been made to conform essentially with ‘ “Symbols for Mechanics, Structural 
Engineering, and Testing Materials™ compiled by a committee of the Ameri- 
Standards Association, with Te presentation, and approved by the 


“ade sotied sustained by a onan ‘tube consists of external earth and water 
loads, the ne weight ¢ of the structure, the live loads on the roadway deck, and 
the force of buoyancy. ‘Ther ring and the loads acting on it are generally sym-_ = 

& metrical about a vertical axis through the crown section, and, consequently, — 


ing stresses at the upper and lower crown sections are zero. 
developing the equations the half-ring shown in Fig. 2 is pt iment 

ng a 1-ft length of tube, fixed | at the bottom, with the right half removed. 
The tie-rods are replaced by tensile forces, and the reactions from the right 
half are expressed by the horizontal force : bending moment applied at 

An elastic tube with two horizontal flexible tie-rods is statically indeter- | 
nilaate in the fourth degree; that is, there is a deficiency of four ur equations r 
for solution as a statically | determinate problem. The following are the con- _ 
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‘crown sections may be equated to zero; and (3) the horizontal sien a 
of the ring, at the points where the tie-rods are connected are equal to the 
strains in the corresponding ties, AL bow 
Case 1.—Tunnel Section Without Tie- Rods. .—Equations developed for 
determining stresses in an elastic rib arch fixed at the ends, may be adapted 
: to the solution of stresses in any closed ring without tie-rods. Since such a 


4 ring is symmetrical about the vertical axis, its elastic center will be on ‘the 


— axis and its distance from the upper crown section, ye, may be com- < Dp 


Jude 


£. in which (see Fig. 3), v = the the vertical die 


— 


*s ri ‘tance from the axis at the crown, to any point, 


th 


x, y, on the ring; dw =- elastic weight 


4 


Center Line of 


of the. arch element; ds. = the length of an 
clement, “measured, along ‘the. ‘neutral. axis; 


=. ‘the ‘modulus of elasticity of the con 


Elastic 
(Weights wi crete in compression; and J = the moment of — 


Inertia of the section of. the tube. Lew 

ton horizontal force, Hy, that expresses 
nt effect of the right-half ring (transmitted 

through the hypothetical shown in Fig. 2) 


which, M = the moment at some point, z, y, on the neutral axis 


of the tube produced by the forces applied between that point and the crown; 
H and V are the horizontal and v vertical components of the sum of all the 


forces between Point 2, y, and the crown; dv = ——;3 ear the area 0 


a 
angu- 


introduced t 0 allow for of one-half the 


-8“Movable and Long-Span Steel Bridges”, by G. A. Hool and W. S. Kinne, p. a 
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ditions e met: (1) From symm! vertical diame in Fig 2 
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” STRESSES IN TUNNEL TUBES 


cos* dy - 
integration taken from the fixed to Point ae When the 
external load is a unit horizontal force applied at the upper tie-rod joint — 
(Fig. the horisontal and vertical components are H = 1,and 


xX, = 


(@) DUE TO EXTERNAL TO UNIT FORCE AT DUE TO UNIT FORCE 


; a the bending moment at Point z, y (Fig. 3), on the neutral axis below ie 


| 


in which, y, = the vertical distance of the upper tie-rod joint from the elastic 


center. . Therefore, from o Equation (2), the horizontal reaction at the 
center, produced by a unit force at the upper tie-rod joint is: 


aft 


—v) dw + J cost Odo 


> 

the reaction bending moment, from @) is, 


From (5) the horizontal distortion at some point, y, on a the neutral 


= — yd dw + | cos* @ 
y’ 


dw - 


—— 
may The distortion nay be determined by: — 
the 
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fight — 
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Likewise, the horizontal thrust, the ‘moment, M, 


in which, the vertical from the center to tie 
The horizontal distortion, Au, of some Point, Y, produced by a 
ad force applied along the lower tie-rod is the sar same as Equation (8), substituting 
yx, Hy, and My, the corresponding values of Hi,and Mi 
‘The limit of of integration for the nominators in Equations (6), (7), (9), 
and (10), i is from the intersection of the axis at the invert crown to the point, 
_ a, y, at which the tie-rod is fastened. The limits of integration for Equa- 
tion (8) is from the intersection of the inte at the. invert to the point, 2, y, at 
Case 2.—Tunnel Section with Horizontal Tie- Rods. —Whereas, a ‘circular, 
_ elastic tube with two horizontal tie-rods is statically indeterminate in * 


fourth degree, w without the tie-rods the section is statically indeterminate in 
the second degree, and in the latter case, the reaction forces may be com- 
8 puted by Equations (2) and (3). ‘Stresses in the tie-rods may be ae 
from the Maxwell theorem of reciprocal displacements. ,.. 
The horizontal distortions at the level of the upper and lower tie- = are, 
respectively, Aou and Aoi. In the tube with ties these distortions are corrected 
_ by tensile forces in the tie- -rods. _ The final force in the upper tie-rod, "assisting 
the tube to carry the external loads, is indicated by X, and at the lower rod 
by ‘Xi. The horizontal distortion at the up upper tie-rod joint produced by the 
_ upper tie-rod stress is XyAiu, and the distortion produced by the lower tie- rod 
stress is Au. The total distortion, of the ring at the level of the upper 
tie -rod, from its original position, is ; equal to one-half the strain in that tie « 


= 


(assuming ‘no initial tension in the tie- Therefore, from the M: 


theorem the equation may be written: 


>... 2 By Ay 


in 
— 
de 
th 
2 
ir 
= 
Be 
— 
— 
| 
an equation of distortion may be written: 


in a which, 

Equations (12) and (13) the reactions, x s , and = ci, in the tie- rods m: may be 
horizontal thrust, H., and manent, at ‘the | 

center of the tube, with tie-rods, may be computed from: 

M, and the normal ihe N, at any radial « section may 
; thus, for points on the axis. the ) Fing between 


Gm 


V sin — Xu cos 


Case 8.—Temperature Stresses. Assuming the tie-rod removed, the hori- 


ture re of the ‘atmosphere i is exprested by: ay 


in a which, c = a coefficient of temperature expans expansion or contraction miel conerete ri 
for rv variation in temperature; and r = = the radius of the neutral ¢ mane of the 


“The distortion of some point, x, y, on the neutral axis of the etube 


Tension or ‘slack i in the > upper and lower produced by temperature 
$ ges in the : ‘atmosphere may be c computed from Equations (12) and (13),ex- 
cept that Ao: and Aoa must be changed to the temperature distortions, Ary and a - 
in the upper and lower rods. Temperature stresses may be computed 
for differences in temperature hebwetts rods and ring, with appropriate dis- 3 
tortions, Ary , and Ati. It should be noted that the earth pressure loads may 
also change with changes in temperature. 
4.—Cireular Tunnel Tube of Uniform Thickness.—The e equations for 
computing stresses in a circular r ring of uniform: thickness may be simpli- 


bi _ fed considerably. The elastic center of the tube will be in the geometric 
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nter of the r ring. co-ordinates of a of a ‘radial section “may be expressed 


do. 


in ich, Ky = = - Substituting 1 ‘Equations (20) to. 
uations (2), (3), and (4): awh 


bo 


K, M cos a0 + K, cost 040 + K,f V sin cos 0 40 


(7K, + Ky 


co + H cost + Ky V sin 0 cos 6 d0 
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: “ie an illustration of the practical a spplication of the equations developed, 


Center Line of Tube~ 
eel adi te one Lb per Sq rt tunnel tube with the tie 
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te 
wo ne 


7 e ceiling were 
computed. “Fig. 5 shows 
the of the tube ; 
and the external loads 
geting on it. addition, 


mon the of the 


onl ‘of the is 

—| sy = 99.67 ft; and the 
S800 LD pera Ft the tie-r rod frot m the 


Fic, 5.—Tuse Section anp LoaDING hat 


— 
4 
— 
— 
—— 
— 
— 
A 
a 
H | Neutrat axis Canter ot 
— 
— 
— 


the center of the ring. The horizontal thrust. and the bend- 
moment, Mo, the external loading, as computed by ‘Equa- 
tions (25) and (26), are Hy = 81 500 Ib and Mo = 1450000 ft- ” The hori- cal 


external loading, i is computed by (27): 0.248. ft. 
thrust, Hy, and bending moment, M at the elastic center 
2 by a horizontal load of 1000 lb at the point, Yu, as computed by Equations (6) 
~ .and (7) are: Hy = 668 lb, and My = 10600 ft-lb. The horizontal distortion 
. oof the tie-rod joint of the tube produced by a horizontal force of 1 000 Ibs at 


) 


Yu as computed by Equation (8) is, Aw = 
produced by: a tensile force of 1000 Ib, is: = 10002 

- Substituting the values of the distortions in Equation ry and solving, — 


te unknown reaction in the tie-rods is found to be ‘Xu = 22877 lb. In a 
Equation (12), for the present example, Xi = 0. The unit stress in 
4 


the dirept stresses on the reactions at the elastic center ‘aa the horizontal F; 
dis distortions of the tube have not been | considered in this example. - 


ing t the stresses in} a ‘tunnel tube may. be as 
tt 
The in | the shell and tie-rods of a tunnel m may, be computed by 
; an adaptation of Maxwell’s theorem with the same precision as by — other 
method based on the theorem of least work, 


The ‘significance « of the various terms” in the equations comput- 

ing the stresses may easily be visualized. Therefore, ‘theéomputation of 
stresses may be simplified by reducing» them for negligibly small terms. 
- Furthermore, the simplicity of interpreting the signs of the expressions for — 


(8) The “trial- and-error” changes in the dimensions of a tunnel tube 

: =~ the tie-rods in the method based on Maxwell’s theorem will affect a 
—— number of the terms than i is the case with the method of least work, | Jy 
hs (4) Further simplifications 1 may be introduced by preparing tables and de 

ae (5) The method of computing stressés in the ‘tube based on — 
theorem has a wide application. It may readily be used in computing srw 


. ‘in any other type of staticall rm 


The necessity shorter and more accurate metho 
‘stresses in a tunnel tube is unquestionable. In this respect, the method pre- 
sented herein, based on Maxwell’s theorem, will be of interest: to the a L 
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walt The ‘following symbols, | defined where first introduced in the Paper, are 
re- ~arranged herein for convenience of reference: at obec! 19° 
= area of a radial section of a 1-ft length of tunnel; also, with | 
subscripts, A = cross-sectional area of a tie- rod per linear 

foot of tunnel, Ay referring to the upper of two rods, and. 


4 = coefficient of expansion or contraction of concrete for a change 


E = modulus of elasticity : E., for ‘conerete in compression ; and Ba 
f = unit stress, fs, referring to unit steel stress; 
‘S “avi H = horizontal thrust or reaction; horizontal component of force at 


any point, x, y, produced by forces on the ring between that 
J i point and the crown; H, = horizontal component of force ie 


the crown section, transferred to the center of the elastic 
weights; Ho = horizontal | component of force applied at 
a lduaiood wi! the center of the elastic weights to allow for the removal of 
one-half the tunnel section; H, = a horizontal force at the 
a center of the elastic weights produced by a unit force applied — 

_ along the upper tie-rod; H; = a horizontal force at the cen- 

Lely “cyl ter of the elastic weights, applied along the lower tie- rod; 
_ H: = a horizontal thrust at the center of the elastic weights, — 

Hi @ produced by a change, ¢, in the temperature of the atmosphere; 
b= = height; hy = the vertical distance from the crown to any point, 
ty yy On the axis of the tunnel ring; = 
‘a ine = moment of inertia of a radial section cut from a 1-ft length of 


ans = 


= aconstant; K, = 


ei coed the tunnel ring, L referring | to the upper of two rods and 


wt Mater moment; the bending moment at any point, , x, y, produced by 


i-.% the forces on the ring between that point and the aa 
= moment at the crown, transferred to the center of the 
Ee iNew a elastic weights; Mo = moment applied at the center of 
> sonal the elastic weights to compensate for the removal of one- 
2 9 half the ring; My, and M; = moment at the center of the 
Pres 7 elastic weights produced by a unit rotation in the oa 


a ring at yu and yz, respectively; and M: = moment at the 
center of the elastic weights produced by a change, ¢, in 
art the temperature of the atmosphere; M, = the bending 
sans int si moment at any point of the tunnel tube with tie-rods, Equa- : 
‘wall N= component of thrust normal to a radial plane through any point . 
Pp = pressure per unit area; on the 1-ft_ length of tunnel, p,, p,, and 


ant ae Ps, = the uniformly distributed loads on the top, bottom, 
and sides, respectively, of the tunnel a: (see Fig. 5); 
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_r = radius of a circle described from the center of elastic weights; _ 
aie the radius of the geometric center of the neutral axis of a — 
a = = linear distance, measured along the axis of a tunnel section; | 
= change in the temperature of the » atmosphere, in degrees 
vertical component of force at any point, x, y, due to. forces 
on the ring between that point and the crown; 
elastic weight with normal stress = EA 


wi w = =e! 'astic = 


oul X1 to the lower one; 
a horizontal distance inter 

: = a vertical distance measured from ae center ved elastic weights; , 
See --Ye = the distance to the neutral axis of the tunnel ring at 
Se. aa the crown; yu = the distance to the upper tie-rod; y: = the = 
distance to the lower tie-rod; 
distortion or displacement; Ao = the distortion 


a han any point 2, y, due to external loading; Au = the distor- 
al mre, tion in the tunnel ring, at Point yu; Ai: = the distortion at 
Ss eo any point, z, y, due to a unit load applied along the upper 
a 


ait M tie-rod; A, = the distortion at any point, z, y, due to a unit 


load applied along the lower tie-rod; A; = the distortion in 7 
BA the tunnel ring at yi; At = distortion at any point, L, Y, 
due to a change in the temperature of the atmosphere; . 
= the in the tunnel at t Yu | due to 
strain in the upper tie- -rod = ; Acs = distortion 


any. ‘point, 2, y, and the tangent to the neutral axis at that — 

point; in a circular tunnel section the angular distance (cen- 7 
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Davw J. Peery,® Jun. Am. Soo. E. (by letter). —The entail. 
this paper is quite convenient for purposes of of computation and "design, 
being a very simple and ingenion 
method for analyzing a structure 
which is: statically ‘indeterminate in 
fourth degree. Equation (4), 
however, represents je. horizontal 
deflection of the elastic center, 
_ rather than the deflection of a point 
on the ring. In order to avoid 


ambiguity in nomenclature, 


ae that the specific point at which the 
deflection is desired has the co-ordi 


| | nates, Other nomenclature 
will be as "shown in Fig. 3, the 
variables, and y, representing the 


odt = aim 


co-ordinates to the curve of the 

neutral axis of the ring. The hori- 


vie 


yy 


dw + Sov 6 va]. Mo 


= 


on the fixed support to Point v,y'. . If the limits | of integration are elie 
a from the fixed support to the Point 7’, y’, Equation (4) represents the +e 
- deflection of the elastic center when the part of the ring between the 
fixed support and the Point 2’, y’, is considered | flexible an and the other part d- | 
the ring is considered rigid. If this deflection is Ace Equation (4) and ; 


tangent a at Point Equation will represent the horizontal deflec- 
tion of Point 2’, y/, only when there is no ‘rotation of the tangent | at the | 
Instructor, Carnegie Inst. of Technology, Pittsburgh, Pa. 
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. This will not be true in a a genera case, it this rotation at Poin 


‘The geometric significance of the last in (29) (30) is 


evident from Fig. 6. (8) and (27) of the paper will also have’ to 
usted in the same manner. “git . 
M. Am. Soc. C. (by letter) Simplification of 
for ‘obtaining ‘the: most probable stresses to be expected in sub- 
aqueous tunnel tubes is always welcome and the author has presented his 


method o of analysis clearly and briefly. His paper ‘should | prove serviceable 


he The application of the Maxwell theorem 0 -reviprocal displacements, 
“while. not novel, is extremely apt in connection with the feature of the 

restraining effect of horizontal tie-rods. Mr. Eremin is correct | in his 

conclusion that the use of this theorem, in. this respect, affords a simpli- 
over that of the method of least work; but the writer has applied 
Zz % the latter to tunnel stress analysis, by ‘means of a simple graphic adapta- 


ion of the method, which served as a satisfactory check to the more precise _ 


“method by deflections. The use of the elastic center for the origin is also 


simpler, in the delliictiim sasthad: ‘than placing the origin at the invert, as 
of has been done in studies of this kind. Tabular methods of computation 
always should be used ; but after the basis of computation has | been -estab- 
lished by the ‘theory, it is doubtful whether or ‘not, in general, the subse- 
quent labor ‘computing varies” much. author has stated, 
mechanical part is a matter of preparing tables and ‘diagrams. 
Although it is obvious” that the theoretical ‘derivations, ‘such as th 
outlined in paper, are independent of the physical conditions 
rounding the structure, nevertheless _ the paper arouses curiosity along the 
lines of the assumed loadings for the tunnel considered. Some develop- 


of tunnel stress theory incorporated the ‘ “external loading” 


in the integrations. ‘The author very properly has omitted these, they 

encumber the analysis unnecessarily, “especially as the use of unit 

forces and moments suffices in this Tespect ; but as the main “objective of 


any analysis is to make practical application toward e ev. aluating stresses 


in the structure for proper design, it must be admitted that some appraisal 

No doubt it is true that each tunnel project | presents 


“this respect peculiar to itself; but the writer is out of sympathy with the 
thought that because the determination of external forces is often more 
less uncertain, in an absolute sens sense, theoretical studies, such the 
i - author has presented, are of no practical value. In each undertaking more 
is learned, and uncertainties of yesterday become cleared up to- day. The 
value of investigation is that by its. application in a compara- 


of the external forces forms the other half of the “ picture.” 


= "Designing Engr., New York Board of Water Supply, New York, "a 
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tive manner, the by of works ‘success: 
fully accomplished may be carried over to present problems of projected 
4 work. The theory provides the vehicle. Ino other words, theoretical analyses 
permit of comparing tunnels of different sims ond types under approxi- 
review, a as briefly pepe the main results of the Holland Tunnel s studies, 
after | which he will illustrate one phase of this ry by considering te 
a example shown n by the author in Fig. 
The comparative studies wer were made mainly on aad ee Teed 


dana as being most similar in kind of material, along with the tunnel tube 


considered, with others” suggested. Extensive stress analyses” were made by. 


q means of the method of least work and the method of deflections. "Studies 
of the local stresses at the joints, both end and side, were | based upon the 


a 
results of these analyses. The cast-iron ring containing the entire ‘internal 
structure and the cast-iron ring alone (as it would be during construction), } 


- with and without compressed air, were subject to the investigation, — The 


depths over the top of the tunnel ring which gave the probable, greatest 
loadings, were 31 ft of silt beneath 38 ft of water, and the weights of silt 


water were ti taken, ‘respectively, at 104 and 64 Ib per cu ft. ia 


- Due to the wide variations in the behavior | of the silt of the ‘Hudson 

River, as had observed by different “people at different times and 


under varying ‘conditions, diverse opinions existed as to the actual forces 


that might be expected to be active externally. - This. is explainable if one 
\ considers" the noticeable variation the consistency, composition, water 
Py content, and weight of silt, after the violent disturbance of the ‘shoving 
the shield ‘and then after ‘a considerable time | during. which has 


4 become quiescent around the tube. To include ‘material of varying con: 


sistency, Rankine’s | theory of earth "pressure was applied, through varying 


ngles” of repose,” although it was well recognized that that theory did 
the tenacity, or ‘cohesion inherent to a more or less deter- 


minable "degree, in the river silt. (Subsequent experiments “disclosed a 


value reaching 0.4 Ib per sq in, with a water content of 55% by volume. 
‘This value was indicated by a computation to ‘contribute toward offsetting 


| Beas to rise because, by the Rankine theory, the result was that 


in some cases the weights of the tunnel ring alone, with the overlying 


material bearing upon it, were less than the upward, ‘active pressures of 


‘Where “ floatation ” ” was indicated, due compensation was made by the 

distribution of ‘a uniform load either at | the top” bottom, as required, 

‘ we During _ construction, + silt pressures were observed around the tube over 

eed considerable period of time, by specially designed , the 
>" of which w 

currently with these observations weight and water content determinations 

a made. ‘The silt weight ranged from 93 to 114 lb per cu ft and the 


water content, from 52% to 64% by volume. . Laboratory tests followed 1 a 


r= 


= 


— 
— 
— 
— 
— 
— 
4 

— 
— 

7 

a 
| 
je 
f 
} 


re 
BRODIE ON STRESSES IN TUNNEL TUBES 


transmission of ‘conjugate pressures, whence es an index, angles of 


pressure gages in ‘the tunnel that these angles were at 
top than at the bottom of the ring. The recent advance in the realm of pS: 
soi] physics ” gives promise, along these lines, of clarifying much that, 
in the initial stages of the Holland Tunnel construction, was more or less 
speculative and rendered the minds of some engineers skeptical of theo- 
mentioning the Holland Tunnel, |, the ‘author referred to high tensile 
tet in the tie- rods. It is believed that this tunnel was the first to —_ 
the tie- rods _ introdpend.. The tunnel ring bolts were also of the same 
material. -It might be of interest to note in this connection that the idea he 
for the use of high tensile steel in the Holland Tunnel, for this purpose, 
proposed originally in December, 1920, by Ralph Smillie, Am. 
©. E., then Designing Engineer on the Tunnel Staff. There were several 
other features of design besides the bolts and tie-rods which were developed — 
the “comparative studies made possible by the analyses. ‘The segments 
of cast iron and steel were thickened at the corners of their flanges, which 
insured better castings and reduced local stresses in the flanges. dit had 
been demonstrated that changing the location of the bolts connecting the 
end flanges of the 1 ring segments, by moving them nearer to the inner 
sides of the web and side flanges of the segment, resulted in a more rigid — - 
joint : and, consequently, a stiffer tunnel ring. Furthermore, it was proved x | 
that the lower middle bolt, then customary in end-flange design, was 
entirely inutile; — only, with the introduction of the high tensile ‘steel 
and corresponding decrease in bolt diameter were these innovations made 
possible. The bolts were tightened to an ‘initial stress of 25000 lb ao 
: sq in. and both the saving in bolt and tie- rod metal foo 007 with a — ' 


justified the in design. The ‘effect ‘of the tie- was 
approximated by ‘supplemental calculations, which indicated a reduction in 
flexure in the ring by about one-half to nearly two-thirds, from that without — 


The interest in the “ loading” applied by the author was aroused by 

‘Fig. 5, in his exemplification of the application of the equations, - illustrat- 

ing the writer’s contention of the affinity of the conditions surrounding ~ 

tunnel to stress analyses. Fig. 5, however, indicates: the example 
= is. in nature, or — the Rankine angle of Tepose is 


"Table 1 serves to | compare a moments in the Posey Tube between ~~ 
“Oakland end Alam meda, Calif., with one of cast iron, of the same outside 

- diameter (37 ft), first under the loading inferred from Fig. 5 and then 
“under the weight of material ‘surrounding the Holland Tube as: assumed 


for that tunnel, ‘and with an : angle of repose of 3 degrees. Asa measure 
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TUNNEL TUBES 


or Maximum Moments EL 


iy Tunnel ing or a Load, Wi, in Pounds per ser Cubie Foot, of: 


_ for comparison, 1 the maximum bending moments for each have been « com: 

puted, without tie-rod restraint, by the following equation: 


in which: M = maximum bending moment Gn foot: 4 ina ring 


ameter. of ring, in feet; H,= = depth, in of the center of the 
tunnel ring below the surface of the silt ‘(the depth of water above is 
- reduced to an equivalent depth of silt, which is added to the actual depth of 

silt); ; W, = weight of 1 cu ft of silt or material, in pounds; a, b, and ¢ are 

in which $= the angle of repose of the ‘material ‘surrounding the the ring. 
- Values of the constants, a, b, and ¢, for use in. ‘Equation (31) are given 
4 in Table 2. It should be borne in mind that Equation (31) yields only the 
(not the location) of the maximum bending moment. A A negative 
moment in an signifies only reversal from the moments that 
TABLE 2.—Va.ve or Constants ror Use 1x Equation (31) 


0361 
0.0236 
0.0247 
0.0120 


|. 


“Fig. 5 indicates that the ‘specific gravity of appears to 


u only 0.86. i The head on the center of the 37-ft tube is 89. 5 ft; its weight 
is 78 500 Ib per lin ft, the weight of material around it, 53.7 lb per cu m 


pes 


the angle of repose, first 0° and ‘second, 3 ‘degrees. 


not 
it 
a f 
— 
< 4 hat 
4 ust 
gre 
| 
0.1084 0.000 |} 79-30’ | 0.0343 | 0.4706 | 17.20 
22-0" 0.0974 0.067 || 89-0’ | 0.0363 | 0.4875 | 17.42 
3°-0' 0.1295 | 6.94 | 0.101 |} 8°-30’ | 0.0377 | 0.4995 | 17.50 
7 0.1758 | 8.65 | 0.117 || 99-0’ 0.0387 | 0.5080 | 17.50 
—— nr ae 0.2620 | 11.26 | 0.130 || 99-30’ | 0.0304 | 0.5145 | 17.41 “Fie 
4°-30’ | 0.0102 | 0.2824 | 12.00 | 0.144 10°-0’ 0.0372 | 0.5030 | 17.15 
| 0.0232 | 0.3740 | 15.03 | 0.160 10°-30’ | 0.0349 | 0.4920 | 16.75 
| 0.0275 | 0.4125 | 16.20 | 0.176 11°-0, 0.0826 | 0.4805 | 15.97 
— 0.0263 | 0.4040 | 15.96 | 0.182 12°-0’ | 0.0327 | 0.4862 | 15.83 | 
«62-0 0.0411 | 0.5305 | 18.90 | 0.189 13°-0’ 0.0328 | 0.4919 | 15.70 
B80" 0.0359 | 0.4835 | 17.85 | 0.204 14°-0’ 0.0329 | 0.4975 | 15.57 ~¢ 
j 0.0807 (0.4440 | 16.86 | 0.218 |} 15°-0’ | 0.0330 | 0.5030 | 15.43 
— 
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EREMIN ON STRESSES IN IN “TUNNEL 

The weight of a cast-iron tube, should he 56 000 
Ib per lin ft. The results in Table 1 indicate that the Posey Tube sus-— 
tains less flexure in the heavier cohesive material, whereas the cast- iron 
tube fares better in the liquid. No doubt it “would float; but this has 


been considered in the example. 

Equation (31) was derived and constants computed as an epitome, as 
it were, of the studies | alluded to by the writer. _ It may be used directly 
for fairly close approximations of values’ for ‘tunnels of different sizes 
“and weights and depths of submergence. Curves in of angles of 
"repose as arguments may then be plotted and com- 

The maximum bending — usually” occurs at the crown or invert 
-aoogh it has been found at the haunches, depending upon conditions, — i 
occasionally between the crown the haunch. Moments the 
~ haunches are of opposite sign to those ‘at the crown and invert, and the 
usual assumption is to consider moments to be positive when producing 


on at the “extrados” of the ring, and negative if they produce 


M. AM. Boe. C eter) —The 


‘paying. discussion contains much 


3816 Lb Sq! Ft, Vertical 


= 


=Vf — 3318 Lb per Sa Fe 


6231 Lb per Sq Ft, Horizontal 
Distorted tion i 


Pressure at Bottom 


3816 Lb per Sq Ft, Vertical Press 
16. 7.—DIAGRAM OF HorizonTau Fic. 8.- LOADING | 


___ Equations (28) to (30) for horizontal displacement at Point a, y (Fig. 

presented by Mr. Peery, are correct. However, .the computations 
the horizontal of the tube may be greatly simplified. For 
Convenience of reference the left half of the tube, with Point P- defined by 


- the co-ordinates , 2; and y:, is shown in Fig. 7. The elastic center of the 
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ON STRESSES IN TUNNEL ‘TUBES 


and the origin of the co- o-ordinates, and are at the ‘The 


ty 


CA 


. and the horizontal placement at Point P 0 on . the left half of the tube fixed 


Bow = rf. M (k — cos @) dw + fu cos? dv pa V sin @ cos dp 


(k — cos @) cos 6 dw cos? rfo- cos 6) dw. (35) 
- For practical purposes in computing horizontal displacements the influence 


of direct and shear stresses may be neglected w erro 
“ws 


‘fore, Equation | (35) ‘may be written, 


Bou = M (k— cos 8) dw — Hor — cos 9) cos 8 dw 


Horizontal displacements can be ‘more 
than by ‘Equation (29). 4 Furthermore Equation involves integral 
terms similar ‘to those in formulas for computing the redundant forces at 
the elastic center of a tunnel tube. The horizontal displacement of the left 
half of a tube, loaded with a force equal to unity (X, = +) and acting along 
the upper tie-rod (see Fig. 7), or with any any other loading, may be determined - 
by Equation (36). The bending moment at any , 2, y, on half 
of a a tube loaded v with | a force, | a (Fig. 


Inv computing the horizontal displacement of the tube at Point P by Eque 
~ tion (36), each term containing an integral may be computed separately. 


‘Substituting the bending moment from om Equation ‘in Equation (36), 


4 


1@,- sin 0, cos 20) 


the 


“It 
adius, is: 
ortion of the r 
— Int 
— 
— 
by 
— 
— 
— 
Bo 
— 
— 
— ns 
— 
— 
— 
— 
in 
— 


STRESSES IN TUNNEL TUBES 


— ksin 6 +5 (0, + sin cos 9») 
Integrating and simplifying the third term of (36), Bs is: 


= er (k — cos 0) d 


“Therefore, the ‘hotisontal displacement at Point P, Fig 4, as computed by 


Information concerning pressures on subaqueous tunnels, as ‘given 
by Mr. Brodie, is most interesting. | It is true, as Mr. Brodie states, that 
the method of considering the distribution of external pressures in sub- 
aqueous tunnels “forms the other half of 
‘In Example 1, Fig. 5, the loadings are ‘assumed. It may be interesting _ 
tt compare them with the specified external loading used in the design eo . 
Posey Tunnel. ater pressure on that structure was considered as a 
acting (independent of earth pressure) radially over the entire ‘circumference. 
The vertical pressure on the top was considered equal to the total weight 
of water, at 64 Ib per cu ft, plus the weight « of the submerged earth at 62 Ib @ 
_~per eu ft. _ The intensity of the lateral pressure at any section was assumed x 
equal to total vertical pressure, excluding water pressure, multiplied by my 
33%, ‘plus the intensity of _water pressure. This also agrees with lateral 
pressure eomputed with Rankine’s formula for wet sand with an angle of ¥ 
repose of 30° recommended by the late Milo S. Ketchum, Hon. M. Am. 
a Assume the tunndl ‘fe in Example 1 to be placed 48 ft below the v water sur- 
face, as shown in Fig. 8. The top of the earth fill is 12 ft above the top of 
th tunnel. —— the vertical pressure on top: of the tube is 64 X 48 : 
_ +62 X 12 = 3 816 Ib per sq ft. The side pressure at the top of the tube 
is 64 X 48 62 X 12 X 0.33 = 3318 lb per sq hy site 


the weight tube. ‘to be equal to ‘the of the 
. ‘alone tube, the vertical pressure at the invert will be the same as that — 
at the top. If the tube is filled with water, and if the earth fill is placed di- 
rectly on top of the tube, the vertical pressure on the invert will be = 
F than that on top by an amount equal to the weight of the submerged tube. - 
_ To simplify computations in Example 1 the loading on the tube was as shown — 
in Fig. 5. _ Evidently, this loading gives greater stress in the tie-rods than 
that in Fig. 8. _ The exact loading on subaqueous tunnels varies with the 


*“The Design of Walls, Bins, and Grain w Milo & Ketchum, Third 
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EMIN- ON STRESSES IN TUNNEL TUBES” 


‘method of construction, the supporting foundation beneath ‘the: finished 
ws tunnel tube in place, the v variation of the water level, and the plastic flow 


5 plastic flow of mud on the external pressures and deformations of the Hudson 
and Manhattan Railroad tubes were observed during the construction of 
‘the cast-steel rings. Perfectly circular steel rings, when shoved forward 
under pressure by means of jacks, were changed in form by the lengthen. 
ing of their vertical diameters and the shortening of their horizontal diameters, — 
= flow of mud had occurred the shape was reversed; the 
vertical diameter decreased, and the horizontal diameter increased. 
tightening the steel tie-rods the tube rings may be returned to their original 
- form, Equation (31) gives the value of the maximum bending moment in 
the circular tunnel tube without tie-rods. This bending moment may occur: 
= at the crown, at the invert, or at the haunch section as stated by Mr. Brodie, 
It is to be regretted that Mr. Brodie did not give sufficient information to 
s permit one to check Equation (31) . The need for a more determinate method 
i computing bending moments at desired sections i is_self- evident. ‘The 
redundant force, Ho, and the bending moment, Mo, at the elastic center of 
‘= tunnel tube without tie-rods may be computed by Equations (25) and 
(26), respectively. ‘The bending moment, M M,, at any point on n the tube 


without tie- rods, by Equation (16), iss 
bem = — M y+ Mo. Juang (43) 


The maximum bending moment may be determined. algebraically by 
_ Equation (43), with the external loading expressed by | a continuous function : 
we or by plotting a force polygon. In practice, however, , with a few trial com 


putations, the maximum bending moment in be determined 


_A method of computing stresses in tunnel tubes without tie 
i rods,!° ' has recently been advanced by M. Alfano, who assumes the origin 
ré . of the co-ordinates at the invert instead of that at the center of the tube, 
. However, he failed to show : any advantages in computing stresses with the 
"origin of co-ordinates selected in this manner, 


Annales des Ponts et Chaussees, February, 1937, p. 197. 
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4 Wirn Discussion By Messrs. A. J, MoGaw, L. E. Grinter, W. Srewarr, 
java Bertwert, Davo B. Hatt, 


The method for finding is by geometry, 
than by the law of conservation of “energy or the principle of least work. The = a 
few simple rules that are necessary in a geometrical analysis are given in . this 
_-paper, and are illustrated by developing methods for calculating fecal 
lines for ‘such structures as arches, and deflections i in trusses. ot 


: _ For the engineer who is constantly dealing with stresses, but meets only a 


3 oceasionally with deflections or statically indeterminate | structures, the , methods a 
- calculating deflections in terms of imaginary forces are of great ensistance. 


| enable him to make computations with a ‘minimum knowledge of the 


that of least work, or of elastic weights, tend to stand in the way of acquir- 


simple illustration will show real inward nature of the 


Problem 2—Determine the Se, in Fig. 2, —From 
Similar triangles it is evident that8 = 


ae bye 


Nore.—Published in 1936, 
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f 
Statics—The solution is evidently to take moments about the support; whence 
+9 10 Ft a 
— 
—— 


3 49 
AS Force, X, Fig. 1, in Some Manner Other “a 
- tt Statics.—If the force of 1 lb is balanced by the unknown force, X, and 
ae _ the lever is rotated slightly, | one side will gain, and the other side will lose, 
energy. gy. According to the law of conservation of energy, these two changes must 


a, be equal. Therefore, continuing from the solution of Problem 2, X¥ x 0.5 in 


Problem: 4.—Determine the Deflection 3, Fig. 2, in Some Manner Other 
_ Than by Geometry.—Once more using the law of conservation of energy, apply 
Ee gp a force on the left end and find by statics the force on the right t end to to. es 


- balance it; then find how far the first force must move to balance the ¢ energy 


_ gained or lost by the second force in moving 1 in. This distance will be 0.5in §  __ 
Comment: —In the > foregoing group of problems it is quite obvious that 4 
the simplest ‘solution of the mechanics problem i is by ‘mechanics and the 
simplest solution of the geometrical problem is by geometry. The 
presented in Problem 4, however, is often referred as the fundamental 


method of solvi ing ‘It is none other than the method of 
work. By the more usual method of presentation, the force corresponding — 
- to that on the ‘right side of the lever would be furnished by elastic members, — 
and, therefore, both it and ‘the force on the left would be functions of the 
deflections and the energy would be determined by integral calculus, although » 


3s. 


‘group of problems” suggests one constructive idea, however: When a 
pew methede for applying the geometry of deflections are being sought, there one 
fe will usually | be similar familiar methods for solving corresponding mechanics de 
problems, to serve, not as s substitutes, but as 8 guides. Fd 

se __ Probably the most important theorem of the geometry of deflections i is one th 


‘ very resemblance to the principle of moments : 


Theorem 1.—If a a body ro rotates about a point through an infinitesimal angle 
(in ordinary structures all deflections are treated as infinitesimal quantities), ' 


“a the component in any direction of the movement of any point in the body is — 
_ proportional to the perpendicular distance from the line of that Compe 


‘to the center of rotation. 

_ ‘The proof of Theorem 1 is quite simple. In Fig. 3 it will be | seen, in ie j be 
Py place, that the actual ‘motion of a ‘point such as A is at right ‘angles ‘ is 


=a 


to its length. (The motion 18 is 


numerically equal to OA xX a) If 
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DEFLECTIONS: | BY ‘GEOMETRY 


any is to its horizontal distance from the center of rota- 
- tion, and the horizontal displacement is proportional to its vertical pate 
hire 


of ‘beam to investigate isa the 
in 4 


«FIG. 4.—DEFLECTION OF tie Fic. 5.—DEFLDCTION OF A 


- 


tion of the beam to bend an a. (This angle can calculated 

. the well known formula, a = - -, in which dL is the _ th of the wee 


tion considered ; M is the moment; EF, the modulus of dlastictiy and I, the = 
moment of inertia.) Then Theorem 2 can be applied directly to determine cae 
the deflection at the oud contributed by tI this part. of the beam. The vertices : 


deflection is za, or the horizontal deflection is - 


the complete deflection, it is necessary to add the contributions from each pert = 
of the beam, integrating by calculus if possible, or ‘by dividing the beam into AN og 
ba number of sections and treating the average properties of each section. er SS 
= To find the moments in a cantilever it is only necessary to multiply the grr. a 
7 Toads and their lever arms. To find the moments in a . simple beam an addi- 
- enal step is required: (1) Take moments about one support and find one 
-Teaction ; and (2) find the moment caused by this ‘reaction. Similarly, an 
“extra step is required i in finding deflections in a simple beam. The “process 


bt illustrated in Fig. 5. Bending through an angle, a , at Point £ . 


would produce an upward deflection, ac a, at the right end if the left part were b 
held fast. If the beam were then rotated as a whole until the right end rested Fe = 
on its support, the beam would assume the position which it actually does — = 


ome, and the proportionate deflection at Point B would be —aa. sift 
i % both of the foregoing examples, it will be discovered that the coefficient 
_ —— is identical ‘to the moment, m, which a unit load applied where the oa 
‘dlection is measured would produce at the point that i is bending. This: again 
‘illustrates the connection between ‘the methods of Problems 2 and 4, and a 
forms the basis of the dummy load formula: 
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There are two general methods termining deflections : The 


tions at all the division points of an irregular beam such as an arch. In order 
to have ‘something | definite and ¢ clear cut upon which to perform the various 
operations that are involved, the nies should be visualized in the following 


- 1—Cut the beam into ) divisions as indicated by the dotted lines in Fig. 
* (The dotted lines are necessary for the explanation but are not ‘essential i in ; 
%—Set a point middle of each division. When the beam i is sub 4 
- jected to bending the faces of Division 4, say, are turned through a certain a 


» This , in wl ‘hich dL i is the of division. 

same in each of the other divisions. di ood 

8.—Instead of considering the divisions curved by the ‘moments, the beam 

*,. assumed to consist of a series of straight lines from ‘point ity point. and 
- the bending to consist of a change in the angles at the joints in these lines, 
With the beam thus articulated it is a ‘simple matter to visualize any _opera- 


i lah 
is illustrated 
Fig, +The ‘Process is is same for a a curved beam. straight | beam 


4 gi call 


— 


— 


was illustrated to avoid confusing the reader with two. sets of angles. ‘For oy 
any other beam than a cantilever the best method is to determine the rota- ‘ 
= tion. at some ‘point first and then - proceed from there to sum up the angles at 
the joints. For a symmetrical simple beam, symmetrically loaded, this is 
= be accomplished by starting at the center where the | slope is zero. It may e 
noted that the point of initial slope a nd the point of zero. deflection do not 
? “ ae to be the same; the first summation can proceed in one direction, and 
“gi Influence Lines for Arches. —Calculation of the influence line for the 
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i a =r a thrust in a symmetrical two-hinged arch (see Fig. 8) 1s a good illustra ee | 
i . Instead of placing a unit load at successive pomts | 


2 


find the displacement of the deflections of points along 
Fe arch due to a unit thrust at the hinges n may be calculated, since by the 
of reciprocal. ‘displacements both are alike, In Table | 1 ‘it will be 


8 


‘meted that the lines are double-spaced. Entries opposite the s refer 
- jn some manner to the individual points (co-ordinates, angles, etc.), whereas 
entries between points s refer the lines joining them increments 


TABLE 1.—Inrtvence Line ror Two-Hincep Arcu (Sze Fic. 8) 


actors, 
> Column Column (10) 


3.96 62.1 | 
3.00 27.0 | 17. 
2. 14 


20.0 
| 
1.83 | 6.13 | 20.1 | 


ete.). For equal — is proportional to — 


in which ‘tis the thickness of the section. For a ‘unit M=¥y 
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9 | 41/026] A 331.6 0.210 — 
> | 18.14 | 67.7 
wr) 1.88 | 6.64 | 19.7 | $8.5) 2.96) 
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is equivalent The displac 
is equal to S , and the influence line is obtained by dividing the deflec- 


| 
tions unit loads by this displacement. = | 
As these o operations become more familiar, increasingly « difficult ‘problems 


can be solved. For example, apply a horizontal force of 1 lb at Point 0, 
in Fig. 9. The moment at any point, P, will be 1 Ib X y, and the movement — 
at at Point oO will y* dL horizontally, , and , vertically. Simi- 
larly, a ne force of 1 Ib will produce a vertical movement of “SS 


and a horizontal movement of SS 


Mer 


- eause a horizontal deflection of one unit and no vertical PR q 
for this condition, and a unit ane as 


. 


5° 


+ 
B=2@@) 
Furthermore, it is not difficult | to compute the moments and, in turn, the 
deflections | at a succession of points along 1 the structure due to these forces — 
at Point O. These deflections constitute the influence line for the horizontal 
b= - reaction at Point Oina structure fixed at Point A vat 9) and hinged at 
Point because the foregoing pro 


the Beggs mechanical method for influence 


om 


This principle will illustrated by t the calculation of the constants for 
eam 
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"i ig. way is “fixed and the left end is rotated through a unit angle, the 
- resulting end moments can be called stiffness factors. The moment at End 4 
will be denoted as K,;t the ‘moment End will as Ew 


10 


— 13@352= 45.76 — 
since it will be found that the doers -end moment for either end, when the 
opposite end i is s rotated, is the same). - Similarly, if End A is fixed and End B 
i given a unit rotation, the moment at End B will be as. a 
time a the moment distribution method, K, and Ky are the usual stiffness 
factors, and and 442 are the carry-over factors. the slope deflection _ 


a 


= — R) + Kan (04 — RB) + 


in in which C4, and Cn are fixed obese moments, the signs being algebraic. ‘eo 
5 The method of obtaining | the foregoing K-factors is as follows: The clock- 
‘Wise Totation mm of End in the beam in Fie. 10(0) is equal the 
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DEFLECTIONS BY GEOMETRY 


t B, and 


|For a unit moment at Poin Poa is the same 


Mas Pas 


es typical beam is shown in Fig. 10(c), and the evaluation of these constants — 
for this beam is contained in Table 2. It will be. noticed thet multiplying or or 


TABLE 2.—EvaLvation OF FOR AN Beam 


give 


Gu: 


—— 


factor, | Values | of 13a | Values Column (1) | 


| | — | (13 — 130): 


by ig 


0.078 


.018 
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Fit 


dividing at strategic points by of divisions (13) facilitates th the 


numerical work. Referring to the summation of Table 2 
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ces eee 


— 
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— 
— * 
ea q ie to make the rotation at Point A equal to unity and the rotation at PointB § 
— 

— 
— 
“mol 
def 
g 
P 
— 
i 

— 

| | 868] 22 65 | 10.51 

8 | 1.311 | 2 | 40 | 64 32.78 «52.44 
10 354 | 30 | 100 
| 0 | 16 | 0.0 | 0.0 
an 
2 


= at (5) and (7) = 162 541 
Column (6) ‘squared = 109 892 


= 1. 31588 Ay 


the equivalent of the toma method for finding the fixed-beam end 
_ moments. F To obtain actual numerical values for the moment at Point A, the 


deflections: must be determined while | End A is rotated through a unit angle 


Computation or Fixep-Bram Mom 


Values of | Values of | Values of 
dL (from | (from (from 
a Point B) | Point A) | Point A) 


3.5196 
4.6319 
3.4409 


| 1744 

1.7257 

—1.4462 


2145 
—3.8473 


7; 
—0.0674 —4.4800 


and End B is held fixed, ‘exactly the e same as ina mechanical model. _ Referring 
to Fig. 10(a), it is evident that this condition can be realized by applying : at 
the _ moment, nes et, 31588), the 


het 
— 
By — 
— 
—. 
ix 
— 
4) 
4 
— 
10.307 |} —0.0508 | —0.0038 | 
0.7654} 1.4129} — 2.6576) 
9.1209 0.2077 | 1.4832 | 5 7 
1.8m | 0.5235 | 0.6863 Lion -0.2425 pee — 
heck) q — 
| 
the nsist of multiplying 


the various slopes by aL ‘(see Fig. D, it will save work to és this in oa 
by using the » moments, K, X X 3.52 52 = = 4.6319, and Sie s X 3.52 2= 3.7456. The 
moments along the beam vary between these two tale by thirteen equal, 
increments, that t they are very easily tabulated (see Column (: (2), 3). 
Multiplying | by gives the angle at each joint ; one, summation | 
gives the slope each section (note that the slope at End A equals 3.52 as 
- check); and the second summation gives the ordinates of the influence “7 
A similar operation gives the same data for End B (Columns tej be @), 
‘The The values of the moment increments are: 


‘For 


= 0. 644423 = 0.682788 
‘This same method is well to calculating: influence lines for fixed 
arches, especially if the redundants are taken at the elastic center of the arch. 
has been used tae unsymmetrical two-span arches, such as t those 
illustrated in Fig. 11(a). Th this case the statically ‘determinate base system 


= 
4 


— ~ 


Bs on deflection unity and the other two deflections, oom and through ¢ each 


of these stages a record was kept of the rotation of the top of the center pier, ; of 
_ to serve as a starting point for ‘summing up the —_—: in direction from @ 


pee 


me 


de The geometry of trusses, if anything, is even ‘simpler than the geometry = 

beams, ome a few definite members take the place of ‘changing 
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‘DEFLECTIONS BY GEOMETRY 


on 
a From the law of conservation of energy, it will be observed 
that the relation between displacements is the “reciprocal of the relation 
between forces, since the product of forces and displacements must be constant. 
The relation of forces at a joint can be 2 represented by a force triangle « or < 
polygon, and the relation between displacements, therefore, automatically _— 
This is the ‘Teason that Williot diagrams a are inherently more compli- 
cated than si stress diagrams. 2 For this same reason the dummy load method — 
cexpedites | deflection 1 calculations for s single joints or panels, 
For complete truss deflections it is preferable to deal with rotations, just 
r a majority of stress ealeulations are 1 made » by moments. = Most | of the condi- | 
‘tions that can ari rise, are illustrated by Fig. 12. Consider: the deflection at 


‘OF A Cantitever 
rene 
Point A due to in of Member CD. The of the 


~ bounded by pale’ d, D, F, and f will remain fixed in place. _ The part bounded ~ ; 

_ by Points d, C, A, and b will rotate as a unit about Point d. The extent of 
this rotation is the stretch of Member CD divided by the pe perpendicular dis- 
tance from C'D to Point d, and the vertical movement of Point A (or any other — 
- point on the moving part of the truss) is equal to this rotation n times the hori- 
zontal distance to Point d. it the member, dZ, stretches, the polygon, dDAb, Bod 
wil rotate about Point 0. _ This motion can also be treated as a combined 
translation and rotation about Point D ) or or Point E, expressed entirely in terms 


a change in of Member ca, the rectangle, is distorted — 


Engineering News-Record, November i, ,1 34, Pp. and Transactions, Am. Soc. 
(1937), p. 206. 
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movement is equal to the change of length of Member Cd (AL) 
— 


le dDC, and 


- a4 The actual systematic computation of the deflection of a simple truss j is 


ven in Fig. 18 with Table 4. In niet - the upper values denote changes 


2 


7.650 
5 Panels @ 40 Ft= 200 Ft 


Fie. 13. —DBFLECTION OF A Truss. 


¢ A L for 


fy © 6.617 | 0.033 oO 6. if 


(e) 10.472 | 0.033 10. 505 


0.330 0.242 


4 of solving this problem, based on single, instead 
of doula, has been elsewhere® by the writer. 2a, 


gate 
Only a few specific ‘applications | of the theory of determining deflections 
Ps by geometry have been presented herein. However, what the writer particu- 


+ —— Tarly wishes to emphasize i is that a familiarity with the basic rules, comparable “d 
with the average - engineer's familiarity with forces and moments, will 1 make 4 


it possible to improvise methods for solving problems which formerly appeared — 


_ Engineering News-Record, June 7, 1934, ip. 746; and Transactions, Am. Soc. C. 
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Oe. Pf wer values denote the factor, — AL, for chords and | e! 
fl n a simple truss of this type no algebraic signs are § 
required since the deformations of all members contribute to downward defle- § 
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pEPLRCTIONS BY GEOMETRY 2 
For any ‘one who is interested in acquiring senate in this ‘method, a 


few suggested exercises are as follows: 


In a a three-hinged arch, write the formula for at some 
Bes on one side due to an angle at some point on the other side. This 
involves one more e operation than a simple beam, just as the simple beam 
requires ‘one more e operation than a cantilever. 
(2) Devise a method for calculating the dead load sncimeine ian! a two- 
~ hinged arch such as in Fig. 8. Then, find what the dead load moments will he a 
be if the base is fixed, not by beginning ov over again, but : simply by finding the 
rotation of the base of the two- hinged arch and then eliminating it, using data - 
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ad A. J. McGaw,‘ Jun. Am. Soc. C. E. (by letter).—The author has focused 
«* 4 much needed attention upon the principles of geometry as they affect ‘struc. 
tural action. Although equally accurate results. may be obtained by the 
methods embracing the law of conservation of energy and the principles of 
least work, and although these methods are in many instances desirable ag 
analytical procedures, they do side-track the geometry involved, which is so 
essential to complete understanding of the subject of indeterminacy. Asa 
teaching to tool, at least, the geometric method hi has much in its favor. - The phys- 
Bop conception of structural deformation and the part played by geometry 
1 must, of necessity, go hand in hand. The formula-minded analyst, in many 
.. eases, fails to see his structure act. . It is probably safe to state that analyses 


made under such conditions are dangerously likely to contain error. Thee 
is little | to fear from the designer who can sketch the structure at hand i in pe 


a 


through the of geometric principles, may be 
extended advantageously ‘to include Maxwell’s law of reciprocal deflections. 
Surely, any haziness in one’s mind concerning the truth and logic of this 
- fundamental and much used tool will prevent, to a considerable | extent, real 
mastery of the subject of indeterminacy. With this | in mind, the writer has 
_ adapted the reasoning iain the author to to evolve a proof of Maxwell’s — 
‘the paper, the beam, AB, in Fig. 14(a) has been — rigid, 
except at Point G. Due to the unit load at Point D, the moment, Mo, at 
a Point G, ‘has produced a rotation : at that — through the angle, ap, equal to: +15 


is proportional to M. 


a 


oF Furthermore, the ordinate, BF, in Fig. 14, equals, 


Bed 
and the deflection at Point E equals: 
> 


of Civ. Coll of — Cate. of Wyoming, ‘Laramie, Wyo. 


wa 


— | 

= 

— 

| 

7 

— 

— 

d 

| 

‘a 

: 

— 

— 

= 


MC oN DEFLECTIONS BY GEOMETRY 


ak 


= gb bine, 


thy 


AL 
a 


a> 
Comparing Equations (20) and (23), 32 = 8p, which shows that the deflee- 


th That the vertical ‘deflection at Point caused by a unit 
Point A (Fig. 15(a)) is equal to the rotation at Point A caused by a unit ye 


load at Point D (Fig 15(b)) “may be shown in a similar manner. A unit — 


Page 


Similarly, the deflection at P vith a unit load at Point E, 
— 
the 
of 
— 
ich 
my — 
ere 
= 
be 
ii 
el 
has 
toa unit load at Point Z. The flexure effects for all points along the beam ; 
id, oe be summed up to obtain the total deflections. This is not necessary 7 7 a. ee 
to 
| 
a 
% 
20) olautbat of 7 


oa GRINTER ON DEFLECTIONS BY GEOMETRY 7 


forthe shown in ie 150). Then: Ho va b 
and since Ordinate BF = a, a, 
* 
‘The vertical deflection at Point D, Fig. 15(a), 


The moment, ss ih Point G (Fig. 40), due tos a , anit t load at Point Dd, 


‘since ay = K Moy it follows tha 


he 


Geic 


Again, Ordinate BF = = a, therefore: 
Comparing Equations: (26) and (29), = bo, », Which shows ‘that a 


tion at Point A caused by a unit load at Point D equals the deflection at 


5’ M. Am. Soc. C. E. (by letter).—The determination 


of deflections by | ‘structural geometry, ‘as described in this p: paper, will serve 
as ‘an excellent antidote for the attitude among undergraduate and grad 
uate: students of structures that the subject of deflections must be treated 
in. a rather “high- brow” manner. The author has discussed a large | group e 
_ problems with little more theory than that involved in a discussion of the sub- 
ject of radian measure. , With this paper, the terms, “structural geometry”, £3 
4 “geometry of structures’ or or “ “geometry of deflection”, “some out 


open”, without becoming camouflaged by association with the dozen or more 

of deflection computation that are in use. 

For some e years the writer has been t using the term, “structural geometry”, — 

to indicate such geometric relationships as those involved in the sketches of 
| “Fig. 16, which seem to be encompassed by the author’s term, “geometry i 

of deflection.” _ These relationships are so simple that they follow almost — 


ij 


a... Director r of Civ. B Eng., and Dean, Graduate Div., Armour | a of f Technology, Chicago, a 
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"without weit and for this reason they form a proper introduction to » the study 


of deflections. Furthermore, they involve no abstruse conceptions, such as 


the use of a “dummy” load, or the imaginary application of an — -loa ing. yo 


zs For the undergraduate stude nt, or the sub- professional engineering employee, 


these geometric relationships are the proper starting point in a study of ; . 
- deflections. This, it seems, is also the author’s belief. Textbooks on ‘the 


of materials should emphasize ‘such applications of ‘structural geom-— 


— 
" M 

vba RELATIVE DEFLECTIONS INTERNAL DISTORTION 


“authors « of standard textbooks — ive always reversed this emphasis is one reason _ 7 
” why undergraduate students, and even engineering graduates, often face = 
or the practice of indeterminate structural analysis and with = 


On the other von there is much to be said for the methods of virtual 


{ 
the Williot- Mohr Each of these in certain of its forms, 
2 offers a semi-automatic procedure of deflection computation, a very sats 


feature where the process is to be repeated over and over as in . the analysis 
- certain indeterminate structures. Furthermore, - the method of virtual 
work, for example, can be used not only to find a deflection caused by flexure, 
= but one caused by shear, torsion, or direct stress. Iti is also quite as applicable ~ 
to the determination of rotations caused by any internal distortion. ‘The 
author’s conceptions of “geometry” are scarcely so extensive. For 


fixed in pike student’s mind in his undergraduate courses, the writer feels that 
_ the student should become familiar with each of the aforementioned methods. _ 
He should also learn that Castigliano’s theorem is simply a reversed statement — 

virtual work (that is, order of differentiation and integra- 


tion of an — - loading revised for application t to trusses. 


moment weights, loads, | etc., are all names for the same 
& 


4 * other jai the most useful tool of deflection computation for the 


beginner is that method which i is most nearly physical or visual; 


by, the method that will be most useful to the experienced engineer may well a 
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that which ‘requires the least tends to 

most nearly automatic in its application. _ Here, therefore, is a conflict that 

_ will always appear. It explains why such intangible methods as virtual work : 
and the conjugate beam are” so widely useful and so widely used. 
methods are difficult to learn but easy to apply. When properly presented, 
the Williot- Mohr diagram can be shown to be | both visual and semi- auto- 

matic. ‘The suthor has presented 1 the geometrical “method ‘as a very si 

visual procedure. — To interest the practical engineer, he should also emphasize — 


possibilities for semi-automatic computations, such those 


Raven ~W.. M. Am. Soc. C. E. (by letter). 
ne sound conventional methods, the author has presented an able introdue 
8 tion to his theme and has carried the work outlined to a successful conclusion, 
The only weakness which the writer is able to discover is that a part of 
the analysis could have been made more geometrical and less laborious 
To illustrate this po point the author’ statements. regarding rota- 
will be expended and then ptiffnesy factors and other 


Fig, 10, be dovelepel in 

q 


which will substantially reduce 


~ Ai 


Fig. 17 represents: the application — 
and 2, illustrated by ‘Fig. 3, 
_ reference to a specific ‘cantilever beam 


and some connecting ‘members, rather 
with» reference to an abstract 
point, which is not tied in to any 
fa CDEP, is free except for its integral 
with the beam at Point 
It may be conceived that Sides 
and DC pass through slots, ja 
~ all If now, a load, P, i is spplied, cither over Point B, or at any point on 
_ the beam, a cantilever moment will be | created. _ Regardless as to whether the 


beam section and its of are constant or variable, the 


of this —- ‘is projected “upon axis of the beam 
ite ' Engr. of of Bridge and Structural Design, City of Los Angeles, Los Angeles, Calif. 
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and all points of the frame occur. This the dee of rotetion is 


fixed point independent of the magnitude of the load. Its location, for any 

beam, can be determined by computing» the M diagram po ed 


or a trial moment when the real load or the real moment is known : as to 


position, b but not as to amount. tae rotation, expressed as an angle, is” 


In Fig. 17 the rotation is 3 represented | by the angle, A, and the move- _ 
ment of each lettered point on the frame is indicated by the primed letters. 
The formulas for the movement of each point are correctly stated by the 3 
author. A beam having two. end moments will» have two such centers” of 
5 rotation, which, if beam end slopes, will | be on 
slope lines instead of the unsprung axis; 
paper explaining 1 the geometrical methods: of analyzing the flex 
of continuous structures by means of a series of lines connecting these _ 


TABLE 5.—CompuraTION OF THE CONSTANT FOR THE IN 10 


i 


Moment, ¢ {Moment of 


(3) Point * ay Column (3) Moment 


2.736 
15.102 


2.856 | 
3.668 
2.928 
1.900 
0.844 


n an analysis such as that of the oo | beam (Fig. 10), it is better 
- to find these centers of rotation and the ratio between an end moment and 
corresponding angle of rotation and subsequently to "treat the flexure 
in the span due to each end moment as a single item rather than as a 
‘Series of small items each resulting from ‘the curvature — of a separate — 
increment, dl. This permits the mechanics of. the problem to be trans- 
formed into a nee form of geometry and also reduces the number of 


To ‘compute the ‘constant for ‘the ‘beam 10 apply a pial 


ra 


— each division length as unity instead of 3.52, is a summation of Bs 


poe oe Analysis of Continuous ctrostares by Traversing the Elastic Curves”, by 
alph W. Stewart, Transactions, Am. Soc. , Vol. (193 
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ON DEFLECTIONS BY ‘GEOMETRY 


Columns except that "before adding, the top and bottom items 


divided by they to only one-half as much length as the others, 


To get pa ‘position of the center gravity of the —-area the moment 

of each about Point B is computed as in Columns 
“4 (8) stil still taking the da lengths as unity instead of their lengths. 


The relative distance to the center of gravity of the — -area is now 


the summation, Columns (3) divided by the (2); 


thus (see 7. 06. If ‘this, actual "distance, is desired, 


multiply the ‘relative distance by 8.52, the division 
computation is 1 made for a trial moment of 18 at Point B with Point A 
hinged, or by utilizing Maxwell’s theorem of reciprocal ‘deflections, the 
7 computation for the center of rotation for a moment at B can be made 
is trial- end moment of 13 at Point A gives — -area 
mgths | Point 


wo 


proportion from the the traverse 


Divisions 


constan 


similar to 10 (a), ‘except that they are 


completed to show the ceriters of rotation which correspond “to Point Y 
in Fig. orA in Fig. Fig. 18 shows a rotation of unity at “Point A. 
_ The other angles are evaluated from ‘the fact that in the traverse triangle a 
_ the angles are proportional to the opposite sides. _ The moments appurtenant 

‘to the two A- angles bear the ratio to the trial moment of 13 that their 


~~ area for the trial moment of 13. ‘It is now 


4 


with Point B fixed gives 


unit 
& 
— 
— | 
— 
4 it 
— g 
— 
trav 
by | 
— 
Toad 
elin 
and a trial-end moment of 13 at Point B gives an — - area of 16.27 with its 
center of gravity 7.19 division lengths from Point A. _ 
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D5 M = 3. 74, which is the stiffness factor as or ‘the e author; and a 
unit rotation at Point B with Point A fixed gives M, = 4. 53. These agree with fie 
the stiffness factors computed by the author (see, following Table 3). The 
carry-over factors are also taken off these traverse diagrams by dividing Pi 


the moment at the fixed end by that at the rotated end. ere eatin i, 
 ‘Thes saving in _ computation as | compared with Table 2 is more than appears — 
at first glance, because when a slide-r rule is set for an + — - value in Table es ‘ 
it is only necessary to move the runner to the ‘square scale, to extend the — 


to @), since the selection of 13 for the trial “moment 
| 
stiffness and earry- -over factors from these 


traverse diagrams is recommended as being superior to the algebraic s¢ solution 
by means of the Equations (7) to (16), inclusive. 
Att the end of the paper the author ‘suggests some exercises for any one ~ 
- wishing to acquire proficiency in the ‘geometric treatment of deflections. 
‘The last exercise suggested is to devise a method of computing the dead 
load moments in a two- -hinged arch and then find what the dead. load 
oments will be if the structure is transformed into ¢ a fixed arch by 
x ‘diminating the rotation at the base of the two-hinged arch. This ns: ell 


can be made and its solution conveniently in full selecting, 


off “hy 


for the arch, a portal frame with level deck and vertical with 
uniform moment of inertia ‘throughout, and height = length = 


‘Since E and I (or t) they may be ‘omitted 
from the computations. For Condition No. 1 (Fig. 19 (a)), the. arch is 
taken as a simple structure with ‘no restraint, subjected toa uniform 


so complete explanation of the technique of ‘Table 5 may be found in Bulletin No. 
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STEW: N DEF LECTIONS BY ‘GEOMETR 
. The moments are: At ‘the crown, 4 wl’; at the haunch, ‘and at 
column base, 0. The area of the moment diagram 


The spread at the bottom of the columns uals, 


Condition 0. 2 (Fig. the: structure ‘is converted into a a two 


to their original positions: M dLy=A.L+A:(= 


HL L* HL 


a moments in the structure now are the combination of the Gepac 
in Fig. -19(a) with the ‘moments in Fig. 19(b), as follows: At the | crown, 
— at the haunch, — and, at the column 


- base, 0. The rotation at the column > base due to the moments: shown ed 


mw 


Fi . 19 is: — Ay As A= Combining this with the tl 
tion ot + w L’ in Fig. 19(a), ithe. rotation is — - wl’. To 4 
‘the arch into a fixed-base arch, the ‘eolumn base (Fig. 19(0) ¥ a 
made vertical | by rotating it through the angle, 6 w L’, in a clock- 


wise direction and the resulting moments are determined and combined 


with those of Fig. 19(a) and Fig. 19(b). To solve Fig. 19(c), a traverse 
- computation is m made from the top to the bottom = of the column, calling 


rotations positive: — 3A, As = 0. Therefore, As = 


Summing the angles: 3A. — M (at the haunch) = —— = 
(at the column base) = w L?; and the crown moment 
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BERTWELL oN BY GEOMETRY 


Co quantities with the moments in Fig. | 19(a) and 
Fig. 19(6), the respective moments for the fixed arch are as follows: Crown 


— = — w and, moment at the column base, —— 


Ties: The foregoing analysis carries the structure progressively, by a geometric « 

a treatment of its deflections, - ‘through the three conditions of free base, a 

hinged base, and fixed base, 


Except for the parts which fail to utilize fully the “geometrical proper- f 


ties of flexure (notably the part relating to the constants for ‘a variable 
beam), the paper merits S218 =. ‘A 


Bertwet,® Assoc. M Soc. E. (by letter). —Being 
- simple and explicit, this valuable paper is easy to follow. An actual trial 
of the geometric method should convince most engineers that usual 


_ textbook treatment of many problems (particularly arch’ analysis) is cum- 


? 


— 


“bersome and difficult to remember. The author is to be congratulated 
for his careful development of the fundamental conceptions as well as. for 
3) | The virtues of the geometric attack are especially apparent in dealing 
“a with: trusses, as Mr. Hall shows. Although it is equally convenient to 
nt Ap onew the deflections of flexural sections by geometry, i in this case the 


geometric method is also, essentially, the method of elastic weights, | ‘since 
_ the elastic weight of an element of an elastic rib may be defined as the 
distortion caused by the application of a unit moment couple to 
the 1 method ‘of elastic weights has - 


minds of many and, hence, it may be the adoption 
of such a term as “geometric method” desirable. 
For For some time the writer has been using the double summation pro- 
- cedure for the calculation of influence lines for the redundants of a » fixed 
arch, and has found this process to be simpler and shorter than any 


ich unless one use ses a definite mathematical arch such as that developed 


by Charles S. Whitney, M. Am. Soc. C. iE” = For designers who take 
rib-shortening into account in arch design, it might be explained that — 
effect may be included quite simply in the geometric method. 
example, in Table 1, the elastic shortenings of the elements are to be 


ponents will pele asi corrections to the vertical deflections at the division 
P points, and the total of the horizontal components gives the correction to the 
horizontal movement of the hinge point. 

off * Regional Office, U. S. Bureau of Public Roads, San Francisco, Calif. | 
Am. Soc. C. E. Vol. 88 (1925), p. 931. 
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BERTWELL ON DEFLECTIONS BY GEOMETRY 


but thie ovals may be reached with ‘equal facility by “adhering: 


general method— —the “mathematical equivalent of mechanical 


AR 


method. In this case, the analysis may be made by removing one sup 
- port, fixing the other, er, and then applying a unit moment and a a vertical 
force at the free end such that the total deflection of that end is “et0, 
_ The problem is easily visualized in this manner, and one needs no formulas 


Tyas 


for the evaluation of the constants of the | ‘moment- -distribution 1 method; 
it is only necessary to remember their definitions. This process is 


_ exemplified in Table 6 by an analysis for one end of the “unsymmetrical 


~ beam used by the author. G Table 6, in addition to the notation of the 


The author's division of ‘the beam into twelve 

sections draws attention to. a common inaccuracy which can be | 


extremely accurate “results because of the 8 many 
8 such as the ‘magnitude of the live’ load and impact forces, the degree of | 
elasticity of reinforced concrete members, and the effect of ‘Teinforcing — 

— steel in such members. __ Nevertheless, it is apparent that the results “sought 
are the angular | of the « element and the deflection of one end 
from the tangent at the other. — The first is the product of the: ‘moment = 
and the elastic weight, and the second is the product of the angular 


the distance from of rotation to 


polygon the division ‘points between the beam (11) 
= of Table 6 takes account of this, and it is apparent that } the extra labor — 
wi In Column (18), Table 6 , are values obtained from an analytical ae 4 
tion” of the same beam, taking into account all refinements except shear 
- distortion and the curvature of the top ‘and bottom of the beam between 
= division points. If these values are considered comparatively exact, the 
error of the writer’s approximate solution is only about one-half as 

as that which results from using the points at the | centers of the dle 
; ie error of the author’ s solution is small, however, and this may 

attributed to his having used rather short divisions of the beam. 
= ” Tt may be well to explain the refinements used in obtaining the “exact” Fh 
values in Column (13), Table 6. Consider the fundamental elastic prop- ae 

4 erties of a trapezoidal element. Tt may be shown ‘that the center 


q rather ‘than at ‘the mid- “Point the parallel bases. 
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true elastic weight of the element is measured by the sum of the tw 
parallel bases divided by the square of their product, rather than by 
the reciprocal of the cube of the depth at the mid-point. For example, if the 
; larger base is 1.25 times the smaller, and the computations are made 
in the ordinary» manner, the error in the location of the elastic center ¢ of 
the element is 5.55% of the length of the element, and the error in the 
value of the elastic weight is 2.46 per cent. The ratio of 1.25 — 


the bases is not uncommon, and is slightly exceeded in the author’s - example, 
The problem is still further complicated because the instantaneous center 
of rotation developed in each element by the vertical force at the end 
is not at the center of gravity of the infinitesimal elastic weights, but at 
the center of gravity of the infinitesimal angle changes caused by the 

‘This shift in the center of ‘rotation, When a shear causes the he mo 
"ment in the element (that is, when the moment is not constant through- i 
out the element), is not usually large except for the one or two elements — 
adjacent to the ‘point where the — force is ‘In the 


er 0.18 ft for Element 1- eh is a pees mater to use the corrett 
elastic weights, but the variations their location would indicate that 
a graphical solution, in which equilibrium polygon corresponds to “the 
- elastic line of the beam, would provide greater accuracy with less labor 
than the analytical solution. _ However, an analytical solution taking all 
these refinements into account is not too lengthy if. a computing machine 
is available. — In fact, in this instance only two more operations would 
necessary to include the effect of shearing distortion. 
Be Haut, 11 Assoc. M. A AM. Soc. C. letter). —In a method 
‘solving problems for which other exist, it is natural 
to inquire into the relative advantages of the proposed method. The writer 
naturally pleased to observe that those who have discussed the paper have 
expressed emphatic, favorable views on this question, finding that the pro 4 
posed method makes the subject of deflections more clearly and easily 
understood. Mr. “McGaw and Professor Grinter, who are both tea eachers, 
have especially stressed its value for beginners on this account. 4 
There appears to be some skepticism, however, , as to the possibilit ot 
this geometrical m ‘method taking its place beside | some of the older methods 
for ordinary routine computations, and also for solving difficult problems. — 
It is the writer’s feeling that such advantages a as the older methods may 
have ‘are no ‘not inherent, but + must represent developments with which the 
mewer method has not “caught up.” After all, any substitute method 
- depends for its existence upon some mathematical ‘relationship, and how 
ever varied its physical interpretations may be, its mathematical operations 
be substantially the same. One tool that Professor Grinter mentions, 
the Williot diagram, reality, should classed one of the most 
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ON DEFLECTIONS BY GEOMETRY 
ry 


mah ke. the method comparable with the _older methods 


de 

he deflections into geometric terms; and in so he has probably made 

law more intelligible to m many readers. Perhaps» it should be noted 


that one additional step is necessary to develop, fully, a formal proof along 


this line, because the law of reciprocal deflections applies to any structure 
nd in which the materials follow Hooke’s law, whereas the foregoing proof is : 
at based on relations that exist only in a statically determinate structure. 
he additional step is merely to trace the effect of adding redundant 
sh- Specifically, consider three points, and C, on a simple beam. 
A redundant support to be a added at Point hen a load ‘is: applied 
ae Point A, the beam will deflect at Point B. i a support is added, the 
141 ~ reaction will be proportional to this deflection. — Finally, this reaction will 
eet produce a deflection at Point C. Since, in the simple beam, the reciprocal 
hat i relation is known to exist between Points A and B, B and (C, and A and 
the 6, all the factors, multiplied together to find the deflection at Point a 
= due to a load at Point A, appear in finding the deflection | at Point A due a 
all 7 to a load at Point C. _ Finally, if the principle applies for a structure with © 
2 n redundants, the foregoing proof shows it to apply for @+r d) redundants, ; 


thus completing the proof by mathematical induction. 
A useful geometrical conception, — essential to any comprehensive ony £ 


ment of the subject, is Mr. if Stewart’s method of traversing the elastic | 


a one Although it may take a little time to grasp this method fully, the z 
speed and simplicity with whieh it may to a wide variety 
make it well worth mastering, 
i In presenting two alternative s oa for the unsymmetrical beam 
- e. Fig. 10(c), Mr. Stewart and Mr. Bertwell have illustrated, effectively, 
si ce the readiness with which solutions may be improvised by these methods— 
weg i in contrast, . for instance, to the necessity for following, faithfully and 


blindly, some of the older standardized forms for arch computations. 
In the second half of his discussion Mr. Bertwell has made a number 
observations pertaining an intriguing branch of 
proximate integration. In its elementary form is the problem of 
constructing a polygon to take the place of a curve (as in a 
-@ample), and determining the location of - the polygon with respect to the 2.4 
; curve. In Fig. 7, this polygon consists of a series of tangents to the curve. __ 
Ih such a case Mr. Bertwell’s Proposal to use interpolated values, which 


at the points of tangency of the polygon and curve, is sound. 


-tltemative refinement, used at one time by the writer, was to make <> 

_‘Neetions at the vertices of the polygon in the same manner » that the middle 

offset of a vertical curve is. computed. This correction is ta dz. Thus, 

ia Table 1, the correction at Point 10 would be 4X 2.96 X44=1. 6; and 

tf correct deflection would be, 420. 6 —16= 419.0. — 
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DEFLECTIONS BY GEOMETRY. 
ats The 10(c) and in Tables 2 and 3, however, pre- 
sents the following entirely different approach, which Mr. Bertwell failed to 
. recognize. ‘If. a curve is drawn and marked off at equal intervals, and a 
of polygon is then drawn consisting of a series of chords joining these points, 
- then the angle at any vertex of the polygon will be the product of the 
‘aan in its vicinity and the length of one interval; and the = 
between the last chord and the end tangent will be one-half the product 
of the curvature there and the length of an interval. In this manner ‘the 
desired results were obtained directly with no extra operations. 
It is believed that further refinements, 
a be developed more easily in the direction of integration | by Simpson’s rule, 
than along the lines described by Mr. Bertwell. | 
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The most important part of the analysis < ions deals with the 
sett settlement of structures due to the pedieer tori of compressible strata of clay 
and fine saturated silt located at some depth beneath the structure. This — 
involves the practical application of the theory of elasticity in the determina- — 
- tion of the state of stress in the underground. In the present state of knowl-— 7 
edge the ¢ Boussinesq equation for the pressure at a point within the soil mass, 
- due | to a point load ‘concentrated at the . surface, is the logical | basis for this 
a determination. — The practical side of the solution of such problems requires — 
4 more available. A method is | suggested which ‘makes use of the ideas of the 


As study of the discussions of foundation probleme 
% years makes it seem reasonable to divide them into two general classes. — The <i 
first class deals with near- -surface phenomena, involving the behavior 


the soil in the “disturbed zone” close ‘to the individual footings. Bearing F 
capacity is developed by an almost immediate compacting and settling of the | 
- soil | to a ‘stable condition with some late ral displacement, provided th that a cer- 


quite definite loading is not exceeded. The soil may have any ‘moisture 


; content from the dry state to saturation. — ‘The second class deals especially 
with the settlement, over a long period of time, of a structure underlaid 2 
q ’ highly compressible saturated layers. The settlement due to the surface phe- a 
‘The essential requisites for such analyses are the ee of the 


physical properties of the different soil strata and of their behavior under — ie 
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= PRESSURES BENEATH FOUNDATIONS 


picture of the distribution of pressure in the ‘underground due to 
— loads. © _ The theoretical aspects of the stress conditions for the surface prob- 
4 lems, the points of agreement and disagreement, and the results of investiga. 
tions have been discussed very completely by Messrs. J. A Moyer, M. L, 
Enger, A. T. Goldbeck, W. 8. Housel, J. H. Griffith, and A. E. Cummings, — 
Members, Am. . Soe. Cc Dr. Kégler, Dr. Scheidig, Dr. 
Froehlich, and others. Experience has shown that the settlement of fallout 
footings is often considerably less and sometimes more than is indicated by 
extrapolation of small-scale test curves for granular soils. Hence, the impor- — 
tant load-area-settlement relations have yet to be completely defined; likewise, 
the effects of lateral displacement of the soil and of differences of physical 
"properties for full-scale footings a are subject. to further clarification. ver “a 
_ It is well to consider certain questions in order to justify the use oof the 
_ Boussinesq equation, which represents the only means available for the solu- 
i tion of the second class of foundation problems. The major settlement of 
a: structures in this class is due to consolidation of saturated compressible layers, 
which 1 may be | at -consider able depth. comparatively shallow depth 
beneath a footing, two to three times its greatest width, the surface loading, 
>. due to individual footings, loses its isolated character and ‘merges intoa | 
aa single pressure distribution for the structure as a whole. This occurs’ below 
sl the “disturbed zone” as defined by Kégler and Scheidig. Furthermore, the 
Z distribution of the contact pressure, which varies with both the elastic proper: 
ties of the footing and the soil, unimportant. 
Tt is suggested by D. P. Krynine’®, M. Am. Soc. C. E. , that the concentra 
q tion factor, n, in the modified Boussinesq equation’, sll 


of depth, tending a value of 3 as. depth increases; and 
that the differences between theory and the results of investigations are merely 
surface phenomena confined to the disturbed zone. Experience, thus far, seems 
_ to indicate that for finer grained soils possessing considerable cohesion and 
situated at depths at least greater than n two to » three times the greatest width 
of the footing, the soil may behave in accordance with the theory of elasticity; J 
and the Boussinesq equation, for which n = 3, should give pressures in reason: . 
close agreement with the if could be determined in 


be applied in order to obtain the effect of loads. _ Glenna 
Gilboy, Assoc. M. Am. Soc. C. E., has investigated the proper degrees 


subdividing a footing | into units of ‘such size that the loads on each unit may 


be considered a point load as assumed in the -Boussi nesq equation, and has 


__ # Progress Rept., Special Committee on Earths and Foundations, Proceedings, sn 
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PRESSURES ‘BENEATH "FOUNDATIONS 


or the accuracy that may 
detailed analysis of ‘the pressure distribution under a large structure 
becomes exceedingly long and tedious and involves the determination of ie > 


complete picture of the state of stress with respect to the compressible layer. ; bat 
‘The table of Bouin K, of - » for 


placed a useful and valuable tool in the the foundation engineer. 

ee The following method is suggested as a practical simplification of the ee 

cedure for _determining the stresses beneath structure, 
of vertical | cameras on a horizontal plane, mn, at some depth, z, due to a unit 
‘Point load, ‘po, at the surface at Point O, i is | shown by the typical curve in 

‘Big. 1. The intensity of vertical ‘px, at any point (B, Fig. ni 


to a point load concentrated at the surface in the equation, 


a given by the ordinate, ab, to 
= curve may be used 

 eonveniently as an influence 


as by Ss. Timo-— 


at ‘Point A is. given 

by the product of thé ordinate, 
directly over by the load, follows ‘thet the Point A 
7 a series of point loads, i is given by the sum Bt the ordinates directly 


under the point loads, ‘multiplied by P. 


A, at which we pressure is to be ‘computed, bell- shaped surface is 
- formed. _Using this area as an influence surface, the pressure, pz, at Point ees R 


is now given by the volume directly under the uniformly loaded area. As the 
Ks distribution curve is revolved it sweeps out circular segments on the 


area, which are contours of equal pressure. summing the products of the 
of each arc are by its average "pressure intensity and multiplying by 

the footing load (p tons per sq ft), the total pressure at Point A is ee aaa a 
This § is simply a graphical method of integration (see Fig. 2), and is the clue om 


to the method ‘proposed herein. The total pressure at Point A due to each ©  / 


all by 8. Timoshenko, Engineering Societies Monographs, p. 88. 
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4 product of the pressure rep- 


A. 


_Surtac an average ordinate, Ads 

tiplied by Sar, in which ¢ ig sim 

measured to the center of 

ity” of the shaded area, 

_ to du h of ‘hee ‘pre’ 


the 


the Boussinesq equation can be 


it 


feat of pressures due to distributed loads on a foundation, ‘the writer - has con- 
- structed charts fer depths of z = 10, 20, 40, and 80 ft. A sample tabulation — he 


TABLE 1.—Sampie OF ‘Vawes « or A K’ anp THe Decrees or Aro 


pz = 0.001 ror Constructinc Pressure Cuarts 


| Degrees Degrees” Degrees 


.0087 | 96.0 | 0.0009 
82.58 


9 

Bet | | ‘0012 

| 010298 | 13:08 | 0.0082 43.9 ‘0021 | 171.5 
0.0851 | 4:25 | 0.0344 | 10:48 | 0.0008 | 0.0025 | 
0.0807 | 4.46 | 0.0378 | 9.52 | 0.0114 | 31.6 | 0.0030 

0.0737 | 4.88 | 0.0405 | 8.89 |. 0.0120 | 27:9. | 0.0085 | 

0.0654 | 5.51 | 0.0420 | 8.57 | 0.0142 | 25.3 | 0.0039 | 1. 


values of A BK’, which were for the purpose of constructing 

charts, is given in Table 1. It is seen from the foregoing discussion that the 
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A Dz, at Point nh is directly proportional to the | each 
ring swept out in Fig. 2 Each ring, therefore, is subdivided for interpolation 
into such unit lengths of are that the p pressure represented is some convenient 
a as 0.01, 0.02, 0.03 tons per sq ft, etc., and multiples of 10 thereof. The 


construction of a chart of equal vertical pressure intensities is now very 
= For example, A K’ for z = 10 ft and a ring of radii of 6 ft and 7 *. 


that is, Ring No. 7, is equal to 0.0807 ton per sq ft. The degrees of are for ? 
‘pressure intensity of 001 ton sq ft would be, 44.6. 
‘he degree 


= 


= 
--ton per sq waft. The ew curve for 1 p= 0. 01 is one-tenth ‘of the are rc for the 0.01 valite Py 
y on each ring. Hence, having constructed the curves for 0.01, 0.001, 0. 0001, etc, : 
any degree of subdivision may be obtained by a pair of dividers. |The arcs 
¥ fie laid out at the center of each ring - which, for all practical purposes, is 
a the center of gravity of the pressure: on the ring. Such a chart® for z = 10 ft 
eT a unit uniform load, p, of 1 ton per sq ft on each ring, is shown in Fig. 3. 

_ The total pressure at Point A due to a uniformly distributed load of 1 ton } 
per sq ft on & footing of any ‘shape, located anywhere within the range of the © 
chart, is now given by the sum of the : arc 2 intercepts enclosed on the chart 
by the footing. The graphical integration is actually accomplished by revolv- 
ing the footing layout about Point A, so that the reference sides of the footing, 
ab and cd (Fi ig. 3), are brought successively for each r ring to y the base line, ‘AB, 
where the arc intercepts can then be readily interpolated. — ‘The sum of these > 
intercepts, multiplied by the actual loading i in tons per square foot, gives the ° 
total pressure due to the footing. The interpolation between pressure , curves 
on the chart is directly proportional to the length of arc intercepted, and is — 
‘readily made by inspection. 
‘If the p point, A, falls within the loaded area, a SSSR number of complete — - 
2 - tings may be contained within the » area. The pressure due to these rings is a 

| tabulated below the ring numbers. The pressure , due to the remaining area ~ 

3 found in this case by ‘interpolating the intercepts as before. The total 

+ 
if pressure at Point A due to all the footings within the limits of the chart is oe; 
obtained by ‘Tepeating the process for each and summing the effects. This 
‘4 is a simple graphical process and a simple adding machine computation. ao 
foundation plan is made on tracing paper to the ‘same scale as the 
horizontal distances on the chart. Each successive point at which the pressure 
“ is to be determined in the soil, is pinned down at Point A on the proper a 
% for depth. If the foundation plan is regular, these points would be most con- yo A 


‘Yeniently placed on the center line beneath footing. The procedure for 


—*A full set of charts, for s=10, 20, 40, and ft., is included with the closing 4 
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PRESSURES BENEATH FO — 
nal the analysis of foundation pressurés is ee in » Fig 4, “The pressure at 
ge & Point A due to > all footings having. an appreciable influence may now be 
“a obtained by revolving the foundation plan about Point A and summing «fi 

| effects for each footing, successively. An orderly and logical arrangement 0 


ri 
es - the work will materially facilitate the computation. Most layouts have many 


Pressure Contours 


| 


FOUNDATION LAYOUT 


Pressure CHART FoR z==10 Freer 


Footing 


= 


Fic. 4—Procepure For ANALYZING FOUNDATION PRESSURES. HORIZONTAL LINEAR Seca 
1 = 50 FEET; AND PRESSURE ScaLe, 1 INcH=1.0 Ton PER SquaRe Foor, 

symmetrical arrangements of footings as to location, | size, and loading. If 

- these similarities are noted, duplication is avoided and the work is decreased. 

A sample arrangement of some of ‘the duplic: ¢ values to 
fs problem is given in Table 2. . For example, the value obtained for the 

_ Pressure beneath Footing No. 1 due to pressures exerted by Footing No. 2, an 

— multiplied | by 3, takes care of the influence of Footings No. 2, 7, and 19° 

a tie third column. ‘Thus, a set of values indicated by the first and second = 


4 


be ‘columns, when serves to ‘fill out the columns, thus 


Th 


— 

— 

— 

# 

— 

— 

— 

— 


4 giving the the determining the distribution of pressure for 
_ Section c-c at any given ‘elevation, 2. -The sum of all the values found for 


- Footing No. 1 (that is, in the third column complete of Table 2) gives the 
TABLE 2.—TABULATION | or DupPLicaTE For Any ‘Depts 


Due to pres- Is Tae Same as THE Pressure Unver F Foortnas Nos. 

‘The pressure beneath | sures exerted. 


a 


2, 7, and 1 3 = 20 
and 22 
 4and 21 


has 


Me» | 


total pressure be neath F ‘ooting No. 1. Bary value, amultip lied by 3 tons per 
ie Table 2, with a few additional scent serve for Sections aa and 4, 
noting the | symmetry of a arrangement. 
It can also be readily observed which footings have a negligible | effect ie 
~ noting in what zone it lies on each chart with respect to the center point, A 
_— a depth of z = 10 ft, a footing : more than 50 ft away produces a 
negligible pressure because the ies etal pressure contours ‘covered equal only 
~ 0.00001 ton per sq ft, whereas a footing at Point A includes four and one-half — 
rings of 0.08 maximum pressure. F or the example shown footings that 
are ata greater distance from the one considered (Point A), than the follow 
values will not affect the third ‘significant figure, which i is about 


Depth, in fect, Distance, in feet, 
below the ground from any given point 


The diagonal limit of Fig. 3 is at 70: ft. nae 


~ 


au 


| 


gz 


‘| 
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— 
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= 
tm 
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11, 16, 23,and21 | 22 and 10 4 and 23° Total 
re 
dray 
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— 
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= 3 tons per sq ft, are given eS se ON 


a” 
e 


Footing No. 24 


0.0142 


0.0423 
0.0642 

one-half a ight segments. 


ring 0.0424 fe 

Four segments @ 0.0045=| 0.0180 

|. 4 "0.00033 


Total “influence’’ pressures.| 0.2594 


x the total 4 


Total pressure, p =3 tons 


TOG 


_ The pressure distribution on a vertical section through ‘ection 

along the center lines of Footings Nos. 1, 2, _ 3, is shown i in Fig. 4(b). It 
is a simple matter to lay out, by dividers, the distribution of pressure on the 
“horizontal lines, m-n and p-q, which define the limits of the e clay y layers. : In neal 

So the pressure at such depths only as are necessary to determine the dis- ‘ “3 
tribution of pressure w within the clay layer, defined by the planed m- m-n and Po 

teed be determined, as, for example, for | z = 20, 40, and 80 ft. Similar dia- 
grams may be drawn for Sections a-a and b- b. The distribution of the 

‘pressure on any horizontal plane, such as m-n and p-q, may then he easily 
drawn by interpolating cx contours of equal pressure from curves, such as Fig. 4(b), 

for Sections a-a, b-b, and c-c. These contours have been sketched in in 
‘Bg, 4(a). pressures are given in tons per square | foot. When the r rela- 
- tions between pressure and settlement are obtained from consolidation tests, 
“the pressure contours will define curves of settlement. 


Table 4 contains a comparison of values obtained by pressure charts, such — 
a8 Fig. 3, by the area m _ method, and by ‘the ‘Single, 


These Tes ults that the point load method: 4 is considerably: 1 in 
specially close to the footing, whereas the differences between the chart 


— 
‘or 
TABLE 3.—Exampte or THE MEASUREMENT OF Pressure at A Deptu, 
# = 10 Feet, anp 
— 
— 
0.00105 | |} 9:000007 iii 
a 
il 
¥ 
ues 
b 
i 
half 
that 
cat — 
a & 
omg depths of 10, 20, 40, and 80 ft, along the center line of Footing No. 1 (see q a 
lor 


SS 


wi 

tic 


By pressure} applied | at By pressure applied applied at 
arts at twelve single rts at single 


0.1853 | 0.00006 | 0.00007 | 0.00001 om 


0.0544 0.0549 0.0572 | 0.00369 0.00373 | 0.00367 
013 0.0142 0.0143 0.00499 | (0.00518 | 0.00521 


pr 
an 


a * Subdivided area method. — 


aot 
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FOOTING NO. 1 


method and the subdivided area method in general, are small. The saving 
a in time of computation, however, is the important factor. The recent trend 

toward the use of such labor-saving computing charts in all branches of 

engineering is indicated by the number of which have 
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: will prove to be be useful and by saving time and labor w will make ae 


that the field of uncertainties would be narrowed down to other considera- 
tions and the correlation between the behavior of structures and ‘theoretical 


and soil mechanics would indicate e the necessary modifica- 
a The influence- line, graphical integration m other 
te problems for which the stress distribution is ‘easential wherever the equation _ 


may be integrated for circular areas or by the method outlined in Fig. 2 


2 and the discussion im immediately following. 
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KIMBALL ON PRESSURES FOUNDATIONS 


P. Assoc. Am. Soc. E. (by letter).—As long as 
‘Boussinesq ‘equation is used for the deterinination of vertical stresses in 
4 

soil underlying foundations, ac accurate short-cut methods of applying the equa- 
tion to actual problems will be of value. to the soil engineer. In his Paper 
“the author hi has provided such a tool. |The writer has had many occasions 4 

‘compute, by the Boussinesq equation, the stresses under foundations of vari- 
ous types, and after experimenting with the, authors graphical method 
believes that it represents one of the most efficient time-saving devices avail. 
able for the solution of most stress-distribution problems. 

_ To illustrate the application of the method the author has shown the 


analysis of stresses under the centers of individual spread footings , sappentiigs 


a building. x A different type of foundation to which the method is equally — 
is a a single large area, such a as the of a bridge ‘Pier. In this 


the counter of the area. The net ovilament of a bridge p pier r due to the ‘con 
solidation « of the underlying soil 1 must be caused — the average stresses under 4 


1G, 6.—VERTICAL PRESSURES aT 2=10 Freer BENEATH A 
20-Foor By 20-Foor LoapED AREA 
the loaded area rather than | by » the maximum stresses which occur, at least 
ata distance below the loaded area, under the center of the area. “The deter- ‘ 


‘mination of the average stresses at various elevations under the loaded area 


Asst. Prot. of Civ. Eng., Thayer School of Civ. Eng., Dartmouth Coll., Hanover, N. 
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NEL IDOV ON PRESSURES BENEATH 
becomes eucemery: Using the pressure chart for z = 10 ft (Fig. 3) the ea 
a writer has determined the stresses under v various points « of a footing, 20 by 20 ft 
- jn area, uniformly loaded with 1 ton per sq ft. These stresses, together with 
the resulting stress contours, are shown in Fig. 6. From these contours it is 
a simple matter to compute, with satisfactory accuracy, the : average stress 
over the entire area. . In this ‘particular instance the average stress was com- 
oo to be 0.500 ton per sq ft, as compared with the maximum center stress _ 
of 0.696 ton per sq 765.» The difference between | the stress under the center and > 
the orange stress decreases, of course, as the distance below the loaded area 
increases, , and the limit beyond which it is “not necessary to ee the 
average stress can be determined readily by practice. 
An additional short- cut which may be used in certain cases has Senet. ; 
viously suggested’ by the writer, namely, to compute the stress under the 
ee center as under the center of a uniformly loaded ‘equivalent circular area. 
An equivalent circular area to the 20 by 20-ft square has a diameter of 22.5 ft. _ 
Substituting the proper values in Equation (3) of the paper a center stress 
of 0.707 ton per sq ft is obtained for 2 = 10 ft. This compares s favorably a 
with the 0.696 ton per sq ft obtained by the graphical method, and results in ey ; 
a substantial saving of time. - The accuracy of this approximation increases, 
quite” apparently, as the below the loaded area increases, but 
decreases as the shape of ‘the loaded area digresses from the circular form. 
po this approximation is is sufficiently accurate in b any particular case can a 


M. M. Am. Soc. ©. E. (by letter) Without rais- 


ing questions as as to the distribution of pressure in the upper strata of 
foundations, “the value of concentration factor, other factors 
pertinent to the problem of the behavior of soils under load, the writer 
wishes t to apply the principle proposed by the author to the case in which 
3 the pressure is not uniform, but varies linearly. In this case the pressure 
at Point: to a loaded area distance. away, a 
* fs cin dg — sin 


which, in addition to the ‘notation of the paper: ; is the uniform: 
pressure at Point A, in tons per square foot; pz, and Pes ar are correspond- 
ped the pressure due to uniform and non- veniform loading; tan i is the 
*, slope of the linear variation of the stress taken normally to the line of 
-_ stress due to bending only, in tons per cubic foot (see Fig. 7); and 
Ten and 125 are the projections of the are of radius, on intercepted by the 


Am. Soc. C. E., August, 1938, p. 1060.00 
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Calif. ngr. of Hydr. Structure Design, State Dept. t. of Public Works, Sacramento. 
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The derivations _ obtaining ‘the pressure, Dew are given a the 

author. To determine the pressure, pz, Fig. 8 is constructed similarly 
eT _ This is done by taking as abscissas the radii, r, and laying 
the distances, to the left. the point of intersection of the are 

Reference Line for 


(Non-Uniform Load 
\ 


Naser 
_ooli ty covers 


a} | 


aa to the intersection with the are. The distances, le, are selected 80 as to 


give even intervals of the load, with tani = 1. In this manner, 


in which . Pz is th sae in tons per square foot. For small values of the — 
loads the determined "analytically from the 

t = in which A is the angle between r and the reference line, 


“ A> 1— 
4 “In order to compute the pressure, pes, the loaded area is placed on the 


chart (Fig. 8) 80 that Line A -a, Fig. 7, coincides” with the "reference 

line of the chart, and Point O is located by the co-ordinates, x and 4 y. Then, 
¢ positive pressures are read along the arcs ‘intercepted by the periphery of 
the loaded area, In order to read negative pressures, the footing is 
ol rotated 180° ‘about the reference line of the chart, and pressures are read 
again. These pressures must then be > multiplied by tan tin ondes ro 


- ‘The uniform pressure is 2.5 tons per sq ft; tan 7 = 0.15; and the line 
of zero bending stress is inclined to the axis of symmetry. of the footing 
at an angle, 8 = 20 degrees. It is required to find the Pressures, Pry at 


On 
For example, consider a rectangular footing 7 ft by 10 ft in area, 
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NELIDOV ON 
point, A, with the co-ordinates, 2 = — 10 ft and y = — 
co-ordinate system 
_ The intensity of the uniform pressure at Point A is: p = 2.5 X 0.15 — 
x 5 = 1.75 tons per sq ft; the total pressure at Point A due to this — 
‘uniform pressure is obtained with the aid of Fig. 3; and, 


Distance in Feet 


\k. 
Reference Line for 
Non-Uniform Load 


12 13 14 15 16 17 18 19 20 21 22 23 24 25 


Fic, 8—CHART FOR DETERMINATION OF VALUES OF p22 WITH TAN i=1 


d part of the A 


3 


“Per 8q = pun + Po = 0.0946 + 0.0260 


q 
A 
— 
jnclination of the axis of symmetry of the footing to the 
ED oof the chart, B + 8 equals 20 + 27 = 47 degrees. Consequently, by Equa- ‘- “A pe 
tion (6), = 1.75 (0.0015 + 0.0025 + 0.0028 + 0.0030 + 0.0029 + 
+ 0.0024 + 0.0022 + 0.0012 + 0.0006 + 0.0003) + (0.0033 + 0.0045 © — 
0.0088 + 0.0047 + 0.0044 + 0.0041 + 0.0033 + 0.0016 
+ 0.0001 + 0.0001) = 1.75 x 0.0541 = 0.0046 ton per sq ft. 
2 
imi 
aS 4 14] 15] 16] 17] 184/19] 20| 22| 
— 
ne. 4 
4 
= 
en, of the axis of symmetry with the base line of the chart is p= 20 ee 
degrees. +The ‘pressure due to non-uniform stresses will be, similarly to 
is J} Pa: pe = 0.15 (0.0040 — 0.0010) + (0.0100 — 0.0002) + 0.0160 + 0.0205 — Ble 
ad «6 + 0.0230 + 0.0250 + 0.0250 + (0.0250 — 0.0002) + (0.0230 — 0.0015) — 
to § + (0.0145 — 0.0029) + (0.0095 — 0.0042) + (0.0066 — 0.0050) — 0.0001 i. 4 ee 
ine § = 0.1206 ton per sq. ft. If only a uniform pressure of 2.5 tons per sq ft ““e — 
ing Were considered, the pressure at Point A would be: pz = pa = 2.5 x 0.0541 


PAASW ELL ON SSU RES BENEATH FOU 


‘This method = may applied to the computation of pressures caused by 


&- continuous non- -uniform loadings, such as earth-fill or rock-fill dams, gravity 4 


dams, etc. ‘The principle of graphical cal computation of pressure proposed 


M. Am. ,C..E. (by letter).— —The recognized 
importance of of determining pressures and their “manner of distribution 
beneath it necessary that the formulas covering the 


Srenination of such distributions be of ready application, Mr. Burmister’s— 


4 paper is “a step in the right direction ei It is ‘Tealized that the exact 
sccenneeyrone: of the distribution is not necessary; as a matter of fact, 


present knowledge as to the nature of — materials does not yet 


the pressure ‘intensity ‘constant ‘ratio, 
surface load. A family of spherical surfaces is given by Equation ®, 
tangent at the p point of loading. Fig. 9 gives the comparison of such 


& 


loci, Fig. 9(a) being plotted by the equation, and Fig. 9 


as 


Fre, oF CONSTANT VERTICAL PRESSURE Fic. 10.—DISTRIBUTION OF 
_UNIpoRML 


9 INTENSITIES. PRESSURES UNDER 


_ The question of the partition | of a concentrated load into sufficiently 


small» areas to give correct distribution becomes important at ‘points 
to the load. A. E. H. Love has solution” the 


a Philosophical Transactions Regal Bee. A, 1929. 
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PAASWELL ON PRESSURES BENEATH FOUNDATIONS 


tribution of ‘pressures a 10. vertical intensity 


pressure: at a a point, Ys of the, rectangle 


B= (a— —2) at (a + 2) + y)s ato 
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ESSU ENEATH FOU 


— 


24 the value of the cosine ¢ orresponding y to the positive val ue of the fraction 


and subtract the angle thus found Symbols bs and d, 
the distances from the ‘point to the four corners of the rectangle (see Fig. 
10). ‘E quations (9) to (13) f fail for points directly under the edges of the 
rectangle. ‘such points points just outside the projections of 


It may be interesting to observe how many subdivisions are required, 
using the -Boussinesq— formula, to approximate the values as obtained from : 
Equation (9). Select a series of points directly below the center of 


+e rectangle, z = y = 0, and ‘assume that a = 5; b= = 3; and p= = 1. The : 


a of the rectangle is 60 units, and the total load, P, in the — 


fon} TABLE 5.—ComPanison OF VERTICAL INTENSITIES 


= 


One subdivision | Four subdivisions |Eight subdivisions 


0:80, 
Table 5 shows the vertical intensity ae the pressure ree from 
“a to 20 as given by Love and by -Boussinesq when the rectangle is sub- 
divided into one, four, and eight ‘parts indicates that a single con- 
centration may be assumed for the rectangular distribution when the 
point in question is at least 10 ft below the surface. 
The writer feels that the method of plane sections" covered in the 


useful one in n considering the effect of a group of pier leas: on the deeper 
strata. A uniform distribution of load may be taken as the equivalent 
of the various piers and the simple formulas given in the report may 
be used to determine the v ertical loading gs at the depths required. ‘The 
prediction of settlement from an analysis made in this "manner » will be 
exact enough in every sense, to of the foundation 
Tacos Fetp,!2 M. Am. Soc. C E. (by letter) —The graphical interpre: 
fo 
tation, by Professor Burmister, of the integration of pressure distribu- 
tions over volumes below the loaded areas: is a time-saving tool, which does 
reduce the accuracy of the method. However, it important that 


one who uses it knows the limitations of the and 
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q NEW MARK ON PRESSURES BENEATH FOUNI NDATIONS 


the author disthnguidlies between the “dis- 
zone” and deeper layers as an explanation of settlements. ‘The 
-Boussinesq ‘formula, with or without modifications, is only applicable in 
bodies. The soils in a “disturbed zone” ‘ directly below a foundation 
are not isotropic. - The soils” in deeper layers, under initial compression — 
en the additional loading) are often under such low stresses, that iso- 
d. Hence, the formula and the author's method 
not applicable to the determination of settlements in the “disturbed 
gone” but can be used for such determinations at depths. 
The careful reader will notice that the theoretical load distribution 
is not dependent upon the soil characteristics. is neither logical nor 


“true. Under low stresses, the error introduced by the assumption that all 


“soils are equal, is so quantitatively small, because the ‘numerical values 
are small, that it can be disregarded. b gailook, 


i % Especially in the “disturbed - zone” any theory that is based on the 
assumption ‘that, under | equal loading the same distribution will result in 
mud and in rock, must require modification. 

Referring to the numerical example, ‘expecially Table 4, and 
lia study of the problem of settlements under _ foundations, one is 


uite safe in drawing the following conclusions: 


(@) At depths of 20 f ft, more, the assumption of a single point load- 


ae are as accurate as the the com- 
| 


At lesser if the soil is of such nature: that isotropic behavior 


this case, loads | transmitted to lower and better layers” 


~ (c) At lesser depths, if the soil is of such nature that isotropic behavior 


an be expected, settlements are so small that there is no problem. o ole 
In all dom studies for the estimation of expected settlements, in addi- a 


‘ton to the nature of the soil, the designer often A ign the effect of the 


M. Aut. Soo. C. E. (by letter). 
presented by Mr. Burmister for finding vertical pressures: beneath founda-_ 7 
tions graphically is interesting and simple to use, ‘The author's procedure 
_ is more rapid than the “method of dividing the loaded area » into elements of 
load which may be replaced concentrated forces, writer wishes 
t Mr. Bu method by ‘describing for comparison two 
cedures, one analytical and one graphical, which seem to have 


~ Asst. Prof., Civ. Eng., Univ. of Illinois, Urbana, Ill. 
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analytical procedure. for ‘computing the intensity 
_ be neath a loaded area was developed by the writer at. the University of 3 
mois." This procedure makes use, “af a table of ‘values, of vertical Pree, 
re at unit "depth beneath the corner of a ‘uniformly loaded rectangle of | 
imensions, m by n. ‘The table is applicable to all depths: and to all dimen- 
sions of loaded area. . formula by which the numerical values 
a were PisiaMrse was obtained by integration over a rectangular area of Bous- 
7 sinesq’s formula for the pressure due to a concentrated load. The tabulated 
: ‘coefficients _ of pressure are given in terms | of the vertical load per, nai of 
area on. on. the rectangular area and are 
. 2 The pressure at points vother than under the corner of a rectangular 
9 area is found™ by combining upward and downward loads on not more than 
ad rectangles. For example, the vertical pressure at a depth of. 10 ft 
_ beneath the center of the footing ed dimensions, 6 ft by 8 ft, shown in ; 
> 5, is. found as sum of the vertical pressures 10 ft beneath 
common corner of four. equal rectangles, 3 ft by 4 ft. The ‘ ‘relative dimen- 
B= '(m and n) for these rectangles are 0.3 by 0.4. With these values j 
of m and n, the table referred to lists a value ‘of influence Pressure of 
0.04742. Then the influence ‘pressure for. the entire footing is four sur time 


a: 


NFLUENCE Pressure To: 
Depth under center of 


ous tion oda YW 


0.00372 
a ‘a 
the problem shown in ‘Fig. 5 of the paper the results given 
Table 6 were this procedure. writer was Fie male, 


“ree area loaded with ‘the same total load as is is od 


is permi sible. Near ‘the “surface, the pressures are 
bps distribution of contact pressure between the footings and the soil, and 


distribution may vary between rather wide Hmits. 
seems that the ‘author’s: graphical ‘procedure is. ‘limited to computa: 


wit tary ut 


tions at _ depths for which charts are available. Only one chart is necessary 
for all depths if the scale of the foundation plan is changed properly with 
the depth. For example, Fig. 3, the author’s chart for a 10- ft depth, 
be used for, say, a 20-ft ‘depth if the scale of ‘distance to the center of 


each loaded ring is multiplied by 2, so that the rings become 2 ft wide. ae 


Newmark, Univ. ag. Station, Circular ‘No. 24 (1985). 


“Simplified Computation of Vertical Pressures in Elastic Foundations”. by “s 
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PRESSURES BENEATH FOUNDATIONS _ 


pressure. Subdivisions of the rings 
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0.1164 


0.2698 
0.2983 
0.3252 

0.3511 

0.3761 
~0.4005 

0.4244 

0.4481 
0.4715 

0.4948 
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Given Vaues or 
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Fig, 11.—For 
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may then be made by radial lines. The 


10.24 4022,020 of Main 
0.18 £ Chart Eniarged| 


4 
z=Depthat 

which Pressure 1s 

to be -Computed 


r= 


\ 


099 0992 089 


UnirorM Loap or Unit INTENSITY ON AREA OF COMPLETE CIRCLE BOUNDED 
Rang DESIGNATED, 
TABLE 7.—Vatues or Retative Rapius OF CircLE, —, FOR | 


ideal 


Orange ‘= 


0.970 
0.972 
(0.974 


0.976 


0.7392 


4 
Frit 


& 


Borne 


0.5181 
0.5415 
0.5650 


0.996 
0.998 

b satian 


60.96 


.2197 
7.8738 


a. 


Tet. fa graphical procedure is to be used, th 
of uch as Fig. 11 in which each the writer prefers a pressure 
ing ace ¥ — 
Wes | 
— 
a — 
ake — 
ne — 
| — 
— AF || 0.900 | 4.5598 
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CUMMINGS ON PRESSURES BENEATH FOUNDATIONS 
chart can made of depth by drawing the foundation plan to 
scale s such that the depth at \ which the ‘pressure is to to be computed is taken 


Values of — for given values of may be computed by re-arranging 


Equation (3). The writer has made ‘such computations, die results of which. 
are given in Table 1. _ With these data aa ar may be constructed | for the aS 


and each 


- sure of 0.0002. In order to subdivide the area more uniformly, intermediate me 


are drawn for ares a outside circle 0.90. 


represents 35. ft. “aot the point at which the pressure | ‘is at Point 
Add the loaded multiplied value of p on 


total vertical pressure. different drawing of the foundation 
required for each dey pth investigated, but | 


AE Cu MMINGS,1® M. C. E. (by letter) or the 
the stress” distribution in the ground under foundation, the author 
o recommends the use of a simple algebraic expression which is often referred a 
to as “the Boussinesq equation.’ According to Professor Burmister, 4 
equation represents the only means available for solution of such 
problems. — The writer is of the opinion that the derivation of the equa: 
tion is based on assumptions w which are rarely” fulfilled by an actual — 
foundation problem. _ Accordingly, he proposes to outline briefly the original yi 
derivation” | of the equation and to discuss the assumptions on which it 
Boussinesq assumes ‘co-ordinate system: (Fig. 19), with 
the X Y-plane as the plane horizontal boundary of the semi-infinite solid 
and with the positive ‘Z-axis ; directed downward into the solid. ‘He - begins 
with the general differential equations of elastic equilibrium in the fom 


commonly known as the body-shift equations. These 


Dist. Mgr., Raymond Concrete = Co., 
18 “Application des Potentiels a l’Etude de l’Equilibre et du ‘Mouvement des Solides 
lastiques”, by J. Boussinesq, Gautier-Villars, Paris, 1885. a 
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(14), and ‘are the displacements in the the x, and 
| Z directions, and and , p are the elastic constants of Lamé, 


at 


Giflerential Equations (14) for this purpose Boussinesq uses certain 
potential functions. ‘He “expresses the displacements in terms: of the 


‘The inverse or Newtonian potential 


U= 


the potential is 


the first logarithmic potential is: 


asa 


and the second logarithmic potential of three variables i is: 


if 

— 

| 
~ 

al 
— 
— 
‘a 
7 
7 


In ieicailadin (17), dm is the infinitesimal element of the mass prodallll 3 
the field of and = + y + The integration extends over 


the displacements as the space of ‘one or the 
~ other of these potential functions, Boussinesq finds solutions of the differ. 
ential Equations (14). These solutions he calls” “simple integrals” 
in general, they are not satisfactory for the semi-infinite solid as “they 
do not satisfy the required boundary conditions at the free horizontal ‘sur- 
a face of the solid. In order to o satisfy these boundary conditions, Boussin- i 
esq uses combinations of several potentials. For the semi-infinite solid 
subjected to a ‘purely vertical load its boundary, be 
g(iz+ R) dm. 


thes 


R dm log (2 + R) dm .(18¢) 

(18) of the direct potential and ‘the 
_ first logarithmic potential, and it is easily shown by —e that 
they are solutions of the differential Equations (14). 
7 obtain the stresses from the displacements, makes use 
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CUMMINGS oN PRESSUR BENEA 


ts Sor 


In Bquations (i). the of p with: 
wil 


stresses and those with the double subscripts are’ the 
it is assumed point load, P, i¢ applied normally. to the 


ad 


hi 


: 


ll 


apie z+ 22)” 


(20f) 


minus i n. E uation 20. is easil reco ized as “the Boussin- 


Whether or not Equation (20¢) is applicable to a given foundation 
problem depends on how well the ‘foundation problem conforms with the 
‘assumptions on which. the derivation the equation is based. As 
“illustrative example, the author use a structure built on 


spread- ‘footings Fig. 4). However, there ‘is. nothing in 


the paper to indicate that the should not used for large 

mat foundations, “The assumptions on which 200) is based 
“more ‘readily understood by consideration of a foundation. 

it if ils 

Furthermore, the author has ‘several statements: which of con- 
siderable interest when applied to a large mat. The writer proposes, there- 
F fore, to consider not only | Fig. 4, ‘but also the fou ndation problem illustrated , 
in Fig. 13. This” is not an imaginary soil condition. — It is more or less 
typical of certain parts of Chicago, » Detroit, Mich., Toledo, “Ohio, 
other | cities o on the Great Lakes. be vp 

One important assumption on which Equation (20¢) is based that 
the solid must be homogeneous: to an infinite depth, This is required by 


Equations (18) since the space derivatives of the potential functions 


these equations are continuous functions and do not vanish except at 7 
infinity. Discontinuities in the soil structure ‘are not compatible with 


— 
~ 
| — 
— 
4 
| 
— 
— 
¢ 
” — 
— 
| — 
— 
— 
— 
— 


‘ 


Fig. 13, the of bed- rock is at a depth a’ 


surface. This rock may be. considered as prac 

tically rigid so. that the vertical displacements must Vanish at the plane 

* of the rock surface. ‘The horizontal displacements may or r may not vanish, 

depending on ‘the friction | between the rock and the soil stratum j just 


above it. Equation (20c) does not apply to this case. 


Soft Clay 


a method of taking into account the ‘discontinuity at the rock surface 
cA 


been published by Professor M. A. Biot: * According to 
‘Biot’s analysis, the _ vertical normal stress on center ‘line of. the 


dead at the rock surface is ‘considerably greater than the stress calculated 
with Equation | (20c). The plane of contact between the sand the 


soft clay represents another type of discontinuity. Arthur. Casagrande, 
Assoc. M. Am. Soc. Cc. E, has studied ‘this -condition™ and found 


that a dense sand bed ‘apparently “spreads load so that the: vertical 
normal stresses in the clay are much less than the values given by 
Equation: (20c). ‘This question of discontinuities in ‘the soil structure 


applies to ‘Fig. 4 as s well as to Fig. 13. In Fig. 4, it is the width of the 
entire building that must be considered and not the diameter of the indi- 


_bed- rock or Some other abrupt 
. change in soil ‘stratificétion at a depth no ‘greater than one or two aie 


<a 


second assumption on Equation (20c) is based is that 
load must be at the surface of the solid and not below the surface. ‘This 
requirement is also due to Equations (18). Fig. 13 _ shows the ‘bottom — 4 


11 “Effect of Certain Discontinuities on the Pressure Distribution in a Loaded Soil”, 
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of the mat at a depth of 10 ft below the surface. This is not an vee 

-eondition and, in some cases, buildings have several ‘sub-basements so that 
ay foundations are 25 or 30 ft below the surface, Equation (20c) is 
not su suitable for such conditions, and it is necessary to use an analysis 
of the type published in 1936” by R. D. Mindlin, Jun. Am. Soe. C. E, 
~ Stresses obtained from Mr. Mindlin’s equations may vary considerably from 
those given by Equation (20c), depending on the size of the loaded area, its 


depth below the surface, and the depth of the, for the stresses 


are being calculated. “ag 
third assumption involved in the of. is 
ae the load must be normal to the surface of the solid. The displacements 4 
represented by Equations (18) are for normal loads: ‘only. When the 
point load, P, is changed to a distributed load, p dx dy, which is to be 
integrated over a finite “area, this normal load requirement does not 
change, and the load on the finite area must also be purely normal to the 
surface: of the solid. In some cases there is a tendency for the “soil, t to 
attempt to escape laterally from under the foundation. ‘The 
is similar to that of a compression test on a concrete cylinder which 
there are tangential friction forces in in the planes contact between the 
blocks and the. ends of the cylinder. If the soil attempts to move 
the f friction forces ‘the. soil surface are directed radially inwar 
ig The resultant of the normal load and the friction force at any media 
makes an angle with the normal, the magnitude of the angle depending on 
the amount of friction. This oblique resultant force ‘Tepresents more 
general case than the purely normal force. — For ‘the oblique force the 
stress distribution within the solid ante different from that produced — 
by the normal force alone. Boussinesq”” has" solved the problem for ‘the 
oblique force with the aid ‘of the second ‘logarithmic potential given by 
Equation (17d). Professor O. K. ‘Froehlich™ has derived equations which 
show the effect of of ‘tangential forces the contact plane. The existence 
‘of this phenomenon has been noticed and discussed™ by M. L, Enger, M. 
_ Am. Soc. C. E. When there are tangential friction forces in the contact 


4 plane, the Stress distribution in the soil is not that of Equations (20). tor 
The fourth assumption on “which Equation is based is that the 
solid must satisfy Hooke’s law and must be a truly elastic isotropic solid 
; in the se sense required by the mathematical t theory of elasticity. ze The fact 


as that no elastic constants appear in on does. not nullify this 


be capable of resisting all tensile, compressive, and shearing stresses 
by Equations (20). Granular ‘soils, for instance, lack» the 

as capability of resisting tensile forces except in so far as they may already 


*“Force at a Point in the Interior of a Semi- Infinite Solid”, Physics, May, 1936, 


‘Application des Potentiels”’, p. 182. = 
“Druckverteilung im Baugrunde”, Julius Springer, 1934, p. 55. 
Am. Soc. C. E., Vol. LXXXV (1922), 1580. 
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be under compression due to body” a point on Xa axis at the 
of the solid Gin Fig. 12, z = = 0; and x = R), the shears, 
Dee, Devs Poy and the normal stress, De, all vanish. "The normal stresé De, 
is a radial tension and py is a tangential compression. Concentric ia 
drawn on surface of the ‘solid, with the origin as common center, 
a the physicil properties of the soil are such that it cannot resist this 
tensile stress, De ‘the stress field cannot be represented by Equations | 20). 
_ Isotropy requires that the elastic properties of the soil would have to be 
the same all ‘directions. Stratified silts and varved clays are “Tot 
isotropic in this sense. Hooke’s law requires a a linear relationship between 
stress and strain both for losding and for unloading. In some soils the stress- 
strain loading curve is a straight line for Small strains but in 
“many soils it is not and, in _ most soils, the process is not reversible. The 
etn result is that, in general, it is not valid | to consider the soil under a 
foundation as an elastic isotropic solid. method of determining ‘the 


stress distribution in certain’ types of anisotropic ‘solids has been published 


author ‘mentions the “distur rbed “tone” defined by Kégler ‘and 
| Scheidie and remarks that this region of disturbance extends to a depth — 
of two or three times the greatest width ‘of the footing. Apparently, 
eet is thinking only of the relatively small spread- footings shown in 
Bi g. 4. The question arises as to how this idea may be applied to Fig. 18. te 
_ Two or three times the width of this footing means 200 or 300 ft in 
ground. ‘seems scarcely likely that of disturbance would 
extend to any such depth as this. In their original -description™ of this 
"4 phenomenon, Kogler and Scheidig did not publish | 


analysis by means of which ‘the extent of this region could be caleulat 


"4 However, they called attention to the fact that the depth of the disturbance 4 
depended on the physical ‘Properties of the soil and the intensity of the 
surface load. this region of disturbance is plastic 


flow. 


7 


0. Froehlich has published ¢ “equa ‘ions which define the 


boundaries between the elastic and the plastic regions. Froehlich’s analysis 
based on Mohr’s _ theory of plastic flow and his. equations include 
8 size of the loaded | area, the ‘intensity. of the “surface load, an 
characteristics of ‘the soil. In either, ‘Fig. 4 or Fig. 13, “the extent of 
this: region of plastic would depend on these various factors. 
region is not merely a function of the diameter of the footing. In addi 
disturbance,” Kogler and ‘Scheidig described a 


a one is in this ‘ “region of no stress” ‘that the theory of elasticity, as 
represented by Equations (20), includes tensile stress. The inability 


el *“Ausbreitung der Kraft in der Halbebene und im Halbraum bei Anisotropen Ma 
terial”, Zeitschrift fiir ang. Math. und Mech., 19: 35, Vol. 1b, No. 5, p. 249. ip 


Die Bautechnik, April 6, 1928, p. 206. 
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CUM MINGS on PRESSURES BENEATH FOUNDATIONS: 
¢ 


of sand to resist this tensile stress is part of the cause of the existence of — 


=e .... author also discusses the distribution of pressure in the ‘contact | 
states that unimportant at depths several times" 

the width of the footing. _ Again, he a appears to be thinking only of the 
an footings of Fig. 4. It is interesting to consider this statement in 
connection with Fig. 13. “As Professor Burmister states, this surface pres- 
- gure distribution depends on the relative elastic properties of the soil 
and the structure. It can vary from a distribution which is a maximum 
at the center and a minimum at the edges to one which is. a minimum at 
a center and a maximum at the edges. In Fig. 13 the » entire depth of 
». soil between the bottom of the footing and the surface of the rock is 
only eight-+ tenths of the diameter of the footing. It is in this region 

that the non- -uniformity of the ‘surface loading is ‘most important. Even 
¥ if the rock were not there, and if the soil were a homogeneous, elastic, iso- 


the vertical normal stresses on horizontal _planes~ in the 


mal 


tin of pressure in the plane. The author’s about 
unimportance | of the distribution of contact pressure is. apt to ‘mis- 

There are many kinds of foundation problems in which the 

di distribution of pressure in the contact plane cannot be ignored. po 
The calculation of stress distributions in the ground under a founda-— 

= tion represents the first: half of the problem of settlement analysis. The 
other half is concerned with the laboratory soil tests and the application 
of the test results to full- sized structures. Many records of observations 
on the settlements of structures have ‘been published during the Past 
few years. a few cases there is agreement between prediction and 
observation, but in many ‘eases there are wide variations. These differences — i” 
between prediction and observation could result either from the lab- 


oratory tests or from the assumed stress distribution in the coil. As 
as the stress distribution is concerned, it is the opinion that 

this” so-called “Boussinesq equation” is being somewhat overworked. 
E Foundation problems seldom conform with the assumptions which are the 

bases of its ‘derivation. Furthermore, ‘the equation is not the only means 


available for” the analysis” of stress distributions in the ground under a 


racy) 

‘a knowledge ‘available at time on str ess 
under full- sized structures is extremely limited. The writer, 
therefore, is inclined to question ‘the desirability of ‘putting into general 
“use charts as those proposed by ‘the author. These charts” are based 
on an equation taken the mathematical theory of elasticity, 
equation itself is subject. to ‘several | definite restrictions. If the 

assumption is granted that the soil is an elastic, isotropic solid there stil 
remain such questions as: Is the load at ‘the surface or below the sur- 
face? Is the load normal to the surfa e there horizontal forces” 


the contact plane which produce, with force, an oblique 


Tesultant? Is there an unyielding rock stratum or other discontinuity 
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the soil at a depth no greater than one or two times the diameter of the 
structure? The aut chart ts tale of these conditions into 
admitted that the soil is not an elastic, isotropic solid, j 


becomes necessary to abandon the of the theory of elasticity 
a least to modify the equations of that theory before they are used 
iS stress distributions in soils. Apparently, it is true that, at 


considerable ‘depths below the surface, the materials of the earth behave 


based on this assumption.” However, it: is the writer’s opinion "that most 
; foundation problems are concerned with surface phenomena. In general, the § 
a entire depth of soil involved in “the problem is of the same order of app 
magnitude as the “diameter of ‘the structure, and there are ‘usually a 


‘number of other special conditions to be considered. Tt would seem bette, § 
_ therefore, to leave the door open to a consideration of these special con. § 


ditions rather than to advocate the e@ use 0 of charts which do not take e them ai 

into account at all. In case, the charts tables should be ‘sup this 

plemented by a complete statement of the on which they are 
0 

2 Soc. 0. EB. letter) —The object of this a 


discussion “First, to emphasize. ‘outstanding place which the chart 
method advanced by Professor Burmister occupies among other methods put 


determining the vertical pressure within a loaded earth mass; and, , second 


Existing Methods _ Determining Vertical ‘Pressure Within: Londed 
Mass.—The of determining the _vertical pressure, pz, at 
= a point within an earth mass as caused by a structure at the top (hori of 
zontal boundary plane) of that mass, “has | been solved, to date, in “four the 
different ways: (1) Subdividing | ‘the loaded area at the base of the struc: 
ture into small rectangles and replacing each of them with an equivalent bre 

concentrated load acting at ‘the center of rectangle in in question ; (2) sub- 


dividing the loaded area by arcs of circles and their radii into small dle r the 
ments, and replacing the latter with equivalent concentrated loads; 


developing theoretical called -“striet”) formulas to_ express the pres- 

sure, Pz, caused by a a  yectangular or circular loaded area; and (4) compiling ir ha 

tables and tracing graphs. — In practically all existing methods the validity § _ 

the Boussinesq_ formula is assumption ; _in other words, the ea earth 

is considered to an elastically isotropic body. Furthermore, only” 

a _ uniform load distribution through the loaded area is considered, with a few a 

exceptions, mentioned subsequently. The Ww riter has also proposed a method 

of determining the v vertical pressure, Dey within, any earth mass and under 

a uniformly or non-uniformly loaded structures of an arbitrary shape.” 

“Physics of the Earth”, Vol. VI, The National Academy of Sciences, ‘Washingtes, iy 
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is that proposed by Glennon Gilboy, Assoc. M. Am. Soe. a 


1933. This method is the one most used by soil mechanics investigators 
in the United States. It yields quite satisfactory results in the case of 

uniformly loaded areas composed of “one or more rectangles. A semi- -graphical 


~ method elaborated by Messrs. Kogler and Scheidig,” of Germany, corresponds As 
= Item (2). This method may be applied to both scene and non- 4 


uniformly, loaded areas. Owing to certain assumptions the m 
approximate results. The group under Item (3) is the a firorerene 
_ The stressed condition beneath circular and rectangular uniformly. and non- 


“uniformly loaded areas has been studied by various investigators, and 
_ Pressures have been found mostly at points along the vertical center Tine 
of a circle or of a Tectangle, as well as under a corner of a rectangle. -- 


respect, works Boussinesq, Love," other theoreticians in the 
‘field of elasticity, are to be mentioned (also those of Professor F. Schleicher," 
of Germany, 0. K. Fréhlich,” of Holland, and Professor F. E. Rel- 


ton” of Egypt A. E. Cummings” M. Am. Soe. O. E., has studied, 


ac comprehensive manner, a | considerable number of cases of uniformly and 


uniformly loaded circular areas ‘and has developed formulas to com- 


uo pressures at points along the vertical center line. — ‘Since the methods 
corresponding to Item (3) are applicable 0 nly in the case of regular, ci 


= or rectangular areas, they have, as a rule, only a restricted value. 

g as So far as the writer is aware, , there are two works, to be classified under — 
a (4): :. That of Nathan M. Newmark, Jun. Am. Soe. C. E.," and that 


of Dr. Wilhelm Steinbrenner,” of Austria. 4 Both these investigators studied 


case of uniformly loaded rectangles and computed “pressures at the 
corner Mr. Newmark has compiled comptehensive tables and Dr. Stein- 
brenner has traced, ingenious graphics which ‘permit the ‘computation not 
“al of the pressure, pz, but also of the value of the elastic settlement at 
i the corner of a uniformly loaded rectangle. Although the methods of this 
oup refer to. rectangular loaded areas only, their particular value consists” 
in their tendency to facilitate the work of the e designer, placing i in- a, 
hands such time-saving devices tables and graphs. 


—— Report of the Committee of the Society on Earths and Foundations, — 
Proceedings, Am. Soc. C. E., May, 1933, p. 784. 
Philosophical Transactions, Royal Soc., Lond., Series Vol. 228, 377 (1928-29) ; 
i also Theory of Elasticity”, by Ss. Timoshenko, DP. 335 (1934) ; see, also, Diatieoneshe given 


Love, Transactions, Royal Soc., Lond., Series A, Vel. 228, 
Der Vol. 931, 949° (1926) ; also, ‘Vol. Pp. 242 


Proceedings, International Conference on Soil Mechanics and Foundation 

Am. Soc. C. E., Vol. 101 (1936), p. 1072, 

24, Eng. Experiment Station, Univ. of Illinois, Urbana, II1., 1935. 


"Die Strasse, October, 1934; also a special publication by that journal entitled, 
ei. “Bodenmechanik und neuzeitlicher Strassenbau”, p. 75 (1936). i 
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ON PRESSURES BENEATH FOUNDATIONS 


Chart Method Disc ussed.—The work of Professor Burmister to 


Group (4); but it is more applicable to actual engineering computations 
than the work of Dr. Steinbrenner which is the closest to it as far ag the 


method of attack i is cone erned. | This i is because Professor - Burmister’s ‘method 
in the case had a structure of an 


The cannot the work of Professor. Burmister “otherwise than 
: a8 a correct step in the right direction; but, at the same time, he wishes 


to emphasize a few features of this method which should be improved, at 


The fact that, in this method, the earth mass is considered only as “i 
elastically isotropic body, cannot be considered as a weakness of the method 
since the theory of the concentration factor has not been generally adopted — 

= yet by all soil mechanics investigators; and yet it has been felt ‘that 


at - depths the formula holds. The ‘method in question, 


(a) given structure or set footings must be re- e-drawn on 


-eertain loss of time: “gad —(b), the pressures can be determined only for 
2 depths, for _ which charts have b been prepared. It is. true that for inter 
mediate values the pressures can be determined by interpolation; but to use 
interpolation method, least three pressures at three different depths 
must be found first, before it is possibl e to trace a curve. Two pressures 


i 
would g give only a straight line and a interpolatio = 


= 


. gests that the re-drawn plan of the structure be pinned down at ‘Point 

A, Fig. 3, and that the plan be revolved for making readings. This pro- 
_ cedure may be substantially simplified as follows: (a) Charts are prepared 
on tracing | cloth; and (b), the plan of the structure is drawn on n ordinary 
_ paper to the scale of the chart. Fig. 14 represents the first quarter of the 


foundation layout i in Fig. 4. if the vertical pressure is: to be determined 


10 206 30 60 d 70 


a 


| 
id 
Pa 
g at 
— a 
gs 
1 
| 
A 
ies 
q 
a 
7 
3 
RQ 
| 


KRYNINE on ‘PRESSURES BENEATH 

4 some dep Point A, all ‘the footings should be an 

at 

arbitrary line, “AB, ‘passing through Point as follows: With Point 
” a center, arcs are drawn through all breaks in the plans of the footings. ; 
¥ istances of are are added, using 

Dista 

measure: 

z Line AB. For instance, Segments Pq (Footing No. 4) and rs (Footing — 


= 
= 


No. plotted upward from Line AB, Fig. 14, are -_Tepresented in 


Segment mn, the length of the latter. beizig equal to the sum, — Ts. 

‘ Joining all points such as m, Areas ath and cmd would be obtained bounded a 

at the bottom by the straight line, AB, and at the top by the. irregular curves 

shown in Fig. 14. The vertical pressure, pz, produced by the loaded ee - 

at and cmd, at a particular point of the earth mass located at the vertical ie fe 
‘passing through Point A, equals that produced at that particular point by | 
Footings Nos. 1, 2, 3, 4, 5, and 6. To measure this pressure, the trans-— Bi 
- parent chart is simply placed over the layout of the foundation, ‘making — 
Points A of both drawings coincide (see Figs. 3 and 14); and Line AB M 7) 
of the layout (Fig. 14) is made to coincide with the basic horizontal line 
at the bottom of the chart (Fig. 3). ‘Then readings are made along the © 

Upper boundary curve, of Areas atb and emd. ab Haups 


Burmister’s chart method and the suggested’ ‘The saving 
time obtained in the latter case can be estimated at least at 25 per cent. 
The more numerous the footings (or the buildings in the case of a built-— 
“up area), the more considerable will be the ‘time s saved. Such a feature ra 

of the chart method as Table 2 should be abandoned if this era Te 
is used. Moreover, it would be mo longer pin the graph a 


Point and rotate the plans. hid 


P, - Horizontal Boundary 
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‘Theoretical Basis of the Simplification—The theory underlying the 
suggested simplification, may be deduced from Fig. 15. In both Fig. 14 
and Fig. 15, Point A is the projection on the horizontal boundary plane of 
Point O, at which the vertical pressure, pz, is to be determined. Loads 
P, = P, = P,, acting at different points of a circumference for which 
, Point A is the center, produce equal vertical pressures, pz, at Point O (Fig. 
- 15(a)). This is because the values, r and z, influencing the vertical pres 
sure, pz, at Point O, are constant for all points along that circumference 
In an analogous manner, a line load of a certain intensity and of a length, 
- (Fig. 15(a)), acting along a part of the circumference under consideration, — at 
may be moved to any other place on the same circumference without influence | a 
ing the vertical pressure, pz, at Point O. Furthermore, a loaded strip, abed § lin 
_ (Fig. 15(6)), may be transferred to Line AB, in the form of the ay -* 
_@v’cd’. The entire area, MNQ, if referred to Line AB, would be rep Fo 
resented by the area, Q’e’M’. The construction used in Fig. 14 is based on — sh 


= om 


A. Assoc. M. Am. Soc. C. E. (by letter).—An interese su 


ing method of computing foundation stresses by means of the Boussinesq — for 
equation, is contained in this paper. Mr. Burmister has applied his method _ 
to footings with uniform pressures. However, Fig. 3 may also be used in 

computing foundation stresses beneath footings with non-uniform pressure — 


_ distribution. The areas of such footings should be expressed in terms of — 


hi 
ek 
Distance to the Center Of Each Loaded Ring, in Feet 
1 6.—TRANSFORMED AREA OF FootinG No. 2. PRESSURE BENEATH FOOTING, p, IN Tons <. vi 
ER SQuaRE Foor; Pressure CHART AND Footine No. 2 SAME AS THAT SHOWN > re 
a transformed area. For instance, assume that the pressures in terms of od 
Footing No. 2 (Fig. 16), are 3, 4, 6, and 5 tons per sq ft at Corners a, b, C * ‘ 
and d, respectively. In Section A-A along an are with a radius of 35 ft 9 f 


Assoc. Bridge Designing Engr., 
Sacramento, Calif. 
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pe per sq f ft (see Fig. 16(a)). By changing the length, J, the area of the 


pressure diagram may be expressed as an equivalent area of uniform nf 
gure. The length, lo, of the footing in Section A-A, with a 


“uniform pressure 0: of 3 tons per sq ft, 


(4.66 + 4.50) 5 
The width of the transformed area may ‘be constructed along he. arcs 
en various ( stances: from F Point A. The computed are area of the footing, with 
t a uniform pressure of p = 3 tons per sq ft, is shown in Fig. 16 by dotted 
dines, e, @’, c’, and f. © Ares abfe (Fig. 16) is revolved 180° about Line e 
“and i is also converted ‘or transformed it into al an equivalent uniform pressure. 
Foundation stresses _ beneath this transformed area may be computed as. 


shown by the author in Fig. 3. a 


If the pressure curves under the the footings are irregular, the area . of the ° -  &g 


- pressure diagram along the ares m may be determined by planimeter mea- 
surements, or by summation. The width of the transformed 


along an are Io, will 


uniform foundation pressure. For convenience of the uniform 

_ foundation pressure may be assumed to be the same as the av erage footing 

‘The method presented by Mr. Burmister saves time in computing foun- : 
- dation stresses beneath multiple | footings. Most of the labor ir involved in — 
his method is that required in preparing the charts for pressures in donc 

at various depths, and the author, therefore, should be encouraged to pre- : 
sent his complete set for practical use” in design problems. _ Without suc] he 
charts, if the pressures considered are produced by a single footing, foun- - 
dation stresses could be determined in less time by the graphical method . 
by D. P. _Krynine, M. Am. Soe. C. which construction 


of pressure charts is not required. 
M. Assoc. M. AM. Soc. C. (by letter). 
= nature of the discussions is gratifying, and the writer po 


that the value of the paper has been materially increased — thereby. The 
comments have. revealed interesting "practical uses, have suggested 
: Although it was not the intent of the writer to go into the limitations b. 
the Boussinesq theory, it is | of the greatest importance to have: a clear 
understanding of the situation in any given case. Mr. Cummings has 
inn an excellent discussion of how well the foundation problem 
with the assumptions on which the Boussinesq. theory is based, and 
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has outlined of discontinuities in the foundaties 
soil. Mr. Paaswell shows that the exact determination of the distribution 
oof pressure is not necessary, - since present knowledge ~ as to the nature of 
foundation material ‘does not yet. permit making precise determination 
Ror example, little is known about the actual stress conditions in the al 
under various conditions of loading, or the influence of stratification and 
fi ——_ the w: vay the » stress is transmitted into the so soil. There 
fore, any method that facilitates computation and reduces the labor eo 
- time involved will be useful to the soil engineer in obtaining a good idea 
the distribution of stress in the soil beneath foundations. 
_ The fact that others have been thinking about the problem of simpli 
fyi ‘ing the application of the Boussinesq theory indicates the interest i 
the ‘subject. Mr. ‘Newmark describes an analytical and graphical method, 
peers he has found to be very useful. He has made a valuable suggestion ; 
in that one chart | may | be used for all “depths by simply changing the scale 
of the foundation plan in the e ratio of the chart ‘depth to the ‘depth ot : 
the plane at which the pressure is desired. However, if the chart for a ; 
_ depth of 10 ft were used for a depth of 100 ft, the individual al footings . 
would be too small for an “accurate of the p pressure. “This b, 
objection « can be overcome if the chart nearest to the desired depth is ee i q 
provided that the foundation plan ean be reduced easily to the odd ‘Seale 
sometimes required. Where stresses are to be investigated in a rela. 
tively thick layer of compressible material, such as clay, it is necessary to 
know the: variation or distribution of stress within the layer, in which 
ca case the method outlined in. Fig. ‘4 is most ‘satisfactory. The distribution 
4 of pressure can be determined at three levels, obtaining the complete stress 
picture by interpolation. Ir In this case the charts are used with the founda a 
Professor Kimball indicated that. the method is equally “applicable 
toa single large area, such as the base of a bridge pier. The settlement 
sa a rigid foundation is determined by the average e pressure acting — 
in the soil beneath the pier. It is interesting to note that the method 
of taking an equivalent circular area yields practically the same maximum — 
Nelidov has extended the usefulness of ‘the charts by. developing 
practical method determining the pressure » beneath’ a footing, where 
the load is. ‘not uniformly distributed but varies linearly. Mr. Eremin has” 


wax 


suggested a simple method | of solving this. problem by trans 


distribution. These’ methods may | be readily applied to ‘the case 0 
trically loaded structures, such eccentrically loaded footings, 
abutments subjected to lateral earth pressure of the fill, etc. ae? i + -_ 
Professor Krynine has suggested a practical improvement pe son 
fication in the | procedure, which results in a considerable saving © of tim i 
Instead of rotating the foundation plan about Point ‘A, the areas of al 
- footings of the foundation are referred to the base line, AB, on 1 the founda 
tion plan itself, thereby « obtaining an equivalent area, as s shown in n Fig. i 
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_ The base line, AB, of the Siating ye is made to coincide with that of 
each chart in turn, and the readings to the boundary curve ve of the: equivalent a 
area are then added to obtain the total pressure of all footings at the point =) 
under consideration. Fig. 3, for z= 10 ft, was submitted as a specimen to 
demonstrate the type of chart: recommended. 
a. Figs. 17 to 20 are ] pressure charts corresponding to Fig. 3, designed for 
in actual practice. scale reduction has been purposely to 
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-RAINFALL INTENSITIES AND FREQUENCIES 


AM. Soc. B. GRANT’, E Esq. 
Wirn Discussion BY Messrs. Victor H. Cocurane, ‘LeRoy K. Suermay, J 

Jones, Cuartes 3 W. SHERMAN, N. Cox, Garrett B. 
L. Grant, F. MEYER, L. Bocert, C. H. Evrrert, 
JARVIS, » AND A. J. — 


“4 An investigation of f the relation of frequency to rainfall tatenitins ye the 
a statistical method, forms the basis of this paper. All the e available records of 
_ excessive rainfall published by the United States Weather Bureau for nine- 
~ teen nn were first examined and those exceeding certain rates were tabu- 
lated and plotted on semi- logarithmic p paper. The graphs were straight lines 
of aor! regularity in their arrangement. Then, the data from ten cities of 
the original nineteen were tabulated plotted, thus using about one 
half the quantity of data first used. A ‘similar regularity a and const 
in the curves were found. Finally, the data from fourteen rain-gages in the 
_ Chicago (Ill.) District were used for finding curves and formulas for the t use 
of the City of Chicago. | The formulas for intensity are ‘rectangular. hyper- 
bolas and are plotted on hyperbolic paper as straight lines. 
— to excessive storms having durations of 120 min, and less, ie. , 


Rainfall intensity is involved in the design of storm as ate wk 


run -off is generally a function of the intensity. Adequate knowledge of inten- 
_ sities only becomes available with the accumulation of long-time records of ; 
~~. automatic recording rain-gages. As the automatic gage has been in general — 
‘use for on only a few decades, fiscuiliog-’ for intensity derived in in ‘the early part 
of the Twentieth Century were based on scanty information and should be 


~ 


my The Board of Local Improvements of Chicago, a department of the Muni- 
- cipal Government which designs and builds most of the City’s sewers, 4 


-—Published in February, 1937, Proceedings. 
of Chicago, Chicago, Ill 
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RAINFALL INTENSITIES AND FREQUENCIES 

4 in 1915. It was based on the rather scant information about he 
= of Chicago available at that time. (The Sanitary District of Chicago, / 
separate and independent municipality, builds and maintains 
sewers which camry the weather flow of nei sewers of Chicago and other 
‘City of Chicago, are not 4 as sewers. 4 
The multiplication of gages in recent years and the cervengending ian: increase 7 4 
jn the available data have led to a more complete study of rainfall intensities 
~ and frequencies by the Board than had previously been made, and to the __ 
- search for formulas that would be the basis for more rational and economical — 4. 


ory The study ee the determination of a method for using data fro mn a wl 
number of gages” and investigation of the validity of the station- "year 
method for utilizing such data. Some of the results of that study | are pre- 


sented herewith in an abridged form. 
a ~The hyperbolic type of formula for intensity of rainfall, originated about 
- forty years ago by A. N. Talbot, Past-President and Hon. M. Am. Soe. C. E., " fa 
. has been found to fit the data more consistently than the exponential type. _ 
study includes only storms of 2-hr duration and less, and the formulas: 


“are not intended for longer durations. - However, this time is “sufficient for Pa 
the majority of cases in the design of city sewers. 


__ In order to obtain a sufficient quantity of data on excessive storms, the 


; records of a number of rain- gages in different cities are combined. 
These records give consistent and characteristic curves which afford a basis 


for judging the sufficiency of the lesser number of records which are available __ 


‘The rainfall at any given point results from the operation of a number 
of unknown laws. it a classified, therefore, as a chance event. if rain- 
falls of certain intensities and frequencies do follow a law within limits, the 


 Ontion arises as to how many data are needed to determine such law. The 


‘time records of excessive ‘storms in use long to give the 
desired « quantity of data, and, therefore, some _ method must be used which 


method of approach used in ‘this: ‘paper accepts and classifies 
-: available ‘authentic data of a region or an area having somewhat similar rain- 


fall characteristics and thus" accumulates a number of | observations great a 
enough to indicate a rule or a law. 


‘The: following abbreviations, and letter symbols apply thorough-- 


ta “Intensity”, i, is the rate of rainfall, in inches per hour. 
; °° Sgration”, t, is the elapsed time, in minutes, for the excessive rainfall. ., 


q 


‘ 
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from the same gage for 25 yr, or even for 
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aw “Quantity of ' Precipitation”, da, is the total rainfall, in inches, for r the 


- a ‘Frequency”, F, is the : average time, in years, between occurrences, aay 


oye ig “Station-years” for a number of stations is the the sum of the years of hi 
 reeord for all stations in the. group. ovine holden 


odd | _ “Excessive rainfalls” ’ are those equal to or greater than the smallest 
used in the tabulations. These quantities are: 


in minutes in inches in minutes 


on that “Chance event” , is one in which the determining factors are u unknown 


or are so complex that the result can be predicted only as 


average, if at all. a sition hs ca ct 


OW hen one attempts to find an expression for intensity of rainfall for any 


given frequency for Chicago, several difficulties appear: 


es record of excessive storms is a comparatively short one. 
The number of gages having an av ailable record is too 


(ec) The published records give the quantity of rainfall for successive 
ee -min intervals, and it is only by chance that these may correspond to maxi- 


a — (dy The type of gage in use does not make a correct record of high inten q 


The } published of the U. S. Weather Bureau 5 give 


_ rates of rainfall for durations of 2 hr and less, only, | elie 


ff) A single rain-gage gives a record of the precipitation at one point only, ' 
with no indication of the variation in any direction. It "merely takes a 
sample, 1 ft wide, out of a storm that may have a width of 50 000 ft. —_ q 
A large number o of ‘storms n might pass” over a single | gage 
oad would make a record of the maximum intensity of any one storm. ee. ai 
 (h) It seems that no one has ever installed enough gages to’ show a rea- 
correct picture of an excessive rain storm. Th the Chicago District 
Pa = (see Fig. 1 and Table 1) with an area of about 250 sq “miles, there are now 
(1937) fourteen rain-gages of the tipping-bucket type. The distance between 


them is still too great to give satisfactory storm patterns, although an effort 


has been made to use the available information. rae 
9 These | deficiencies probably explain inconsistencies i in the results of a 


“s specific problem so as to reduce the percentage of probable errors. The addi 
7 tion of more gages multiplies the data each year and increases the points of 7 
application; for instance, in one Chicago Sewer District, comprising 4500 
5 acres, , three gages were installed in 1933 to furnish data for a special study 


q of the District as the entire run-off 5 passes through ¢ a | pumping station ae, 
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RA RAINFALL It INTENSITIES” AND FREQUEN 347 
with alia Venturi meters. It is —_ that some definite r relation may 
: be ‘established between rainfall intensity, impervious area, -rate of run- n-off, 


Fig. 1.—Location or Ratn- -GAGES, CHICAGO, Inu. (Sep Tea 1): 


Fifty-ninth Street and Ellis Avenue 
Adams and Clark Streets 
5932 South Cicero Avenue ~~ 


Mayfair Pumping Station 4850 Wilson Avenue 
-| Springfield Avenue Pumping Station 1747 North Springfield Avenue sits sud 


oseland Pumping Station 351 West One-Hundred and Fourth Street | ; 
Lake View Pumping Station 742 Montrose Avenue 


Evanston Pumping Station 1457 Elmwood Avenue, Evanston ara < 
North Side Treatment Works...........| Howard Street and McCormick Road 
Standard Oil Building 910 South Michigan Avenue 

Electric Sub-station Thirty-first Street and Western 
West Side Treatment Works......... ...| Pershing Road Avenue 
Loyola University Sheridan Road and Loyola Avenue 
Winnetka (Discontinued September 27,| 560 Orchard Lane, Winnetka 


1933) (Now (1937) North B Branch | Lawrence A\ Avenue sand ‘Franciso 


or Maximum to TaBuLaTep (PusLisHED) 


Quanrirmes For 5, 5, 10, 15 Minutes 

The tabulation of excessive ‘vainfall published by the U. S. Weather Bureau 

big iin the quantities 1 for su uccessive 5-min intervals, beginning with the exces-— 


rate. The maximum may occur. one and partly in another 
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4 


the 5-min Wien hen this occurs the do ne not this 
maximum. An examination was made of all the original rain-gage charts 

of the excessive rainfall records for the Federal ‘Building, in Chicago, for 
the 10- yr period, 1919-1928, to find the relation of maximum precipitation 
for selected 5, 10, and 15-min periods to the tabulated precipitation as pub- 
lished. a The results of this study are shown in Column (1), Table 2 . Because 
“excessive rainfall” as “used in this discussion is greater than that used by 
the Weather Bureau, the number of storms shown is materially smaller. The t 
results of a similar study « of these storms are shown in Column ©), Table 9. / 


In somewhat more than one-half the storms ‘the maximum quantities were 


TABLE 2.—RELatIon oF OF Maximum PReEcIPITATION 


greater than» those shown in the official tabulations for the given jatar 


- The inérease averaged from 2 to 3% for that part of the record used for or the 


This record of one gage for ten years: may) be taken as an indication of the | 
failure of the tabulated records to show maximum rainfall for short durations, — aq 
but the data are too scanty to give general ‘averages and no correction factor | 


— 


Rute or THE UNITED Srares WEATHER FOR TABULATION. 


The U. 8. Weather Bureau ‘adopted rules, in March, 1934, relating to the 


SuccwTssive INTERVAL, in Minutes, BeGcInnine WITH ‘me 
— 
Description Storms | in which Storms in which in which 
|classified as} the maxi- jclassified as} the maxi- |classified as] the maxi- 
bus mum rain-| excessive | mum rain- mum rain- 
an ; fall rate by U. 8S. fall rate by U.S fall rate — 
| exceeded | Weather | exceeded ‘Weather | exceeded 
Number of storms tabulated. . Ww 52 18 
t 


4 


tabulation | of excessive precipitation which are expressed by two formulas, 
for the Southern States and one for the Northern States. Table 3, con- 
‘TABLE 3. —Linrrs at Wuicn May Be Consiperep 

| 10 | 15 | 20) 25 | 30 | 35 | 40 | 45 


- ininohes.........., 0.25 | 0.30 | 0.35 | 0.40 | 0. 0.55 | 0.60 | 0.65 | 0. = a ‘ 
~ 
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tained i in a set of instructions issued by the Weather Bureav, explains these 
rules It It is based upon the formula: d A 


in which de is the accumulated < depth, in hundredths of inches; and ¢ is the ne 

z time, | in minutes. For stations in the Southern States (including North Caro-— 
lina, South Carolina, Georgia, Florida, Alabama, Mississippi, Tennessee, 

Arkansas, Louisiana, Texas, and Oklahoma), where brief, heavy showers 

comparatively frequent, the excessive rate, for the eal 


based upon the bia Ne 


i. For a rain lasting 5 min, for example, the total depth in Table 3 would he 
0.40 in; t = 30 min, dz = 0.90 in.; and, for ¢ = 60 min, dg = 1.50 in. ey 
U. _ Weather Bureau provides. that the accumulated depths 
‘are to be ‘tabulated when the fall equals or exceeds the rates determined by _ 
7 Equations (1) and (2) and that all tabulations must show the accumulations 


for 60, § 80, 100, and 120 min, even where the excessive rate. does not con- 


‘The rule for the Northern District applies to to Chicago. However, the 


paper are accor rdance with the ‘definition 


‘given. data published under the new -Tules are more com- 
plete and permit of more accurate analysis inasmuch as the ‘Precipitation 

i for ex excessive ‘storms is. given for intervals as long as 120. min although the ; 
excessive rate may not have continued for that length of ‘on! This was 

i not done in records previous to 1933, and any precipitation occurring within 
the 120-min period, but subsequent to the of excessive rate, = 


The data on excessive rainfall from a single 
th the length of the record giving intensities for short durations 
ceatends ov over only a short term of years, and if storms of long- time fre- 
pesouatl occur in the record, it is difficult, if not impossible, to determine 
their frequencies. The _best way to overcome this defect seems to be to 
- combine the records of several stations and thus to obtain sufficient data to 
treat them statistically. _The idea of combining records of different stations 
in hydraulic studies is not a new one. It was used by the late W. E. F 
Fuller, M. Am. Soc. 0. E’, by A. F. Meyer, M. Am. Soc. ©. E., and by the 
“late Allen Hazen, M. Am. “Wee. C. E.* The data in Meyer’s compilation of 
exestive precipitation . ended with the year 1914. Since then the total data 


available have been more than the publications of the & 


* Transactions, Am. Soc. C. E., Vol. LXXVII (1914), 


#“Hydrology”, by A. F. Meyer, John Wiley & Sons, 1928, 
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there are 10 stations with a 30-yr record for each station, thievia ar 

~ station-yr. A record that occurs three times: in the entire 30 yr ll 

a probable frequency of 100 yr for any one station, or the chance of such . 


_ storm occurring at a given station in any year is 2 in 100. In the same 


thirty times has an average 


cy of 10 and 4 
rd that occurs fine 


has a frequency of 5 It 
the distribution were 
s and if each station n showed that 


a certain record occurred six 
in the 30 yr, the 
1 frequency would be apparent, 


and the record of one station, 


so far as this ‘record was 
wa. concerned, would be as good as o 

STATION YEARS q the record of ten stations, but cls 

the distribution i is not uniform an 

and an average ‘frequency is we 


‘sought. The use of several 


 rain- gages distributed through- an 
id 

the: area consi ered is a 


reasonable method of 
lating: the needed data if the 


record extends over a cons 


(Once in A Given Number of Years) 
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"The curves from’ 
for intensity of the compound 
~ interest law type when plotted 
ale on semi- logarithmic paper are 

straight lines, and, therefore, 

the intensities “any ‘given 
bi ae have a constant dif- 
ference for frequencies that 7 
tines that depart most 


henee, in Fig. 2, the 5-min Tine a 
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RAINFALL INTENSITIES AND FREQUENCIES 


8 “the greatest snd the 


1980, 0. 8. J ‘Ja ,M. Am. Soe. C. E., presented’ chart of frequ 
~ curves on semi- logarithmic paper, which shows the minimum and maximum > 
annual precipitation for four stations, namely: Padua, Italy, 202 yr; Paris, — 
France, 214 yr; Charleston, S. C., 137 yr; and, Boston, ‘Mass., 111 yr. 
~ Commenting on “some interesting and useful relations” ‘regarding periodic — 
i maximum and frequency curves, Mr. Jarvis calls attention to the fact that 
mean monthly or the mean annual precipitation seems to form a simple 
F ‘arithmetical progression, whereas the 1 related time intervals form a geomet- 
progression. His graph* illustrates, for the yearly precipitation, “how 


“nearly the straight-line relation holds for frequency curves \ when they are — a 


~The “nineteen U. S. Weather Bureau Stations for all ‘storms 
occurring in the : years, 1915 to 1932 (several thousand i in number), that were 
t ae as excessive by the Weather Bureau, were examined for intensities _ 


and durations coming within the limits of this study. The records: selected 

ere summarized by classes and added to the ‘Meyer summary for the earlier aon 

years. No correction factor was used for the precipitation corresponding to 

The nineteen stations selected were: ‘Albany, Asheville, N. C, 

a Boston, Mass., Cairo, ‘Ti, Chicago, “IIL, Cincinnati, Ohio, Cleveland, Ohio, 

Detroit, Mich., Dodge City, Kans, Elkins, W. Va., Grand Haven, Mich, 

Indianapolis, Ind., Knoxville, Tenn., Madison, Wis., Toba! Moor- 

head, 1 Minn., Pittsburgh, Pa., ‘St. Paul, Minn., and Yankton, Dak. 
pendent studies and graphs were made for each of these nineteen stations _ 

for the 37 yr covered data (18 yr) combined with the 
Meyer data a9 yr). considerable degree of similarity was found with 
“only ‘such as might be » expected from data of euch limited nature 

Graphs and formulas were derived from. these data, covering the eesti fy 
‘intensities, frequencies, ‘and durations for storms. It was found, 
by plotting the tabulated statistical results on semi- ‘logarithmic paper for — = 
storms of 5, 10, 15, 30, 60, 100, and 120-min duration, that the data 

represented by straight lines, as shown in Fig. 3(a). The precipitation, 
in inches of rainfall, was plotted on the arithmetical seale and the number 

storms e exceeding the given depth of rainfall on. the logarithmic scale. 

Ds The means of class intervals were used in plotting the curves. For example, i. 
on the 30-min graph shown in Fig. 3(a), 353 storms were plotted a 


J 


1.05 in. of rainfall for the class interval extending from 1 in. to 1.10 in., it 
- being : assumed that as many storms in the class interval exceeded the mean 
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ethod of ‘plotting, double points occur on certain lines as on the 10-min — 

tine 4 in Fig. 3(b). The list of excessive storms shown in Table 4 indicates 

a total of three storms for each of the intervals, 1.10 to 1.19 in. and 1.20 to 

1.29 in. The statistical results for the 330 station-yr study, given in Table 

: 4, is typical. The respective class intervals are shown in Column (1) and 

Lo the number of storms shown in Column (18) were the values” plotted for 
~ each class interval. _ The deviation of individual points from a straight line 
a a few hundredths of an inch of rainfall, 
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TABLE 4.—Summary or Recorps or Storms at Ten Stations, 1900 to 1939 
= 
— 
4 
~ 
1 
0,50 to 0.54 17 12 22 17 6 | 136 | 36 
| 5 7 
too 0.79), 4 3 6 
0.80 to 0.89) 0 1 
0,90 to 6.99 2 | 
to 1.09} 0 | 1 0 
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RAINFALL INTENSITIES AND FREQUENCIES y 

between ‘the points plotte 

to Fig. . 3(a), except that the curves are inverted, and the logarithmic scale 

then gives the frequency for any number of years from 1 to 100. bus) ie a 7 
Fig. gives the relation 100 


between frequency and | inten- 


sity for the nineteen stations. 
These graphs were obtained 
directly from the aforemen- 
tion frequency-quantity 
graph by converting the ‘quan- 
tities for the various durations 
- into intensities, or rates per 
hour, : and by plotting the fre- 
quency on the logarithmic 
seale, This chart shows fre- 
“quencies up to 100 yr, but 
as the “data cover 659 


a 
yr, it might be ol Intensity, inches perHour inher 


to extend the graphs to Big. 4.—FREQUENCY-INTENSITY CURVES oF STATIS- 
even higher limit. te TICAL ‘Data; STATION-YEARS, dy 


Although the relation | 


requency, F. in A Given Number veers) 


— 


_ frequency appears to follow 


Was ‘the best form for showing the relation between intensity and duration 
7 ‘for storms not exceeding 120 min of a given frequency. (In Equation (3), © 


. A and b are abstract constants, as explained subsequently under the heading | 


Const tants in the Formulas for Intensity”.). F ormulas of this type were 
“derived from the 659-station-yr data. These formulas were then plotted, as 


if by dots in Fig. 2(a), and furnish a basis of comparison with the 


| 4 
graphs as derived from the statistical data as as shown on. Fig. 4. The points 


we 


a hen hed od Jods fet 
TABLE 5.—Vaariations or Constants IN THE Form oF 


| in Years fua as 


Formulas 
for intensity | 9 
rainfall, 
used in | Nu- } | 


20] 202 | 22] 227 
19} 166 
18 | 157 


ary 


t line each duration, indi- 
cling a ese in the formulas. These graphs give Values” 


to those shown by | the statistical graphs, , except in the case of the 
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. -min . line, and probably the values given by the formula are more n early 
correct for this duration than the values given by the statistics. ~The curves of 


Fig. 2(a) are variations of Equation (8), as defined by Item No. 1, Table 5 


it belongs to Professor Talbot. reply to an inquiry concerning the 
history of. Professor Talbot wrote to writer: on July 31, 1983, 


| “In 1891 when I was Fe ea a study of rates of rainfall as affecti 
_ desirable size of stormwater sewers the only reference found in engineering — 
literature was an article by Professor Nipher of St. Louis in the American 
Engineer, May 8, 1885, which gave a formula for intensity having & CO 
stant in the and the time in the | ‘= — i 
data were limited to St. Louis. ee. 
“The printed reports of the U. gave was rainfall for 
certain time periods, but little or no attention was given to the rate or — 
intensity of the rainfall as such. After plotting the rates against time for _ 
all the data available in the published records of the U. S. Weather Bureau — 
1 7 and for different sections of the Country and for the larger cities, my studies 
indicate that a formula of the form of a constant in the numerator and the 
a time plus a constant in the denominator would best envelop the plotted points _ 
for ‘rare rainfalls’ and another of the same form those for what were called | 
_— fordinary rainfalls.’ The studies further brought out that the maximum 
rates shown by the cmmuntiadbins of data were not greatly different for ret R 
several sections of the country considered (the maximum rates, not their 
& frequency), 2 conclusion quite different from the views then commonly held. 
_ “The studies were published as ‘Maximum Rates of Rainfall’ in The — 
4 Technograph, , No. 6, 1891-92, University of Illinois. This article was repub- 
_ lished in whole or in part in engineering journals and has been abstracted or 
_ referred to through the years in discussions and publications here a 


abroad. - For thirty years hardly a year went by without seeing a -Tefere 


“So far as the form of the formula is concerned, it was devised by me, 
and I have seen nothing since that indicated a prior use by another. Mr. 
Kuichling told me later that he had used a straight-line formula in 1889. 
Mr. Rudolph Hering once showed me the rainfall plots he had made for New 
York City, but after reading my article he had not gone further in the study — 
“Jn the years” s intervening since the publication of ‘Maximum Rates of 
Rainfall there has been a great and valuable accumulation of rainfall sta- 
tistics. It would not be strange if now a new constant or even a new form 
of formula would better fit the data. Naturally I am pleased to learn that — 
the form of the formula devised by me so ed years ago is useful in expres 


= of the hyperbolic. in common use are ‘the Talbot type. 
_ Formulas o: of this type that are used in other cities have been studied in 


> connection with the frequency- -intensity graphs, Figs. 2(a) and 4, 
on hyperbolic paper with varying results. Considerable variation in 


‘and | also 
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quency bas also been found of the exponential type such 


‘Thus far, it has not ormul 

this type would give a frequency for ‘all 5 

490 min. Rectangular hyperbolas fit the data better than any other curves: - 
ad the Talbot type of formula is the — expression | found for them 


re 


Limirarions OF FoRMULA F FOR on Inrenstry 


the hyperbolic type of formula appears to be adapted 
to express the intensity for a given frequency, for excessive storms of dura- 


tions not “exceeding 120 min, it is, from its fundamental 
for storms of long duration, ‘shown by the following analysis. 


gives the intensity or rate per hour for a —-40-yr frequency curve. If it is 


Dp: multiplied by —, the result will be the precipitation, d, for the t time, t. ‘Then 7 


dy x— . +++ (6) 


will always | be less than unity for any value of t and, 


tertore, the value of dq cannot exceed 3.7 in. for any time. ‘When t becomes 


| laree, the change i in dq is small for ‘successive changes in f, as shown by the d 


As the rainfall in 10 hr, or 24 hr (600 min, or 1440 min) may greatly exceed 
the corresponding values shown for dy Equation (6) is evidently not 
applicable for the longer durations. 


7 GR formula. for depth of rainfall. was derived as a function of log-time 
which fits closely the data used in the hyperbolic formula (Equation (3))_ 
from ¢ = 10 to ¢ = 120 min and does not have the defect of — amaxi- 


oth the case se of the 40-yr frequency, was: 


da = 1.89 log t 
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‘RAINFALL INTE! NSITIES AND AND FREQUENCIES “7 
The hyperbolic form is aw for computation and is the one peter when 


- After analyzing | the data for the entire nineteen stations results were 
examined, to discover the stations | having characteristics similar to 
Chicago pail Usaha _ This was done for the purpose of securing data that 
corresponded most closely the Chicago conditions, i in order to amplify 
limited records available locally. The ten stations were: : Cairo, Ill., Chicago, — 
Tll., Cincinnati, Ohio, Detroit, Mich., Dodge City, Kans., Indianepelia Ind, 
Knoxville, Tenn., Memphis, Tenn., ‘St. Paul, Minn., Yankton, ‘S. Dak. 


ro After selecting these stations an independent seal. of the records. of de 


ae and the excessive storms were tabulated as shown i in Table 4. Similar. fabley 


which are not shown, were prepared for the studies for 659 station-yr, and for — 
Chicago. Graphs were made the graphs prepared for 
station-yr in the preliminary studies. 
It was found that the use of the data for storms of low intensity a ded 
kk little to the value or the accuracy of the graphs. " In general, Table 4 includes 
only” storms: having intensities equal to or greater than those indicated in 
the definition of excessive storms. These intensities include all frequencies — 
likely 1 to be of interest to the designer of ‘storm Sewers” for the reason that: 
sewers § should be designed to provide’ for ‘storms of greater intensity than 
“those likely to occur once a year or 
Fig. 3(b) shows the statistical data foe ten stations for the years, 1900 
to 1932, inclusive, or a total of 330 station- -yr plotted on semi- “logarithmic — 
paper, with the depth of rainfall shown on the arithmetical - ‘scale and | th 
- number of storms on the logarithmic scale Fig. 3(b) ‘corresponds, for the i 
stations, with Showing» the nineteen stations, and is similar in 
_ the relative position of the graphs. than 1800 ) excessive were 


tabulated and studied to make the chart for ten stations. Rab to oe 
2(b) shows graphs 330 | station- plotted from 


‘stations. With the sonentbien of the 5-min and 10-min lines, the graphs fit the e 

“original data so nearly that they are practically coincident. From the formulas 

(Equation (3), and Items Nos. 1 and 2 in Table 5), the 5-min line is probably 

more nearly correct than the original data, as it gives larger values, The 

| equation: for the 60-min curve on ‘this. | chart may be written in two forms: on 


n which e is the Naperian curves of Fig. 2(b) are variations of 


i 


+e Uv. S. Weather Bureau for the 33 yr from 1900 to 1932, inclusive, was made 
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— "RAINFALL INTENSITIES AND FREQUENCIES 


Invewerrr FOR 330 Sranion-¥ EARS (See Fic. 
ae _ Any curve that appears as a straight line on semi- eer: paper 4 ; 


=k 


frequen, and, i, “the intensity, for y and 2, (20) 
Taking valass of i i from the curve for the 60-min storm (Fig. -2(b)) when 
P= = = 100 }and F = 1 and substituting them i in Equation (11): 100 = a 
and, 1 = ke Then, converting to the logarithmic form: 


log 100 = log k + 3.03 log 


A 


an 


r= —— = 2.30; substituting this in 


ay, and solving simultaneously : log k = — 1.03 = = 8.97 — 10;k = = 0.0933 ; Y 


= _ 0933 = = lo 1.08. 


also be ‘obtained by inspection | of Fig. 2(b). e equation for 
other line on Fig. 2(0) can be obtained in a similar manner: 
te 0.57 + 0.61 log F.. 
og + 0. 0.70 0 log F. cle 


= 1.03 + 1.00 log 
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log F = log 0.09383 + 2.3 2 log e....... — 
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The constant is the of the intensity f for the 1-yr frequency and 
 eoefficient of log F is the 10-yr intensity minus the constant. As the loga- 
rithm of 10 is 1, it is apparent that the value of the 10- bye intensity is the 
sum um of the constant and the coefficient. 


The methods of apron the nineteen stations and, later, the ten stations 


o 


a 


s&2 


& 4 


= rain- gages in the Chicago District furnished records that might be 
7 aot combined with the data of the Weather Bureau Station, to give re charts based 
on nearly three times the statistics of the single station. Thirteen rain-gages — 
of the automatic type furnished the precipitation | data for the » City of Chicago 


used in this : study. ‘The location 0 of the ; gages is shown i in Fig. 1 and Table 1. 


Ss S & 


— 


o (six 
7). of the gages, although not t ideal, is still fairly ; 
as may be seen by reference to the outline map of Chicago in Fig. 1. Bes: 
ba i, Three g gages were established in 1933. . Five gag gages have records” ore | 
a in 1926. _ The records of excessive precipitation from two of the automatic — 
gages of ‘the Federal Government extend back to 1919 and 1900. eS is quite 
possible in combining these records that too given 
records of recent years, but there is no obvious method for balancing ee 
7 defect except by adding new data as they o occur. — Seven years of oe 
with the present number of gages will about double the data. St = ae ee 
The official station (for observation purposes) of the U. “Weather 
/ Bureau, in Chicago, was on the United ‘States Court House (formerly the 


Federal Building) to 1926, when the official station was moved. 


rn 


ion (for observation purposes), although it had been 
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Station. Following the procedure previously described for the nineteen | 
——— Dy _ stations, a chart was prepared with graphs showing storms from 5 to 60-min 

duration. hased on the statistica) data for 9 nerio of 32 Vv which were all _ 
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RAINFALL INTENSITIES AND FREQUENCIES 
off 
in as an unofficial station of the Weather since 1916. The 
station on the U. S. Court House has been continued, but its records | sabe 
not been since 1925. Be wl wih Deva 


| 


shows: the statistical data for ‘the combined o of two 

- Weather Bureau gages, and the several gages maintained by the City of 
Chicago and the Sanitary District of Chicago to the end of 1933, amounting _ 
to 107 station-yr. The longest record for one gage is for 34 yr. . Ke 2(c) 
; shows frequency-intensity graphs for storms from 5 to 120-min duration, © rn 

based on formulas derived from the foregoing statistics. The plotting | of the 
a | in this case shows the same consistency | of the points on the lines © 
me the relative position of the graphs that was shown i in Figs. 2(a) and 2(b). 


The curves of 2(c) wy of Equation (3), as defined by Item 


~The Talbot formula, Equation (3), is a special form of the general « Ls 7 y 
“tion ty = k, representing a rectangular hyperbola. Since the value of xz 
varies as a hyperbola, the locus of the equation should be a straight line 
when plotted on semi- -hyperbolic paper, , that is paper graduated in one one 
dimension on an arithmetical scale and in the ‘other dimension on a hyper- 


an | failed to any paper r of suitable size 
:" the market, paper of this type was prepared. _ For the purpose a form of 
‘hyperbolic paper of letter-sheet size was prepared with the hyperbolic 
| seale covering 10 in. and the arithmetical scale, 7 in. The hyperbolic scale + 
_ is derived from the formula for a rectangular hyperbola. In this case the 4 
base line equals 10 in., , and the divisions from the e right-hand margin are equal © 
to ten times the teelesosshe of the numbers from 1 to 10. For example: The d 
van 5, is ten times 4 = 2 in. from the margin ; : the line, 2, is ten times 3 
= 5 in. from the margin; the value of the line at the left margin: is 1, 0; 
value of the line at the right margin is infinity. 
of the form, zy = = k, which includes | equations for of 


appear as straight lines on this paper. Ithas 


= 1 = 10; and a range for = 0 to t = = 


“i Fig. 5 shows, on semi-hyperbolic paper, the intensity-duration relation- — 
ship for storms varying in frequency from 2 to 80 yr as determined by - 
the formulas derived from the studies for the ten stations previously men- 
re tioned, including 330 station-yr (see Table 5). The frequencies shown, for 
P= 5, 10, 20, 40, and 80 yr, are in a geometrical progression ; the 2-yr fre- . = 
3 quency is an exception. The graph for the 10-yr frequency is pry 
tween the graphs for the and and the graph for any 
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erm in dies geometrical ‘progression lies midway between the graphs of the £ 
The application of this” relationship for ‘interpolating inter- 
mediate feequencien and for deriving formulas will be discussed subsequently, 
“a The intensity curves on hyperbolic paper are best adapted for use in p pre- 

paring sewer designs. The range of the charts is sufficient to include all 

except the larger sewer projects. Curves are given for five or six different 


frequencies and for durations of as much as t = 120 min with 2-min intervals, 4 


ven Number of Years) 


wary 


Graphs for other ee than those shown, can easily be added if needed, : 


| Frequency, F, (Once in A 


AN : 


‘Fie. 5.—INTENSITY-DURATION GRAPHS; 330 STATION-YEARS (SEB ‘ane 5, Item No. 
brief examinat rtance of the 
element. of 10 min in the estimate of the concentration 
a al period, a as from 50 to 40 min, may be the ‘equivalent of changing from a 5-yt 
_ frequency to a 10- yr frequency; for example, the intensity for a 5-yr el 
quency is 2 in. for 50 min, and 2.33 in. for 40 min, the latter being. tam same 
as the intensity for a 10-yr frequency for 50 min, es 


THE Constants: IN THE ForMULAS: Int 


constanté in for intensity were found originally | by trial 
—* make the formulas fit the values in the statistical data. This is easily 
with the slide-rule. They may also be found by solving Equation (3), 
(a using the values for i and ¢ that are obtained from the graphs of the statis- ‘ 
tical data (Fig 3). ‘After the were determined for the various fre- 
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* | 
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a 
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— d denominators on semi-loga — 


 F, (Once in A Given Number of Years) 


100 125 150 175-200 10 15 20 25 20 30 40 50 60 70 80 90 
Numerators (Accumu- Denominators (Dura- Duration, t, in Minutes 
lated Depth, d,, 

Fic. 6.—CONSTANTS IN INTENSITY Fic. 7.—FRequency > 
Formvas, 659 STaTion-YEaRs. THE INTERPOLATION OF FREQUENCIES. 

used in the denominators are close to a line with very slight” 


All the constants in these formulas are whole numbers, as it seemed that 


of the graphs the approximate values of. the constants in the formulas for 


the introduction of fractions would be a needless refinement. By the use 


= desired frequency from 2 to 100 yr may be enna, and formulas for the - 


method for interpolating frequencies on a chart of 
rainfall intensities for the ten stations, is shown i in Fig. 7, in which intensity _ 
Hines are drawn with frequency a and time as the co-ordinates. In other wo words, 
- is a frequency-duration chart for various intensities. The pointa were : 
found by solving for time in the ‘intensity, formulas for the several fre- 
quencies with assumed intensities from 1 in. per hr to 3 in, per hr. These 
points, for frequencies of 5 yr, or more, when plotted on the semi- ct 
- Paper give a ‘straight line for each intensity; f for example, if it is desired 
to interpolate on on the hyperbolic chart, Fig. 5, ‘a line giving ‘the intensities 
for a frequency of 15 yr, two values should be found for the time for that 
tenes, using different intensities. For an intensity, i = 3, Fig. 7 gives 
the time, = 39 1 min, and for i 108 1 min. This permits the plot- 
_ ting of two points on the 15- wr line on the hyperbolic chart (Fig. 5) Los 
_ the drawing of a straight line 
sities es for any time up to 120 min. 


vit 


he ’ Fig. 6 shows the constants used in the intensity formulas applying to the — 
t- [data for nineteen Weather Bureau stations. The values for the constants noe i ee 
ly. §& in the numerators lie on a straight line with one exception and the values  & 3 So oe 
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RAINFALL TENSITIES A 
‘The adopted in 1914-15 for use in was of € 


curve hyperbola, but it is not a true » hyperbola. The intensi- 
nae computed from it have been plotted on ‘the frequency intensity chart 


for the Chicago District and are shown by the curved line in Fig. 8. This ' 


tions of 15 and 120 min, and it is not for : storms of durations. 
Constant Ratio ror Frequencies Inrensrries Increase By a Fixep Sum 


characteristic of any formula which plots asa straight line on semi- 


logarithmic paper, is that adding a fixed sum to the intensity will multiply 
oat the frequency by a fixed sum. In other words, successive additions of ¥ 
fixed sum to the intensity will correspond to frequencies: with a constant 
or atio. . As ‘an example, consider the following quantities picked from the 


 60-min frequency curve for 330 station-yr: 


in inches ‘ears 


4 In each case, the | ratio between successive frequencies i is consistently 4. ms beside 
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i th 
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RAINFALL INTENSITIES AND 865 
Ratio or Darras OF RAINFALL (AND NTENSITIES) FROM Curves 


EARS 
able | 6 shows depths of rainfall for storms of 1, 10, inti 100- -yr frequency — 7 


‘the computed ratio of the depth corresponding to a frequency higher than the - 
“tio for the next lower frequency. The precipitations for durations 
‘are shown, but the intensities will have the same ratios§ = sa PY 


TABLE 6- —ComParison OF Freguexcy Sruvies 


* 
itt ir | inches il inches Ratio 
| | ® | ® | 


1.42] 1.44 
162) 


equation wach as, 


- 
will not fit the data i in “Table 6 because F, with a constant exponent, ‘indi- | 
cates a constant ratio of the intensities for all durations when the frequencies _ - 
c are in a geometrical progression. The ratio of intensities actually increases a 
‘ = the duration and decreases with the frequency in ‘Table 6. APC wane 


oF Curves By sy Geomerric Mean 

Charts on hyperbolic paper that if the frequency lines are ioe 
geometrical progression they will intercept a given intensity line with equal 
f: intervals (time) between them ; ‘for example, the 10-yr frequency line in Fig. 5 
erosses the 2-in. ‘intensity line half. way between the 5-yr -yr and ‘the 20- yr 
_ frequency lines. Similarly, the line midway between the 5-yr and 10-yr Hines 
¥ have a frequency of 7.07 yr, which is the square root of 5 X 10, , and 


the line ‘midway between the 10 and 20-yr -yr lines will have a - frequency < of 


(14.14 yr, is the square root of 10 x all A progression 


= 
gz-a+t+ar+ar + ar + or ar* 


in which a = the first term; r = the ratio; and n= _— saab of tern 


Th The << of ee last term to the first term Last term term 


1s: 
"esi a 


for durations of 5, 10, 15, 30, and 60 min, taken from graphs; it also shows 


Pa 


— 
of — 
of 
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j 
| 4 a 
4 1.50 | 1.63 | 1.70 | “1.79 
— 
| 
ira- 
— 
uM — 
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Then, for the interpolation between = 10, 10, or = 10 and 20: 


are Solving a 5- term series for three intermediate frequencies between 5 and 
10 yr gives lines for F = 5.95, 7.07, and 8.41 yr, equally spaced. ‘These 
ova values may be found by taking square roots, but. when the exact positio on is uM 
required for an integral it is generally find 
often The integral numbers, 5, 6, 7, 8, 9, and 10, apparently, are terms in - 
arithmetical progression, | but they are also approximate terms in a geometric 
progression that has a large number of terms (say, 1001). Applying this 
method it is found that the a for the frequencies, P= = 6, 7, 8, and 9 
- will be, respectively, 26. 3%, 48.5%, 87. 8%, and 84.8% of the distance between 
the 5-yr and Intermediate integral — 
and 20 will have the same proportionate spacing. 


ENCE IN Tos Wares Ai Aus m IN | 


- i No. 2) that were derived from the chart showing the dete for 330 ae 
eres solved for the time with the same assumed intensity, it is found that 


inp 
the differences i in time or in duration are constants | for each intensity 
~ when the frequencies are in a geometrical progression. This is also true 


=a within narrow limits for the corresponding formulas for intensity for wll 
Chicago This” characteristic indicates. a possible method for draw- 


Inrensrry oF RAINFALL, INCHES PER Hour 4 1 


Time, ¢, in Time,t,in] Differ- | Time,t,in| Differ- | Time,t,in| Differ- 
¢, At {| minutes | ence, At | minutes | ence, Af | minutes | ence, At 


to 


a Table 7 gives valuon of A At from the ‘formulas for 659 station-yr for fre 
quencies of 20. 40, and 80 yr (see Table 5, Item No. 1). From inspec 


At= 


¥ 


366 INTENSITIES AND FREQUENCIES 
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= 


25 — 2 23 and, if i i= 4 in. per hr, At = 25—4 __ 21 


The differences are constant: for a given when the frequencies vary 


The following conclusions are indicated by the foregoing arguments: 


(1) The statistical ‘method which combines station-years affords a i lleal 


studying rainfall data which "gives Teasonably regular and 


pit 
(2) Semi- and hyperbolic Papers are | t 


rainfall. ot t i alt lo ania 


ve _ (8) For the shorter - durations, the inlet time is an important: factor i in the > 
time of concentration, as suggested in 1 the comment on Fig. 5. Studies 1 to 
find its probable mean value are desirable. babes 
& Formulas such as ‘Equation indlente that when the durations are 
oe é a geometrical series the differences in rainfall values are a constant. 
suggests a method that may be useful i in a study of storms exceeding 1 120 min. x 
Fig. 5 indicates that when + the frequencies are in a geometrical series the 
f differences in durations for * given intensity are constant. These relations” 
would seem to be “more than coincidence may | te of 


> 


For the | 5- and the 10- “yr frequencies a close of similarity 


certain ie a single g gage. average ‘intensity over a 
of course, is less than the ‘maximum intensity. r ratio of this aver- 


vo ab that should be used in sewer design, although pence As a ‘matter 
economics, are actually a matter of judgment based on experience. 
8 A study should be made of the relation of average intensities to a 
“maximum intensities of rainfall on small areas, such as may be used in sewer 
design, ‘say, 10000 acres. This would require a considerable number of 
gages spaced in 1 a regular pe pattern so as to permit the drawing of isohyetals 2 
and the computation of average depths of rainfall. It is believed that the 
graphs give values for areas” that are comparable with the 


8) The values the for the Chicago Dis- 
ae! have greater statistical foundation and appear to be more : reliable than 
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er “needing further investigation. One of the methods suggested for a 
er this difficulty in sewer design is the use of a frequency which varies > a a 
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RAINFALL INTENSITIES AND FREQUENCIES 
‘any curves guoviously ‘used: hy. the: Based of. Improvements, 
Chicago. These charts are now (1937) being ro the engineers of = 


- Co- epetion and cians in the work o outlined in this 1 paper have been 
given in various ways by the following: The Sanitary District of Chicago, ; 
. through the members of its Engineering Staff (Philip Harrington, Chief 
Engineer, oO. L. Eltinge, M. Am. Soe. C. E., Engineer of Sewer Design, and 
L WwW. Hall, M. Am. Soe. C. E,, Hydraulic Engineer) ; Weather 
Bureau, by Ww. Gregg, Chief of Bureau, WwW ashington, D.C, a and 
Donnel, Principal Meteorologist in Charge, Chicago, Ill.; Loyola Univer, 
Chicago, by its President the Rev. R. M. Kelly, S. J.; the City Engineer 
— of Chicago, the late Myron B. Reynolds, a , and the Water Purification Divi- 
2" sion of the City Engineering Department; the late George C. D. Lenth, Mu 
Am. Soe. C. E., Consulting Engineer, Chicago; T. S. Ford, Assistant Chief 
Engineer, Board of Local Improvements, and A. L. Appelianin’ Junior Engi- ns 
neer; and A. N. Talbot, Past-President and Hon. M. Am. Soc. ©. E, as 
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COCHRANE RAINFALL INTENSITIES AND FREQUENCIES 


DISCUSSION 


Victor H.C OCHRANE,’ M. Am. Soc. C. E 
results obtained by the authors ‘investigators 
that the hyperbolic, or Talbot, type of formula is correct for precipitation 
lasting two hours or less. For some years the writer has made use of a 
formula giving the intensities of precipitation for various periods in 
— of I, the precipitation in 1 hr. If in a given case, J is known or 
assumed, the proper intensities for ‘other, periods from 5 to 120 120 min may be 


ia t + n 


in which “constant depending upon the frequency, 
1. It m 


varies from soprosimately 8 for r= = 100 to about 12 for F - 
26) 


= 


Combining Equations (25) and 26): 


= 10, an “average value. In case ‘it is desired to use >. 
of of for which the frequency value of 


may be - used for practical purposes. 


— 


Equats Once Everr: 4. PRequencr Equats Once 1n Every: 


Equa- | Equa- “oo Equa- | Equa- 
tion tion tion tion tion 
(18) (27) { q (27) (18) (18) 


Equa- | Equa- | Equa- | Equa- 


In minutes 


liapsed time, ¢, 
minutes 


i Table 8 shows comparative results computed from Equations: (18) — 


(27 ‘The fact ‘that fit rainfall data covering sho 


— 
ago, 
hief 
ther .—l 
heer 
hief 
a 
4 
| 
! whe | 
I= | 134) 1.34) 2.03] 2.03] 3.03] 3.03 |] 30.....] 2.28 | 2.23] 3.26] 3.24] 4.72] 4.70 
..... 110.0 ].....] 8.0 |] 18....:] 3.997 3.38] 4.60) 4.68] 6.47] 6.80 
|] 3-93] 3.99] 5.35] 5.38] 7.38) 745 
0.75 | 0.75 | 1.18] 1.16] 1.79] 1.77 5.....] 4.86] 4.98] 6.43] 6.44] 8.68] 8.73 


periods suggests that a formula giving flood flows from smal] water-sheds oof ra 

LeRoy K. Suerman,§ M. Au. Soo. | Cc. E. (by letter) Rainfall ‘data are peal 

sential for the design: of sto sewers and many other works, Analysis is 

and interpretation of the data are of equal importance. The utilization the» 
of ‘station- “years | in statistical methods, _ where such stations are near (762 

isohyetals: for the same rainfall durations ‘and frequencies, appears to be 

sound, Stations with» materially different precipitation _ characteristies, 

such as as Chicago, | Ill., and Nashville, Ten should be grouped together, 
Stations, such as St. Paul, Minn., Chicago, and Central New York State, 4 gs 
all near the same isohyetal, may properly be placed in the same group. oy oh 

authors g give preference to the hyperbola type of curve” to express 

sainfall relations. Others who have made similar studies prefer the 
ae. exponential type of rainfall equation. . In so far as the mathematical | gs 


— 


expression closely fits the data, the form of ‘expression. is relatively 
: . The form which fits the widest range of observations is frequently | 


An examination of a large number of ‘automatic rain- -gage records in : 
District of Columbia” showed few instances of even approximate uni- 
form rainfall rates for periods of 30 n min or more. A fair average rainfall 
pattern was triangular in form, with time duration as the base and the 
rate at twice the average rate. These rain irregularities: are partly 


“jzoned- out” on on large areas during ‘the time of run- -off. Does the same 


po 
small urban areas? authors’ diagrams show that 2 in. of 
rain may fall during 1 hr: fh 1. 3 in. in 20 min, and 0.7 in 40 min. ae tas 


The rational method is 1 now commonly used to estimate run- -off 


severed areas. The average hourly rate of rain for the period of concentra- 
used. Tt is ‘pertinent to find what, any, | ‘difference in run-of 
exists under the assumption of the average and the actual rates of rain. ¥ 


Pg 


3, 


tee 


writer has determined this for a particular case—a_ "severed area 
420 acres in Evanston, IIL, ‘north of Chicago. The run-off character: 
istics of this area are given in a paper by S. A. Greeley Am. Soe. C. hd 
writer thas derived the typical percentage distribution of run-off = 
this area so as to conform to Mr. Greeley’s time-run-off data. He has. pia 
applied own unit hydrograph method’ » and | come, method as 
improved by Merrill M. Bernard, M. Am. Soc E., and 


Horner, M. Am. Soe. C. E., and F. L. Flynt,? Assoc. M. Am. Soe. E. 


A 10- -yr storm for 50 min was taken. . By ‘Fig. 5, the average intensity s 


Bez. 


®“Blimination of Pollution of ‘reek, August 1935”, by L. K. Sherman and 
a Ww. W. Horner, Members, Am. Soc. C. E., Gov't. Printing Office, Washington, D. C. samt the 
Journal, Western Soc. of Engrs., September, 1918 also, of Sewers’ 
“Runoff from Rainfall by the Unit Graph”, News- Record, April 7, 1932. 
“An Approach to Determinate Stream Flow”, Transactions, Am. Soc. C. E., Vol. 100 
Between Rainfall and Run- Or from , Transactions, ‘a 
Soc. 


Am, Vol. 101 (1936), p. 140. 
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Ke SHERMAN ON RAINFALL INTENSITIES AND 


as rain “per — for 50 min is 2.84 | in., or a . total of 1.95 in. The initial — 
a infiltration loss was taken at 0.45 ne Under these conditions, the —_ j 
rate of run-off, by the rational method, is 755— eu ft per sec. The © 
run-off for this same case, computed by the unit -hydrograph method, 
practically y the same (762 © cu ft per sec) as shown in Table 
the rain is continued beyond the time of concentration, the run- fase yate 
cu ft sec, in (8), Table 9), will 


or Run-Orr, Incues | Run-Orr 
wt 
(6b) (6c) (6d) 


in 


le 


A RAINFALL, IN INCHES 


Percentage, 
ution of rainfall 


Elapsed time, 

10-min. interva 
_ In =| 

feet per A 


a 


| 0.30 | 0.30 | 0.30 | 0.30 


2 


100 ay .31 | 0.81 
‘4 


ak run- -off for this non- “uniform r rate of rainfal wl is r 
ue to uniform — 
"One may - conclude ‘that, for a given or a rate of loss, 
the rational method will forecast the minimum ‘Tate of run- -off ‘correspond- 


ing to the storm duration and frequency. On large ‘natural areas, with 
_ hed roducing storms lasting for several days, and where two-thirds of 


“ted duration- -intensity- frequency, | such 


lt 
= 
are 
hall 
. 
ear 
| is 
| 
a | 
m — 
| | 0.09 0.8 | 810.024) | | | | 0.028 
in 0:30 | 0:09] 0:3 | 19 | 0.057 | 0.024 | | | | | 
0-89 0.09 | 0.3 | 28 | 0.084 | 0.057 | | |... 0.165] 419 
4.......] 0.39 | 0.09 | 0.3 23 | 0.069 | 0.084 | 0.057 | 0.024] ..... | .... | 0.234 4 
0.89 | 0.09 | 0:3 | 15 | 0.045 | 0.069 | 0.084 | 0.057 | 0.024 | | 0.279| 708 
| | | | 0.021 | 0.045 | 0.069 | 0.084 | 0.057 |0.024 | 0.300 | 762 
the | | | | 0.021 | 0.045 | 0.069 | 0.084 [0.057 | 0.276 | 701 
1.95 | 0.45 | 1.50 v.30 10.30 | 1.8000] 
0.22 | 0.08 | ©.18 | 19 | 0.0067] | | | 
| 0.09 | 0.31 | 28 | 0.0364) 0.0247/ 0.0248) | | 0.0359) 218° — 
of 4.......10.90| 0.09 | 0.81 | 23 | 0.0299) 0.0589) 0.0648) | 0.1900) 482. 
0-21 | 0.09 | 0.12 | 15 | 0.0195] 0.0299| 0.0868) 0.1539 0.0006] | 0.2997] 760 
| | | 7 | 0.0091] 0.0195] 0.0713! 0.2268] 0.0228] | 0.3495] 890 
| | | cons | | 0.0008] 0.0665) 0.1863] 0.0880] .... | 0.27681 700 
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easing the size of the sample of excessive precipitation data for antes © 

i hort duration (not exceeding 120 min) is ; described in this paper, Me 

pone agrees - that there is no single station record long enough to give 


what may be regarded as a fair sample o of the total “population” of such 


data. any statistical of chance events the methods of statistics 


It may be a debatable question whether it is permissible to combine 

re records of st stations widely separated geographically, unless the rainfall 
characteristics are e similar in other respects. i As an extreme example, one ‘ 
would scarcely feel justified in combining the record of a station in | 


"TABLE 10. State OF Kansas 


Af 

Division 7 coefficient | of the minimum | of the maximum 


0.0 
0.85 
49 


(where the warm southwest monsoons from Indian in 
contact with the Himalayas from 400 in. to 800 in, 


It does seem to combine records from a small | area, ‘such ; 


preven are similar over the writer has 
done for the State of Kansas. There is difference in the rainfall 
characteristics of Eastern Kansas when compared with the western part of 
the State. The average annual rainfall varies from about 174 in. i in 
Longitude 101° to 40 in. in the southeast “corner of the State; but. the 
‘time of occurrence is similar, being greatest in the warm monte, 
regards 3 annual rainfall, of variation and the of 
- | om are not greatly different for the eastern ‘as compared to the western 
7 part of the State. Fi or eighteen stations in the Eastern Division, thirteen — 
in the Middle Division, and eleven in the Wes stern Division, the average 
7  coeficient of variation, the average ratio of the minimum to the mean, and — 
the av erage ratio of the maximum to the mean is as shown in Table 10. Thus, a 


"ial that the annual rainfall is less and ‘more variable in the western — 


- part of Kansas. The differences in the statistical parameters, however, are 
not great. x monthly distribution is similar over the State, althouga ' the 


total depth, month ‘by month, is greatest ‘near ‘the eastern border. 


_ of excessive precipitation for the five U. S. Weather Bureau stations within x 


the State, together with Kansas City, Mo., which is vel the eastern border. 
of the records included in the study are: Concordia, 1908 to 


assume that an unbiased sample is available. _ The authors are to be 
for a fine contribution to a difficult and important subject, 


In view of the foregoing, it seems permissible to combine the records | 
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‘TABLE 11.—Frequency or Excessive Preciprration 


— - — _ 
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Topeka 


City 


Inches of 
rainfall 


| rainfall 
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Aansas 


Wichita 
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ON RAINFALL INTENSITIES AND FREQUENCIES: 

19295 Dodge City, 1392 ‘to 1929; Iola, 1906 to 1929; Kansas" ‘City, 1899 
to 1929; Topeka, 1899 to 1929 ; and Wichita, 1903 to 1929— —a total of 167 

- sation yr. These data include all storms for which the depth of precipita- — 

tion is equal 1 to or exceeds the quantities given by the authors in Table 3. 

From the records the frequencies in Table 11 ‘were compiled. values 

given in the left-hand column, “ ‘Inches of Rainfall,” are the central values — 
of groups; for example, for rainfall of 5-min duration, the depth, 0.275 in. 

- includes all values from 0.25 in. to 0.29 in., 0.275 in. being the central value A‘ 
‘From the d data in Table 11 the us usual statistical parameters were -eal- 

for each station separately, with the ‘result shown in Table 12. 

a 


fa The remarkable agreement among the sotiegl stations, for the several dura- 
in as regards © the mean and the coefficient of variation, indicates that 


TABLE 12.—Excessive Precipitation Kansas, 


ay 
= Mean intensity, in inches per per hour; coefficient variation; 


= a 
a es Co 
“ 15min. 
0.39 | 1.93 


= 


City 


| 


Kansas City.....| 3.06 0.37 | 1.15 | 2.54 0.39 | 1.68 
Rae 3.09 | 0.43 | 2.31 | 2.57 | 0.39 | 1.86 | 2:19 | 0.39 | 1.55 
3.04 | 0.33 | 0.89 | 0:33 | 1104 3:16 | 0.33. 1216 
3.07 | 0.41 | 1.45 | 2.53 | 0.42 | 1.53 | 2.29 | 0.39 | 1.28 
ebb 3.19 | 0.37 | 1.42 | 2.65 | 0.39 | 1.31 | 2:29 | 0.42 | 1.51 
2.96 | 0.37 | 1.23 | 3.92 | 0.80 | 1.96 
Baiiks asa 3.07 | 0.38 | 1.41 | 2.55 | 0.38 | 1.43 | 2.23 | 0.38 | 1.44 
Mave’ 2.00 | 0.41 | 1 0. “| 1.58 1.57 0.48 | 2.12 
38 1.52 | 0.37 | 1.54 
0.38 | 1555 | 0.37 
0.35 | 0.88 1.67 | 0.36 | 1.64 
0.38 | 0.96 | 1.77 | 0.46 | 1.42 
0.35 | 1.02 1.78 | 0.39 | 0.55 — 
0.38 | 1.18 | 1.64 | 0.40 | 1.46_ 


(2.06 | 1.45 | 0.47 | 1.02 


data for the e several stations are comparable. The somewhat 
variation in the coefficient of skew is not particularly significant consider- 
- ing its Telatively large probable err error when the coefficient is large and the 
be The coefficient of skew for the Kansas City data is ‘greater than the 
average of all the stations all those of 5 min 
min, This is the e 


Unusual . 


+ & val” 
4 
— 
— 
| 
— 
‘ 
- “a 
— 
— 
| 
Topeka. 
1.51 | 0.41 | 2.36 1.33 | 0.38 | 1.34 
4 


a hen the —s a the stations are combined the result g given in Table 
Bis obtained. A typical histogram and frequency curve is shown for the 
a, -min duration in Fig. 9. The frequency curve is fitted to the data by | 


‘TAB LE 18 —E ; Su MMARY OF SraristicaL 


Average 
Duration, Coefficient | 


Ca 
fa 


Intensity of Rarnfall in Inches per rtour 


é 


: 
he average intensities, i (Column (3), Table 18), and the average 


values, Cy = 0.386 and eo = 1.55, the ogive curves, Fig. 10, were constructed 
a by the use of Foster’s skew a _ | The “ raw” data for the 5-min duration 


Mean = 0.254 Inches _ 


x 
.—EXCESSIVE PRECIPITATION IN Kansas: INCHES oF RAIN 


in 5 Mrxvures; U. 8S. WeaTHer BuREAU STATIONS. 


Transactions, Am Soc. C. E., Vol. LXXXVII (1924), p. 148. 
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is compared with the ogive curve obtained by the use of Foster's skew 


factors, and with the curve obtained by the use of Pearson’s ‘Type III fre- i 


curve, in Fig. 11. No comparison was made with the “raw” data 


Intensity of in Inches per tiour 


9 98 7 90 80 60 50 a0 30 «20 
Percentage Chance that Intensity wil will be Greater 


for the other durations. labor of computing the ogive curve 


of Pearson’s equation is prodigious. An examination of the method used by 7 : 


Foster”, , in deriving his skew factors for the Type Ill curve, leaves one wi 


Raw Data 
Pierson's Il 
ew 


Foster's Ske 


30 40 5060 70 8 9% 


factors, will agree closely with tha from equation, as 
does for the 5-min duration. 


ions, Am. Soc, C. E., Vol. LXXXVII (1924), p. 159 ef seq. 
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for his Group a sag Ww the results f from the 


that it has a 1% chance occurring. is some danger 


recorded once in 100 station-yr it, therefore, has a frequency of once in 


a 
‘JONES ON RAINFAL L INTENSITIES AND FREQL ENCH 


18(a) to 18(g) yield results” which egres closely with Meyers 


in assuming that because a certain maximum intensity has s only been 


: 100 yr. At Topeka, for the 5-min duration, an intensity of 6.9 per hr was — 
experienond only “once prior to 1920. In the interval , 1929 1935, 
-clusive, an intensity of 6.9. in. per hr was experienced once, and an q 
e intensity of 8.0 in. per hr was _ experienced once. Thus, ‘Prior to 1929 


aoe of 6.9 in n. per hr had a a frequency o of ‘once in 30 y yr, but by the end ot 


a 


1935 that intensity had a frequency of once in about 12 yr. Of course, by — 
taking a large number of station-years such absurdities are “ironed out”. 1a 
It would seem em to be more logical to apply the: methods is of statistical 

analysis to chance events, and some statement involving the term, ‘ “per- 


.- centage chance”, would be preferable to the term, “frequency” » as commonly a 


‘used. To illustrate, there are on the average a gree four excessives per 
year, of 15- min duration, at Dodge wag at Topeka, there are on 


-- 8.8 in. per he; a 1% thames of 5. 1 in. ai hr; and 1 chance in 1 000 of an 


The Talbot formula has long been a favorite, because of its 


‘and its successful use in design. — Considering the paucity of data at the 
time it: was | first ‘proposed, it has given remarkable results in the design 
of storm sewers. . It is not a good “fit”, however, to the record of as coal 
storm. It can be stated in the form, ia 
in which it ‘(intensity times duration) is the y-variable a 4 
is the x-variable. In this form, it is the equation of a straight line, A being 
_ the intercept on the y-axis and B, the slope of the line. In Fig. 12 is | 
| Ala the intensity duration of the four greatest storms that have = 
_ recorded at Kansas City. Only one of these storms, that of "September 6 <9 
and 7, 1914, is s a good a approximation | to a straight en. The storms of June A 
1910, and September 15, 1914,  Spproximate a line if the 5-min- 
The result is little, if a any, better the. combined data o 
stations are considered. Table 14 is listed the twenty greatest — 
_ from” the record of 167 station-yr for the State of Kansas, arranged in 
order “magnitude without. regard to the location of | the ‘station. These 


data, 9 when plotted as in Fig. 12, are irregularly curved lines until the high 


of several — 


— “Hydrology.” by Adolph Meyer, M. Am. Soe. C. 
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Ar 


from the Equation, 


Fig. 12.—EXcEssive PRECIPITATION, City, 


ize, 


Ton are concerned. Formulas are convenient, and, in the hands of an 
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a expert, may serve a useful purpose, but. they appear to be so easy to apply 
that ‘they are likely to lead to absurd results in the hands of the inex-— 

that the histogram | or the o ogive curve ie pre- 
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Suerman,’? M. Am. Soc. CO. (by letter). —The wr writer 7 
is by the a almost unqualified faith of the author; | 
in the assumption that the total number of station-year records may | be 
I 


a6 used in studies of frequencies without regard to the matter of geographical 4 
locations, topographical conditions, or meteorological « cycles, 
Perhaps the first extensive use of combined records from ym various 

stations appeared in Part V of the Technical Reports of the Miami 


Conservancy District, entitled “Storm Rainfall of Eastern United States,” 
se which appeared originally in 1917. - Quoting from the 1936 edition of this i 


“In to. utilize all « existing records that ‘possessed any value, even 
though they differed materially in length, a method was adopted which may 

aa “Assume a number of rainfall stations, say, five, located within | an 
area possessing uniform ‘rainfall characteristics. station A complete 
records have been kept for a period of 70 years; at station B, for 40 years; 
at station C, for 60 years; at station D, for 80 years; and at station E, for 
50 years; the aggregate of the period ‘of records or sum being 300 years, 
_ Treating this aggregate as a single record for the area under consideration, 
it may be said by the above definitions of frequency, that the highest 
rainfall intensity | recorded in the entire period has Pee 
probable frequency of once in 300 years. 


i” 


The most important words in this description are “ocated within 
area possessing uniform ‘rainfall characteristics. Too many studies have 


4 

made in which the writers have totally ‘Jeet sight of this qualifice- 

tion, and the authors appear to have given little” consideration to 
requirement when ‘they combined in their studies the ‘records of stations as 
far apart geographically as Boston, Mass., Dodge City, Kans. , Knoxville, 
Tenn., Yankton, S. The topography and climatological con-— 


and intensities of rainfalls within this 


area vary so “much that there is grave doubt whether a combination of 


m 


In deed, it may be noted that stations located only a a few miles apart 
ay be subject to such different conditions that it" would be distinctly — 
= impro per to combine the records. For instance, relating to 
fall intensities at the summit of Mt. Washington, in New Hampshire, and “f 
a point ‘Perhaps not more than 20 « or 30 miles distant at a 


the records of several stations located. district measuring ‘not 
; jai than 10 to 15 miles in any direction | should be combined in any 
analysis of frequency. Records from | such gages of great importance | 
bad in studying the extent of the area covered by intense rains” ; but that the . 
records of ten such gages which have been maintained for 10 yr could be 3 

of equal” value to a similar record of. a single gage for 100 yr in | 


%Cons. Engr. (Metcalf & Eddy), Boston, Mass. 


> Distribution of Intense Rainfall and Some Other Factors in the Design of 
prenont Water Drains,” by Frank A. Marston, M. Am. Soc. C. E., Transactions, Am, Soe. ia) 7 
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Another item which is fully brought out in the 
but p perhaps” ‘not emphasized as much as it should be, is that the record | at 
each of the stations from which data are ‘proposed to be combined, should — 
be of considerable length. The typical example quoted relates to = . 
"stations, with a least period of record of 40 yr. Granted 1 that the topo- 
| graphical conditions are such that rainfalls of like frequency and intensity — 
mw occur al at (of these stations, can question 


much 


Yarnel M. Am. Soe. ©. 
Weather, Bureau secords. ntense prec than 
in ense than that ‘shown by the 
authors, and appears to be of distinct importance. Mr. Yarnell stated: 
methods followed and the results obtained differ considerably from 


3 The importance of meteorological cycles must not be forgotten in any 
study of this kind. In this - discussion the term, “cycles,” is us used without 
particular reference to its precise applicability. _ Whether or not changes — 
meteorological conditions occur with such regularity that they may 
properly be called cycles, there can be no question that wide differences 
of climatological and meteorological conditions have occurred within 
historic times. _ For the purposes of this discussion it may be considered 
that what i is: herein called a “cycle” probably has a duration: of not less 
300 yr and may be as long as yr. Any combination of the 
records from a number of stations, which have been obtained in the years 
during the part of a cycle the rainfall is either high or low, 
a cannot be accurate wan consideration | of frequencies of 300, 500, or 1000 
With -Tegard to the type of formula which may best represent the tela- 
tion between intensity of rainfall and its duration, for any given frequency, 


have been noted that the form, iat “iy 
a more satisfactory form and one applicable to all attempts 


+. the authors state that the form, i =-+ 5? -, was found to be best. It might 

thus far made, of which the writer has knowledge, to express this relation 


by a formula. _ the exponent, d, is unity, Equation (29) is identical with 


“Rainfall Intensity- Frequency Data.” Miscellaneous Publication+Nu. 204, U. S. Dept. 
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Equation (3). lt let the same time, the value of b is 0, Equation (29) 
- conforms to Professor Nipher’s formula of 1885 for St. Louis, Mo. If “s 


4g has a value of 0 and d a value differing from unity, the formula “cor 
a responds to that used by the writer” in 1905; and if > has a value | e Other 
0 and d a value other than unity, the formula would correspond 
Conclusions (6) and ) of the paper _might perhaps have been 
siderably modified after consideration of the discussion in Mr. Marston's 
paper.2° It appears probable that the data studied by the authors might 1 
en analyzed by the methods ‘suggested by Mr. Marston a8 


4 
provide information of great value regarding ‘the variations in rainfall 


intensity over areas of moderate size. 


N. Cox,” “Assoc. M. Am. “B00. ©. (by -letter).—Many data 
have been presented very ably in this paper, +, which should make possible 
closer predictions as to expected rainfall rates for any mid-western section, 
Nevertheless, it raises certain questions as follows: The U. 8. Weather 


‘Bureau standard recording rain-gage is a tilting bucket type. Gages of i] 
ne this type are able to operate at a certain ‘maximum rate due to the inertia og 


of the parts ‘and will not record correctly e: excessive precipitation. read- 
given by the record chart are low. “recording will begin 
_ when the intensity exceeds about 3.5 in. r 4 in. per hr. - Then it becomes 


to distribute any difference the stick measurement and 


‘the chart value by empirical methods. The last sentence of the first e. 
paragraph “under the heading “ Stations reads: “No correction 
factor was used "the precipitation corresponding to any ‘duration. 
- Table 4 (a), th hree occurrences: of precipitation between 0.70 and 0. 10 tab 
listed. These values correspond to an besa of sbout 9 in. per hr which 
is truly of cloudburst ‘Proportions and one which a gage of the tilting type 
"can not record accurately. For this ‘reason, one wonders as to the exact 
consideration should have been given to the of year when 
certain rates could be expected. After all, the engineer is only interested 
in precipitation intensities inasmuch as certain run-off rates follow. Many — 4 
factors other than rainfall intensity affect the run-off rate. For any 
water-shed, the time of year, the tempera ture extent, and condition of 
vegetation, the condition of the soil, and previous precipitation are very 
famportant; and, in addition, the properties of the water-sheds vary greatly. 
is entirely possible for a 1-in. slowly falling rain in early spring to 
cause a greater run- -off than a 3-i “in. dashing rain of midsummer. After al, 
cu cu ft per sec per sq q mile only to a of 1.55 in. per 
Run-off rates of this magnitude may follow after previous precipita: 


tion has saturated the soil filled the surface | Storage. anh 


Am. Soe. C. E., Vol. LIV (June, 1905), p. 17 
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Big Since 1933, the Louisiana ‘State ‘University, in 
the , U. S. Geological Survey, under the writer’s direction, has maintained _ 

number of Bureau standard rain cans and one weighing 
type of recording gage. - During this time, data have been obtained which 


permit ‘the ‘omparisons of Table 15. The number of times that 


TABLE 15 


| Duration, in Minutes 


“Weather Bureau designations were exceeded for exctsive for the 5, 
10, 15, 30, 60, 100, ‘and 120-min intervals, was 3, iy" , 1, and 2, 
subject to precipitation of cloudburst intensity, the maximum depth for — 
5-min period was 0.42 in., which corresponds to an intensity of 5.04 
in. per hr. _ These data show the relative improbability of obtaining the 7 
, quantities: designated by the authors, or by the Weather Bureau, for the short _ 
intervals, and also the improbability of obtaining the Weather Bureau’ 


designation for the longer periods 2 
Garrert B. DrumMonp,”> Esg. (by letter). —A careful analysis of the 

method followed by the authors in determining the constants in their 


iG. 13.—Maxiatw M RATE OF PRECIPITATION FOR Five MINUTES. 
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formulas. 

are reliable only within the range of dete derived, 
_ Especially is this true when the mass of data is: segregated arbitrarily into 
periods | of durations, | as is done in the case of rainfall intensities, Actually, 
_* picture” presented | by such data ‘is the complete regimen of rainfall, 


- 
Scale in Miles 


a Fie. 14.—MAXIMUM RATE OF PRECIPITATION FOR THIRTY MINUTES. 


ee herefore, by considering separately that falling within certain time limits, 7 
rere ‘is in roduced an artificiality which must be taken into. consideration — 
there is troduced an artificiality which st be taken into considerati 
However, this should not detract from ‘the 1e importance of the study 
which has been submitted by Grant. Their efforts, 
" although restricted to Chicago, point the way to other investigations which — 


: 7 _ undoubtedly will add to the information now possessed concerning precip- 


Regarding the u: use for sew sewer design, especially 
those involving frequency, it is interesting to. results with 


a’study of the precipitation for various time- lengths. This, the 
writer has done for 5-min intervals to include 30 min. Figs. 13 and 14, 
for example, rates of for 5 min and 30 min, 

. Grant, 26 M. So letter). —An implied con 
‘that the intensities and frequencies of extreme 
i, storms of short duration do not vary greatly over a large area of Central 
the area’ bounded a line passing St. 


— 


various equations raises the question of the actual dependability of empiric; 
7 
4 
: 
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Paul, Mich., Knoxville, Tenn., Memphis, ‘Tenn., 
City, Kans., and Yankton, S. Dak., contains wide variations in annual 
rainfall and other climatic characteristics, it is apparently homogeneous 
with respect to the frequencies of the intense storms which were studied. 
ul This implied conclusion should interest all students of meteorology and 

hydrology ; it is of immediate practical importance in that the curves in 
the peper—particularly the very useful Fig. 5—may be "applied to the 
economic design of storm drains throughout this entire ares, 

Because 0 of the importance of this conclusion, and because the combin- 
, f a 33-yr record for ten stations into what amounts t a 330-yr record 

ing of a 33-y s into o -yr record 

seems to be justified only on the assumption that the storms at each > 
station are independent. events which are subject to the same system of 
chance ‘causes, it is desirable to check this conclusion in all possible “ways. ys. 


such check was the observance by the authors close 


a 


= 


statistics, which give results in terms of probability. ‘Two 
types of tests of this character which have been made by the writer seem Rei 


confirm the conclusion that the observed differences between the ten 
stations studied in detail are such as might be expected as chance varia- 
tions in samples of the size observed, if were no variations in. the 


t 


The first of these tests is the so- led x? “test st of Sealine of fit devised 
by Karl Pearson and elaborated by Mr. R. A. . Fisher” which has been — 
‘applied to each of the seven sections of Table 4. _ A sample calculation — 

relative to the 30-min storms of Table 4(d), is shown in Table 16, in which © 


TABLE 16.—Test ror Constancy or Cause System at Ten RAINFALL 


NUMBER OF Storms WITH THE FOLLOWING PRECIPITATION (IN IncuEs) 


4 


From 0.90 to 0.99 | From 1.00 to 1.09] From 1.10 to 1.19] 1.20 and more a 


| ber ob- | ber reed. 


Detroit, Mich 


. e ee 

mooooooows 


Dodge City, Kans......... 

Number expected, f, 8. 
= __* Assuming uniform conditions. | + Sum of Columns (3), (5), (7). and (9). 


- = A general explanation of this test may be found in “Probability and Its Engineering 
Uses”, by T. C. Fry, Articles 102-104. 
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* = number of storms of a given. magnitude observed at a given ‘station { e , 


88-yr period; and fe = number of storms expected, assuming uniform 


x? test involves the ‘of the « observed data into groups 
“cells”; the number expected in each cell according to the hypothesis 
to be tested is then ‘computed. | In this case ‘the hypothesis is that all the 

ten ‘Stations are alike with Tespect to the occurrence of intense storms of 
each magnitude, so that the number expected at each station is ‘the average 
_ number of storms “observed at ‘the ten stations for each precipitation, ~The 


departure from expectancy in each: cell is then squared and divided 


number "expected in ‘the | cell; sum of these ‘computed values is 
galled x’, Probability theory then gives ‘the relation between | x", the number — 
“degrees of freedom’ (the total number of cells. compared ‘minus 
correction for the number of ways in which the numbers expected are 


made to agrée. with numbers observed), and probability, that if 


mad 
expected system of were ‘really operating, a departure from the. expected 
- number as great as, or greater than, that observed would occur as a matter 


chance i in random sampling. The purpose of the test, of course, is ‘the 
In Table 16 it has been necessary to group together ‘all storms in excess 


a of 1.20. in..at each experience the ‘indicates that it 


40 cells minus 4 restrictions condition that the total num- 


ber expected in each precipitation group agree with the total number 
observed in that group. Entering a table of x -values, “guch as be 
found in many books on statistical methods,” these two values give 
probability, P, of 0.4. ‘This is interpreted to mean that if there were 
_ real difference in the ‘cause systems affecting 30-min excessive storms at 
the: ten stations, a variation from u uniform ‘results as great as or greater 
: a than, that observed might be ‘expected four times out of ten. In “other 
a words, the observed data are not inconsistent with the hypothesis. of uni- 
formity. The: results obtained from x*-tests on the other sections of ‘Table 
4, are shown in Table 17; they seem to confirm this conclusion. | The best — 


fit to the ass assumption of uniform causes is found in the storms from 60 - 


olf 


‘The second 1 statistical test made by the writer involved the > checking of | of 
an hypothesis concerning» the relation between the average ‘number | 
excessive rainfalls per year of each duration, the probability of any 
given number of such excessive rainfalls” occurring ‘in ‘any single year. 


hypothesis is that this probability may be determined by the 


_ _ “Statistical Methods for Research Workers”, by R. A. Fisher, Table TIL, pp. 96-97, 
or Fry’s “Probability and Its Engineering Uses’, Vill. at 


q 

= 
if 
— 
— 
4 
— 

F 
4 
aa q any cell is fewer than five. _ A similar condensation of cells has been made — x 
q 
| 
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per period as a function of the number of occurrences, m. The 


Poisson law gives the probability of no exactly 


TABLE 17.—Resvutts oF X? ‘Tests Appuiep to Excessive Recorps 


he ‘Test or Data 1n 4 ror HomocENeity Value of 


Cells | Degrees | Calculated Value 
compared offredom | x? Poisson law 


00 


occurrence as me of exactly two as — e™, of exactly three as 
of exactly four as —————— e , ete. 
- The characteristics of extreme rainstorms would 
grounds t to agree the “assumptions underlying ‘the Poisson law, 


i, ms at any one station are co oncerned. In 
brief, these are e that the quantity measured is the number of 
occurrences of a particular event, each sample consisting of very large 


/ number of independent: trials of the event in which the probability of the — 


event occurring on any individual trial is very small, Extreme storms 


are presumably ‘independent events; there are a great | many short intervals — > 
“of time during a year which might have such storms; . the probability of an 

extreme storm in any one of them is very small indeed. 
ae Tn testing the Poisson law hypothesis it was necessary for the writer — 
to examine the original data assembled by Messrs. Schaf- 


_assemb 
mayer and Grant i in order to construct frequency distributions which 


showed in how many station- -years _ there were no excessive storms of a 


- given duration, a ind in how many there were one, two, three, four, ete. 


a. The expected number of years which would | have each number of storms 
was then calculated by the Poisson law, the observed: average. 


Table 18 gives the data for the storms of 10-min duration, and illustrates 
4 the method followed. _ Dividing the total of Column (3) by the ie Pl 


Column (2), the average number of storms per year, m is ‘found 2. be 
= = 0. 3012; me™ = 1.20 (0.3012) = 0.3614; — 
ee mathematical derivations and discussions of the Poisson law, see Fry's 
Probability and Its Engineering Uses”, Articles 83-88. For examples of a number of 


ge series which are fitted by the Poisson law, see “Applications of Poisson's Brobapitty 
Summation”, by Frances Thorndike, Bell System Technical Journal, Vol. 5 rs p. 604. 
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(388 rawr ON RAINFALL. INTENSITIES AND FREQUENCIES 
It will be noted that the n number of 10-min storms shown in Table 1 18 for 
the 330 station-yr is necessarily the total of 396 shown in Table | —4(D) 
the same station- years. correspondence between the observed fre 


quencies shown in Column (2), and the theoretical frequencies from the 
_ Poisson law shown-in Column (5), is extraordinarily good. — Similar checks 
between observed and expected values—although not quite as close as this 


ne—were found for the frequency tables for the storms of other dura- 


—— 


Number of excessive of station-years in each group exactly N storms} quency in 330 
storms N,in year with exactly i station-years by 


Nestorms,f the Poisson law 


tions. The x*-test was used t to compare ‘these observed expected fo 


quencies ; the values of P obtained from these tests are included in in Table 
he It would seem reasonable that the relationship herein discovered between ° a 
j the average number of storms per year of a given Magnitude and duration, 
an d the probability of any given number of such storms occurring in any” 
- one year, justifies the use of the Poisson law for similar calculations: rela- 
- tive to extreme storms of any frequency. For instance, ‘any storm shown 


4 on Fig. 5 with a frequency, F, of 5 would correspond to an average of o 


ey storm per yr. The probability of no such storms in any one year may 
x be computed by the Poisson law to be 0.819, and of exactly 1 yr tobe Ff 
0.164; thus, in only 17 yr out of 1000 would two or more such storms > 

occur in the same year. Such computations | would. seem to be more 
than of practical ‘importance, although they might afford a 


kind» of doubtful comfort to the engineer who has just seen his 


"sewers over owe y one such s orm. 


_ The important practical conclusion from the Poisson calculations is 
that they furnish another ct check on hypothesis that the excessive 


tions with ‘different averages do 1 not add ‘up to make another Poisson dis- 
lal thus, the check between the total results for the ten stations — 
a and the Poisson law is good evidence of similarity between the stations. — 
points similarity and the fundamental differences b between this 
study of rainfall intensity, and the many interesting studies” which 
hydraulic: engineers have made of flood | frequencies, are worthy of comment. fe 


Although ‘the a wuthors have use no “probability 


mathematical property of the Poisson law that two or more 
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GRANT ON RAINFALL INTENSITIES AND FREQUENCIES 
been used in many flood studies, the same general | 
~ jies the approach to both problems. The evident fact that the authors’ _ 
studies of excessive rainfall frequency seem much “more conclusive than 
any published studies of flood frequency, results from certain characteristics — 


oof the | problem which are not found in flood ‘problem. fl 


bility toa problem of ‘this type : are 


statistical or frequency definition of probability may be e stated 


— 


- follows: : Assume that if a large number of trials of an event are mw made 
under the same essential conditions, the ratio of the total number of 7 
trials i in which a certain event happens, to the total number of trials ulede: 


‘approach a limit as the latter number ‘is increased” 


the flood studies such as ines the late Allen Hazen,” M. 
‘Am. Soe. C. E., the trial may be thought of as a year; the event which either 
happens or fails to happen is a flood of a given magnitude. Several ein a 


a are made, either consciously 0 or by implication, in flood studies leading to 
probabilities for floods of any given magnitude. Among them are: Tie 
really is a natural law which relates to the probability of a flood of a given 

magnitude at at a given point on a given stream at a particular time; if it were F 
= to secure records for a great many years during which time there was” » 
no fundamental change in climate or in the characteristics of the stream’s 
drainage area, the ratio of occurrences of a given flood to total years would — 
actually approach a statistical limit; (2) successive trials are made under 
_ the same essential conditions or nearly enough so for practical purposes; 
thi implies among other things that they are independent of one another; “a 
a that is, the flood magnitude in one trial is not related to a flood magnitude ¥ 


in preceding or succeeding trials; and (8) there is a definite relation | 
_ between the probability or frequency of a flood of given magnitude and ‘the: _ 
of the flood, which relationship would be apparent if one had a 
- lldently long record. On the basis of a limited record an attempt is — 
Ee to fit some kind of probability curve to the available data, extrapolat- 
if necessary in order to obtain desired probabilities. it is com- 
5 The logical weakness of such extrapolation beyond the limits of a poorly — 
defined frequency curve is obvious. forms of seem 


the method Is developed by of flood give 
very different results when applied to the same problem. One investigator 2 s 
- designate as a 1-yr- in- -57 flood what another calls a 1-yr-in-500 flood.” = 


"Flood Flows”, by Allen Hazen, John Wiley & Sons, 1930. 
Ain the discussion by C. S. Jarvis, M. Am. Soc. C. E., in Proceedings Am. Soe. > 

pers and Discussions, October, 1927, p. 2028, for this particular example. The wide 

differences in conclusions obtained fe ‘different methods of extrapolation are familiar to 
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MEYER ON RAINFALL INTENSITIES AND FREQUENCIES 4 7 


‘Two attempts have been made by investigators to avoid. extrapolation 
increasing the data used from a limited number of years” of rec 
One method has been to combine the records” for a _ number of streams; 
7 the other has been to take all the flood peaks each year in order to obtain 
a great many floods from a record of short duration. _ Neither of these 
ices seems reasonable with respect to flood “probability. studies. 
water- shed characteristics of the various streams are sufficiently different 
that floods on ‘Separate streams are not under “the: “same essential con- 


;” the successive on a given in a given year are 


does: seem wn reasonable to use e both these was evidenced by 
application of the x*-test to the data in Table 4, the excessive rainfalls 0 q 
short duration at widely separated stations seem to come from ‘the same 


Ay system of chance causes. Excessive rainstorms are local in character; 
storms at different stations at considerable distance from one another 
are obviously independent events. ‘Thus, it is legitimate to combine 
33-yr records of ten stations to secure what in effect is a 330-yr record. coal 
It also seems reasonable in these rainfall studies to make use of all 
_ the: excessive storms that have occurred in a given year. if Although | two or 


- more flood — in a year on the ‘same stream would seem to be definitely, 


“year one might be ‘expected to be This 
is chee: fit of the number: ‘storms per year 


inally, the of of excessive who 

wishes to use his conclusions in the economic design of storm sewers 

has a a great advantage « over 1 the investigator of flood frequencies | who wishes 

to use his conclusions in the economic design of structures “subject to 

/ flood. _ In theory at least, design for long- run economy of both storm — 

‘Sewers: and flood spillways would seem to require consideration of the cost 

of providing each possible capacity, the expected frequencies with which 
such capacity would be exceeded, and an estimate of the probable resulting x 
damage. However, the conclusions of economy studies in the two fields, 
as to the frequencies against which it is economical to design, are likely 
to be quite different. A typical conclusion might be that “spillway 
: should be designed against at least the 1-yr- in- -100 flood, whereas a storm i 
sewer should be designed, at most, against the 1-yr-in-5 excessive ‘rainfall. de 
In the first instance extrapolation to estimate the 1-yr-in-100 flood | from ‘ 
- ‘record of 30 yr or less involves much guesswork as to the form of the = 

frequency function. In the second instance, as the authors have -demon- 
strated, a 330- yr record defines its own frequency function so that it a 
possible to estimate the l-yr- -in-5 a high degree of confidenen, 


F. M. Am. Soc. C. E. letter). This" paper gives 


Cons. Hydr. Governor Co.), Minneapolis, Minn. by 
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RA INFALL INTEN (SITIES 


inadequate ‘records “a intense precipitation at a single station, for the 
purpose of predicting rainfall frequency. — The fundamental soundness of 
the method of determining frequencies from station-year records is -demon-— ia ay a 
strated by the fact that, notwithstanding ‘the recent severe droughts, 
the last eighteen years of rainfall records (1929- 37), en, added to the ia 


i earlier nineteen years of record for stations analyzed by the writer else- > 
where,” do not result in any material change in the conclusions respect- a 
ing the frequencies of given rates of intense precipitation to to be expected — 
in the several time intervals from 5 min to 2 hr. 
tom comparison of the frequency of intense precipitation, as determined a 
from the authors’ gr raphs in Fig. " for 659 station-yr, with the frequency _ 
=e same rates of intense precipitation for the City of Chicago, IIl., 
taken from charts the late David L. Yarnell, M. Am. Boe. 


0. E.." 


‘“« used to represent the actual facts shown by the observational data in Fig. 3. 

; If curves are used, the 2-hr precipitation of 100-yr frequency i is substantially - 
reduced and comes” into better agreement both with 

charts and with the write 

= writer has found further satisfaction i in the authors’ use 2 of nai 


constitutes ‘excessive rainfall”. rather than the use of pereentages of annual 


vale and with low ‘annual are 
likely to have very. intense -time intervals, 


Another point cited by the’ authors which | is worthy of emphasis is” the 

; 2 that the maximum rainfall determined from ‘the original rainfall record- : 
_ gage charts for any given time interval is greater than the maximum 
determined from the published tabular data. The writer has ‘called -atten- 
- to this fact® in analyzing ‘approximately 300 storms for Minneapolis 


and St. Paul, Minn., with a view to determining the correction which should q 


applied to the tabular data published by the U. S. Weather Bureau. The 
data published for ‘Minneapolis and ‘St. Paul | give results 9% too small for 
interval, 1% too small for the 2-hr interval, and from 2 to 4. had 


record,” as compared with those drawn from the present 37-yr record. | Paes! 7 
"The Elements of Hydrology”, by F. Meyer, 1917, Group 3, p. 198. 
a '™ Miscellaneous Publication No. 204, U. S. Dept. of Agriculture. oe 

““The Elements of 1917, 166. 


ition 
a 
nese 
The — 
ever, .—l 
ips 
same — 
the — 
— 
fall 
0 or 
ame 
This 
year 
who 4 
— 
t 
torm 
Ps) 
hich 
iting 
i, 
— 
fall. 
from 4 
— 
it is 
— 


— 


"published data of the ‘Weather Berens end of errors 
those who use such data, is that the accumulated ‘precipitation for 60 or 
80 min, for example, must also be considered as having fallen in 100 and 
- 120 n min, even if t the rain did not continue that long, or was not br | 
toward the end and, therefore, was. not reported. _ Where the rain did con- 
tinue, but the rate was not excessive, the later records of the Weather Bureau 
- Sia of the questions to which attention has been directed herein result 
in increasing the quantity of rain which may be expected in a given time 
interval. designs are to conservative, these severa] factors must. 
When it is is noted that ‘the formula heretofore used in Chicago 
frequencies varying from 3 to 20 yr, which “were ‘supposed to represent 
_ approximately 5-yr frequencies, it must be apparent that the adoption of new 
values: of frequencies for given rates of intense precipitation will result in 
7 better balanced and more economical se sewer designs: for the City of Chicago. 4 
writer believes that the Yarnell charts,” are by far the bet 
measure ¢ of the “frequency ¢ of given rates: of intense precipitation over most 
of the United States, , available to-day, 
L. Bocer 7,38 M. . Am. Soo. C. E. (by letter). very complete 
study of reported ‘this p paper. The ‘authors have 


} In pursuing statistical methods, engineers should not become so en- 
grosied | in the formulas” derivable from the data at hand, 
as to lose sight of the ultimate aim of the study, which i is to obtain the 
run-off from : a given area. | under the worst conditions. 
‘This run-off is dependent on two factors of about “equal: weight, namely, 
- the rainfall intensity with which this paper ‘is concerned, and the 
7 a factor. Assuming that the studies are being made to establish the 
of “drains, the drains: will improperly proportioned if an error 
* judgment is made in selecting either of the factors. The run-off factor 
.4 depends upon the slopes and t the extent of the built- up and paved areas” 
ae a in the drainage ‘district. Zoning will tend toward making this factor ‘slightly 
a” more determinate, but there is no telling when, i in the future, Court or’ legis: 
lative action will alter zoning restrictions automatically put the engl: 
‘neer’s assumptions of the future character of the district awry. 
Another variable in the problem is the frozen ground in winter which 
q is not considered in ‘arriving at a run-off coefficient. A snow- -covered lawn 
_ with an ice glazing As equivalent, in run- -off capacity to a paved area. 4 


> 


et 


most: _ cases of inadequate | drains, the flooding will be found to oceur in the the 


early spring, due to high run-off from frozen ground and glazed snow. — er 


* Cons. Engr. & Bogert), New ‘York, N. Y. 
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ON T NSITIES AND 


in this paper and is to note that ‘the authors apply 


r the method of combining years of record of a number of stations to be used — 
‘the determination of frequencies. ‘This method was used 
one of the Technical Reports of the Miami Conservancy District, “ Storm be 
‘Rainfall of the Eastern United States”, published in 1917. This was 
gevised and reprinted in 1936, Elsewhere,** the writer has attempted to 
emphasize some of the possibilities of this method for increasing the use- 
fulness of precipitation records of comparatively short duration. The 
Miami Conservancy District studies were of great storms lasting from 
aw to 5 days and were made for flood-control purposes, whereas the inves- 
tigations described authors were made in connection with sewer de- 
= and refer to itation lasting from 5 min to 2 hr. ‘How we 
ever, the principle of combining the years of record is the same. 
Iti is perhaps pertinent to state that judgment and caution must be used 
in the application of this ‘method. The area from \ which | the “records are 
combined must have uniform rainfall characteristics; otherwiee, the results 
E will: not be correct for different points within the area. . For instance, an 
area in which there are great differences in altitude would probably also 
have great differences in precipitation both as to type and quantity. ‘The 
years of record for stations in such an area could not be combined sat 


is- 
The records for the individual stations should be long enough to cover — 
fairly complete ‘rainfall eycle. Such -eycles are indefinite at best; yet it 


is well known that periods of wet and dry years do occur. Therefore, any 


- record so short that it covers a wet or a dry period only would not be | 

‘In the aforementioned work of the Miami District, 
eastern half of the United States was divided | into 2° quadrangles. The > 

records: of the stations in each of these ‘quadrangles were added to obtain 
the total years of record for the quadrangle. Records of less than 5-yr 
duration: were discarded. The size of the quadrangles used is 
arbitrary. should | probably be changed in order to obtain the most ‘satis- 


factory results for certain localities. In the study of the entire eastern 


s far apart and. differing as Boston, Mass., 
Pied S. Dak., and Knoxville, Tenn. The combination of records from 
stations in the Chicago area’ should be quite satisfactory. is true 
_ that the records of a number of the stations are much shorter than is s de- 

sirable so that only part of a cycle is covered and this fact should be mae 
in mind when the data are being) used. — Even if the period is short it is 
probably the best possible way of using g these reco records. . Its will be necessary 

% revise the curves from time to time as records accumulate. ten gl 


"Chf. Engr. and Gen. Mgr., The Miami Conservancy , Dayton, Ohio. 
a Engineering News-Record, ‘December 31, 1936. 
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very” valuable publication. on “ 


_ by the late David L. Yarnell, M. Am. Soc. Cc. ‘iE, was issued by the Us = 
Agriculture it in August, 1935. ‘This record covers “periods 


from 5 min to 24 hr. The values taken from the authors’ curves for Chi- . 
cago agree very closely with those for the: same location taken from Mr. f 
he: writer has ‘seized every opportunity in ‘the past to emphasize the 
necessity for ‘obtaining 1 more complete of ‘rainfall and run- -off, and : 
cannot refrain from doing so again in this connection. The U. S. - Weather 4 
Bureau needs many mor more recording rain- n-gages. records should be made 
; - continuous and should not be subject to termination on account of lack of 4 
4 appropriations as they are at the present time. Fragmentary records lose 
a great deal of their value for the aforementioned reason, namely that = | 
cover ¢ only parts of cycles. _ Engineers should emphasize e the importance 
‘3 such records whenever possible because legislators, a as a ‘rule, do not realize q 


the necessity for them. 


Is, 30 Soc. OE (by _letter) —The persistency of 
the -straight- line as shown in 2 is ‘80 striking as to invite 
further consideration. It is is found that the data included in Meyer’s Table =| 


15, Groups 2, 8, and 4,‘ conform moderately well to straight lines for a 
lower ‘rainfall intensities (F ig. 15). However, for Group 1 the di 
vergence of the data from straight- line trends becomes quite marked, i 
requiring ‘the use of irregular curves. Similar div ver ‘gence from the straight 


line relation is ‘apparent likewise in the data furnished for Boston, Mass, . 
Charles W. Sherman, M. Am. Soe. C. E., and re- plotted on semi- 

f° logarithmic paper in Fig. 16(a). Ag. otter: gh gin 
Tal od? WwW hen the data from Group 3 of Meyer’ 's Table 15 were plotted similarly 
on the s same scale | as that used for Fig. 2 of the paper, their inclination to 
fall on straight lines was, quite pronounced; but when plotted on a m much j 


larger | scale, the divergences became "proportionately more ‘apparent. 


= 


Approaching» the problem independently, the writer undertook to analyse 
the excessive precipitation data‘? for Indianapolis, Terre Haute, Evansville, 
Fort Wayne, Royal Center, in Indiana ; Cleveland, Columbus, Dayton, — 
and Cincinnati, i in Ohio; Pittsburgh, Pa.; St. Louis, Mo.; and Chicago, 
eine a total of 301 yr of record, or edaieiliiiatle of 25 yr per station, 
~ the maximum record period being about 34 yr for Indianapolis, with 3 33 yr ie 
for Pittsburgh, Columbus, and’ Cincinnati. resulting intensity- -fre- 
quency graphs are shown in ‘Fig. —16(b), on which the data from 301 

station-y -yr of composite ‘record are summarized ¢ graphically, 
more or less closely to straight-line trends. 


“Elements of Hydrology,” by Adolph F. Meyer, 1917, pp. 181- 184. ive 
“1 Am. Soc. C. E., Vol. 95 (1931), p. par: 
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LEGEND 


OF RAINFALL FREQUENCY- INTENSITY 


In order to afford a comparison of data for Cincinnati Chicago 
from record periods terminating in 1914 and 1930, respectively, Tables 19 


and 20 were compiled. These tables show generally increased intensities 
= given frequencies, pe to the inclusion of the more recent data. ta. The 


400 


‘Frequency, in Years 


oy 


(6) EXCESSIVE RAINFALLS, 
| IN THE MIDOLE WEST 


in fnches per Hour Rainfall Intensity, in Inches per Hour 
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_ JARVIS ON N RAINFALL | INTENSITIES AND FREQUENCIES © ie 


TABLE 3 19. or INnTENSITY- 
| Darras, 1 IN incume, EXcERpED | Once” Gr vEN No UMBER or Yous 

i 10 30 


0. 36 0.40 0.64 0.68 | 0.63 (1.05 1.29 1.10 1.28 | 1.63 | 1. 

0. 45 0.51 0.50 | 0.75 0.77 0.78 12 1.45 140 1.45 | 1.87 Lia 
0. | 0.55 | 055 | 085 | 082 | 0.89 | 135 | 1.55 | 1.62 | 1.60 | 205 


0.44 | 0186 | | | 1.15 | 185 
| 0.40 | 0.51 | 065 | O84 | 120 | | 1.50 | 2.26 
| 048 | 0.55 | 078 | 096 | 3.14 | | 2.00 | 248 | 


* Data from Table 14, pp. 178-179, Meyer's “Hydrology,” 1917.0 
Analysis of gota from U.S. Weather Bureau 1930, by C. S. as in 17. 

fi i Data from Fig. 5, Schafmayer and Grant. 


those higher values defined by the authors as ‘excessive rainfalls.” 


in the columns headed, Authors,’ were derived from Fig. 5, 


by the authors and 1 the writer toward rainfall -intensity relation- 
é ships for Chicago, eve even if the station-years of record considered we were un- 
equal, being 107 and 25, respectively. 


TABLE 20.—Deprtus IN INcHEs, REQUIRED TO Qua LIFY AS Excessive 


pane 10 | 15 | 30 | 60 | 100| 120° 


0.35 | 0.50 | 0.65 | 0.90 | 1.20 | 1.30 | 1.40 
0.40 | 0.50 | 0.60 | 0.90 | 1.50 | 2.30 | 2.70 
‘The Authors, under heading, ““ Definitions of Term 0.50 | 0.65 | 0.90 | 1.20 | 1.30 | 1.40 


Fig. provides a graphic comparison of rainfall _frequency- intensity 


a trends for Cincinnati | and Chicago, and indicates somewhat higher intensi- — 
ties Cincinnati, except for 5 5-min periods, when the graph follows 
irregular the straight- line trend for Chicago, 
Whether the data from 12 stations, representing an aggregate recor 
period of 301 yr, may and analyzed as continuous: record 
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one station for centuries has never been settled authoritatively, 


although | the assumption has been widely accepted. Valuable -generaliza 
tions, and conclusions have been derived from such "composite 


records ; but, thus far, no one has claimed and proved their equivalence 
records: of equal lengths - from single stations. Neither has 

na it been established satisfactorily that straight-line relations inherently exist 


a dmong observed hydrologic or other physical data, no matter what oi 
or form of chart is. used. 


natural inequalities” and | irregularities ap- 


x 


| 


O Minutes _ 


120 mi 


Data for Chicago, Ill. 

- Data for Cincinnati,O. 

- Lower Average 
of All Published Data. 

30 5 Vv - Lower Average Values for 

we 


| 


Rainfall Intensity, in Inches per 


» AND 
pearing in practically all basic ¢ dete must be “ —_— out” 


grouping, averaging, or other r leveling process, or by 
seale > charts, before the inherent deviations from the trend lines or curves 


are practically eliminated, or reduced to significant, readily understandable 
quantities, susceptible | of logical interpretation. 


The writer has been unable to reconcile the various trends of 


to be ptt as stations are increased in” number | and as the record 


The authors have made important. of their 


‘paper, and have apparently a a safe basis for the design of storm 
sewers ‘in the Chicago District. 


discussion “submitted brings out some interesting points. For 


mee “Engr., Board of Local Impvts., City of Chicago, ctl m. 
of this paper, died on October 30, 1936. 


Mr. Grant, co-author 
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SCHAFMAY YER ON RAINFALL INTENSITIES AND FREQUENCIES 


example, Mr. Cochrane’s- comparison of ‘Equations (18) and (27) in ‘Table 
shows a very remarkable agreement in intensities. 
LeRoy K. Sherman questions the grouping of the Tennessee stations | 
= with the others included in the Chicago group. As pointed out by Pro ia 
fessor Mayer, the writers are in ‘agreement with his deduction that there 
no material relationship between the intense Precipitation for short 


eae 


to Mr. Sherman’s question: Are irregularities ‘ ‘ironed out” for small 
urban areas the writers’ study of the data led them to believe that 
irregularities are “ironed for areas requiring a time element of 
min, or more, for excessive intensities. However, this may not be true 
annual quantities, as shown by George V W. Pickels,“* M M. Am. Soe. C. E. 
‘Tbe writers made no attempt in this study to relate intensity and run-off £ 
or to secure simultaneous intensity and run-off data, as was done in the | 
ay.’ ie study by Messrs. Horner and Flynt. oe It is evident, however, as § stated by 
ey, Me Sherman, that the intensity rates may be applied to run-off compu- 
tation by the so-c -called 1 rational m method, or by the Sherman unit hydro- 
graph", 12 method, or by empirical graphs, o or tables | of other types. Table 9, 
submitted by Mr. shows the value of careful study in this part 
In his studies of Professor Jones” presented some 
interesting data. he states, ‘however, comparisons, especially with his 


an ogive “curves, ar are difficult. . Although ‘their ‘studies led the writers to a 


ate ant 


periods of time and the quantity of annual rainfall. | 


bony 


lieve that. the quantity of annual rainfall has no relation to the intensity 
‘ ag A le. 
ae for short | durations, it appears that this is true only for the exonesive 


rates with high minimum intensity used by them, as shown under the 
heading, “ Definitions of Terms.” lower intensities are included and 
a large number of storms of minor ‘intensity are added. to the tabulations, ‘Gi 
i. the principle of independence between intensity and annual precipitation is 
= p ‘a ‘modified, and this independence tends to decrease as the minimum rate 


= reduced. example, in Section (a) of Table 1 11, occurrences 

listed by Professor Jones with intensities ess: that used by the 


number 1077 in. total of 1243 items, or more than bot 
even with: hi increase in number of occurrences, the data as shown by 
the analysis of Professor ones may be statistically comparable. Although 


such ‘storms of minor intensity are of great importance from the stand- 


point of storage for agricultural or hydro- electric” purposes, ete... they are 
of slight importance | in the design of ‘storm “sewers” were” not con- 4 


ae by the writers. The ‘stations used were selected on the basis of 


the uniformity in the recorded data as shown in Table 4 + a + 


In Fig. 12 Professor Jones presents chart showing» the quantity- 
intensity relationship, since intensity by time gives the quan- 
tity or accumulated depth. The use minutes in multiplying in this 


particular case gives a d of the quantity instead of the actual depth, 


Ron-Off Investigation Central ‘Mlinois,” Bulletin ‘No. 932. , Eng. Experiment: 
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SCHAF MAYER ON RAINF 
but the ratio is constant. ‘clearly the variations of 
the records of single storms from the Talbot type of formula. The writers 

- also found that records of single storms showed considerable variation . 
from the formula. - However, the averages” of a great many records of 

high intensity appear to fit very 
Mr. Charles W. Sherman brings up an important | point. - Geographical — 

Bs and topographical influences undoubtedly affect rainfall. The stations used, 
however, showed, by recorded data, a similarity of | occurrences of of : 

under the existing geographical and topographical variations. 

Tt is as ‘that several or less remote each 
her shou 
in the excessive range, while’ differing in total annual ‘rainfall, as 
“that several such places might have the same altitude, even if hundreds — 
miles of mountains and valleys Separate them The 
writers realized that the stations used are not “ located within an area 

possessing uniform rainfall characteristics,” as far as total annual 


i i concerned. They believed, however, that these stations have 


similar characteristics in the range of excessive intensities used in their 


for the 659 station-yr fore oo 330 station-yr studies include approximately 
‘three complete registrations of the common or sun- “spot cycle (in so 
as it affects the high intensities considered). As to eycles of the order 
¥ of hundreds of years, the writers agree with Mr. Sherman that the station- 


method no indication of the | effect of such ey« eye ‘les. More ye 


“ums (6) and MM were based on the studies for the published 
paper and on unpublished studies of storm patterns which Mr. Grant had 
been making for some years prior to his death and which were somewhat a 

to the studies by Frank A. Mar ston,”° Am. Soe. C. ‘referred 
to by Mr. Sherman. Because the Chicago gages are spaced irregularly 

, and some are considerable distances apart, only fragmentary storm maps 

were secured in many “cases. . Only a comparatively few close d isohyetals 

4 near the storm centers could be developed, and most of the storms appeared 
to be much more irregular in shape and movement than those reported by 
Mr. Marston. Because these studies wore incomplete, iti was decided 1 not. 


made to the paper?® by However; since this. aspect (of the 
neral rainfall problem was noted in Conclusions - (6) and (7), perhaps 
uch a reference should have been made. jo Satin “eal, 
_ The inaccuracy of the tilting bucket type of record for very 2 el 
Intensities is pertinently noted by Professor Cox. Undoubtedly, the under-— 
ordin, ecurs the periods of very high intensities. 
statement quoted that “no factor used for the he precipi- 
tation corresponding to any durati 


— 
4 
— 
TO . 
ort 4 
— 
rue 
3 
“= 
> 
be- 
ions, 
tion 
rate 
— 
but 
are | 4 
tity: 
this 
iment 


JUENCIES 
correction factor in using the published herever observers, 
in preparing rainfall data for publication, may have distributed an excess, — 
as shown by stick measurement over the automatic record, such distribution — 
or correction, | of course, was included in the published records, and was 
us used by writers. No study was ‘made to determine tl the extent of ‘such 
correction or distribution and no special consideration was given to it 
esi to ‘mention | it in Item (d) under the heading, “ Deficiencies in 
Data.” ne A study was made for the Chicago District to determine the ‘time 
year when excessive rates occur. chart showing these occurrences 
and their dates is included among the unpublished papers, and it can 
_ summarized by stating that all the excessive rates for this District occurred 
between May 1. and October 21. The ‘comments of Professor as 
pas conditions aifecting run-off, other than the rainfall rate, apply more 
directly tos suburban or rural areas. In metropolitan se sewer districts with 
‘large proportions of impervious areas ‘those other factors have diminishing “4 
influences on the rate of run- -off. iy slate 
Drummond’s charts, shown in Figs. 13° and 14, supply 
information and should aid an engineer in determining whether the results — a 
these studies can be applied to his local problem. A 
The - statistical analyses of the results of these studies ‘presented by 
Professor Eugene L. Grant, provide tests of validity of a different 


any considered by the writers. is gratifying to note that they 


= 


qualify under such tests. The important implication, emphasized by 3 
Professor Grant , and again by Professor Meyer, is that, within the high 
brackets used in theses studies, stations many hundred miles 


a 
apart with ‘dissimilar annual rainfall « characteristics have "similar 


| Bogert emphasizes the run- off factor in the final design ‘of sizes 
and capacity of drains. writer agrees with Mr. Bogert that “these 


me 
studies with only one e of the elements cor concerned. However, the 


The : ‘statement by Mr. Eiffert that judgment and caution should be used ; 

in applying the station-year method is undoubtedly true. It was the © 
opinion of the writers, however, that: the ‘similar characteristics for the 
high intensities shown in 1 the data ‘assembled in their studies as well as as in 
4 the studies by Meyer* justified using the stations selected. Mr. Eiffert’s — 
‘comments as to cycles as well as those of Mr. Charles W. Sherman are 
quite correct. Although the 19- station and the 10-station series in the 
paper _include approximately three of the sun- -spot cycles, they ‘cannot 
show the effect of long-term eycles. Some of the older local stations and 
the two Chicago stations of the U. ss. Ww eather Bureau, in the ‘Chicago 
District series show ‘more than one complete sun- spot cycle. “The 


stations in Chicago are of recent date that they do not cover “even 
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ina of local records will alter the local date somewhat. 
“qriters were in complete agreement with Mr. -Eiffert as to. the need for 
As stated by Mr. Jarvis, the streighi-line relationship is more apparent 
in-some--cases than-in others. The writers~ noted, however, that the di- 
vergence appeared to decrease as the “quantity of data “inereased. The 
variations from a straight line for the Group 1 and Boston data in Fig. 15 
Fig. 16 (a) are interesting and worthy of further study. The 
found the greatest deviations from a straight line in the records of 
the 5-min and 10-min storms. Although ‘the writers) observed the 
apparent arithmetical- geometrical Progression relationships between the in- 
tensity and the corresponding- time intervals, their ‘studies were 
when the paper by Mr. J arvis® was published in 1930. 
Referring to the last part. of Table 20, the WwW eather Bureau 
for excessive rates shown on the top line agrees with the writers’ definition i 
on the bottom line. Unless this is a typographical error, there must have 
a new ruling since that of ‘March, 1934, shown by the writers in Bd 
. detail, under the heading . New Rule of the United States Weather Bureau 
for Tabulation of Excessive Rainfall.” The trend mentioned by Mr. J arvis 
3 indicated in ‘Fig. 2 may | be partly due -to the method followed by the writers. he 
The 19-station. series was developed first. _ Then the Chicago District was 
studied and tabulated, using the Weather Bureau stations, together 
2 - the City and ‘Sanitary District s stations. ‘These latter. stations included data 
from some storms of much higher | intensities than- were recorded on any 


the local W feather Bureau records ; for. Mayiaix 


storm, with diminishing intensities on ‘gages ond. only 
106 j in, recorded for a storm of 1.5 hours’ duration at the official University 

Station of the Ww eather Bureau about 150 miles away. Hence, the averages 

for the Chicago District were higher than those. for the “nineteen. original. L- 
“stations. — Then, the ten stations whose average data were in closest cor- /- 
Tespondence with the Chicago. data, were ‘selected from. the nineteen stations. 
“for the 330 station- -yr_ series. . This. resulted in the averages of the ten 
"ations being higher than those for the entire nineteen stations, but not — 


high as the averages. for the. Chicago District. Gest oil iT 


The study. was prompted by the desire to develop a for using. 
- the cumulative data from an increasing number of rain-gages and. to in- 
-_Yestigate ‘the validity of, the station- -year ‘method of using such data. The 
recent increase in the number of such gages in the Oklahoma*® and Ohio**. 
studies by the Federal Government may still further information 


— 


““The Life History of Rainstorms,” Progress from the Oklahoma Climatic 
Research Center, by C. Warren Thornthwaite, The Geographical Review, _XXVII, No 
2 The Section. of Climatology, Branch of Research, Soil Conservation “Service: U. S. 
g Dept. of Agriculture, is installing in the Muskingum Conservancy District in Southeastern 
Ohio 500 recording stations on 4}-mile quadrates over 8 000° sq miles. One district at 
Coshocton, Ohio, bas, gages on _quadrates of. mile over an area of 6 000 
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AMERICAN SOCIETY OF CIVIL ENGINEERS | 

FLOW CHARACTERISTICS IN ELBOW 

A. Mockore,? M. AM. Soc.C.E. 

Win Discussions sy Messrs. F. T. Mavis, Jerome Fer, R. E. B. Suarp, L LP 
HHarza, R. Fospiok, Howarp L. Cooper, anp C. A. Mockmore. 

= 1e purpose e of t lis stu y was investigate the flow iaracteristics in the a 
elbow draft- tube, emphasis on the bent part of the a 

on 

of Tow 

se ii second part of the study involved the design, construction, and testing in 

oof several model draft- tubes, patterned after the type of those at-the Bonne: te 

ville Dam, on the Columbia River, in Oregon. The model draft-tubes, as — «@ 

well as the experimental pipe bends, were made of pyralin, a transparent 

material through which it was possible to take photographs of the phenomena. tul 
Motion pictures were made for all conditions of flow in the pipe bends and the W 

‘The tests indicated that the pipe bend which was flattened in the ‘direction - 

of the plane of the bend offered less resistance to flow than any of the other ) 4 

bends » regardless of cross- ~sectional area. It also appeared that the distance 

between the inside and outside walls at the outlet of the bend of re lg 

_ draft-tube should be small compared to the throat diameter of the aah ba oa * 

Punetion of Draft- Tubes. draft- -tube of a water turbine is an exten- “fe 

sion of the wheel ‘passages, made so 80 to perform two principal functions: 


+ Based upon a thesis submitted to the State University of Towa in partial fulfillment 
of the requirements for the degree of Doctor of Philosophy. ‘The data supporting this 
paper have been filed complete for reference in the Library of the State University « of 
Towa, City, Iowa, and in Societies in York, N. 
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(1) To ‘ae, the velocity of the water in an efficient manner as itp passes 
~ through the tube; and (2) to permit the turbine runner to be placed at a 
as Jt would be difficult to. state which of these two functions is the more 
agent because their relative values may change from one installation to 
another, depending upon the physical conditions of the plant. Whatever the _ 
= values may be, the total head should not exceed about 25 ft; and this 
- should vary inversely with the specific speed of of the turbine, in order that 
Historical Development of Draft-Tubes.—For those who may be interested — y 
ia the historical development of draft-tubes, the e Appendix will serve as a valu- 7 
able check list of reading material’. In general, they may be divided into 
two. classes: (a) Those having straight axes; and (b) those having curved a 
- axes. - This paper presents in detail a study of the flow characteristics in a 
quarter- -turn draft-tubes. Draft-tubes with straight axes, mentioned only 
incidentally herein, have been studied further at the State University of 
_ The most recent and most complete study of draft- tube literature the 
writer has been able to obtain was reported in April, 1935, by the National _ ; 
Bureau of Standards (16), « of the Department of Commerce, at the request a 


of the Tennessee Valley Authority. According to the report, ” 

bi. “The purpose of this _ investigation was to examine and report on all 
published literature on draft- tubes published in English and foreign lan-— 
guages during the past 20 years, to prepare an annotated bibliography of this 
material, and to make recommendations as to the need for further experiments — _ 
on draft-tubes, and as to direction which such take.” 


The current design of draft- tubes,” to the ‘report, “shows a 


persistent tendency to depart from the use of the spreading and symmetrical E 
types.” This is attributed to the better structural features of the elbow 
draft-tubes and to the improvement in their hydraulic efficiencies. As an - 
example of the findings i in improved efficiency for the elbow draft- -tube, refer-— = 
ence is made to the Lilla Edet (17) experiments in which ¢ a “special curved 
tube, shallow and very long, proved to be superior to the Moody (11) and 
White (9) tubes at full load performance.” 
listing of the recent installations of qu draft-tubes, such as ‘hee 
given by J. S. Ball (18), seems to vindicate the pioneer work of the ue ; 
‘Gardner S. Williams, M. Am. Soc. C. E., who was among the earliest to > ol = 
- that the elbow draft-tube may have as high efficiency as any other tube built. — . 
However, this is not to be construed to mean that the elbow draft-tube will 
entirely displace draft-t -tubes having straight | axes, No one type eof 
tube could possibly be superior to all other types under all conditions of = 
. tion, It was in this connection that Dr. D. Thoma (19) stated: ‘It is 
fimnly established today that a given -draft-tube may be the best possible form 
| for one runner, but not for another. Consequently, the runner and draft-tube © 
be investigated as a single system. 


*In this numerals in parentheses, thus refer to corresponding numbers 
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the’ ‘report: (16) by the Bureau of Standards, hypothetical form’ of 
draft: tube was assumed as made up of four principal parts for the purposes 
discussion. ~The fourth part was added following the bend, and assumied’ as 


= consisting of | a-séetion of the tube in” which there wis no increase in eross- 
_ sectional area. It appears that this part was added to take care of the ug 
4 gestion of Viktor Kaplan (13) that in his” ‘experiments he found ‘that: ‘the 
- addition « of such a section had increased the efficiency of the draft-tube, ° “To 
- writer it agin that this i is merely a — of the bend, oF should wa pre 


in diminishing degree until near the erid of ‘the bend) 
there is little or no ) increase in in ¢ross-sectional ‘area from ‘section’ to a 
tion. Then, as as the lower leg i is encountered, the- flare may again be resumed, 


nae 4 


EXPERIMENTS Wir. PIPE Benps 
_ Notation—The_ symbols used throughout: this paper are ‘defined: 


7 they 1 first appear. An effort has been made to conform a as nearly as practicable 
> with “Symbols for Hydraulics’ ’, compiled by a committee of the. American . . 
"Standards Association, with Society and approved by..th 
Association in 1929.. A.—Z10b—1929.) of bas. 
Theory of Induced Spirals in Pipe Bends. The bend of the quarter: turn 
= po draft- tube is the part in which the greatest complications | arise in. the func- 
tion. of velocity reduction. In fact, complications are jnherent with the flow 
of water in any channel where the filaments are forced to undergo:a general 
change of direction. stream- line flow of. equal, velocities at 
the entrance to a bend, and if frie 
tion could be eliminated, “no com- 
plications of any y great import would 
| encountered. With a whitl 
at the entrance toa 
ee? bend, even without frictional resis- 


tance, complications would arise 


pipe can be made in which 
resistance to flow will not 
exist. ‘Therefore, ‘the filaments ‘of 
near the walls of the pipe will: 


abe be of, less velocity than those near 


Te. 


the center, and, as the water. enters 


‘a bend, a spiral flow is induced 


— 

— ~Uharacterisive Farts of a appears logical that an elbow. 
a type _draft-tube mav be considered as composed of three princinal 
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at distance, r, from Point O (Fig. 1) have length and breadth, endian a 
thickness, dr. Its volume then would be infinitesimally small as represented 
by the expression: aQ= dr; a and mass would be, ot first 


‘in which w = the weight per unit volume; and g = the acceleration of 
ey, From ‘mechanics it is known that the centrifugal force induced by the 
water moving with a velocity, V, being deflected (20) by a circular bend of © 


d 


‘The area of the side of ' the small block is unity, since it is of unit length © 
and breadth, and the intensity of pressure, increased on the left side of the — 


the velositios of the flaments Points a and are considered 
equal, and if the i inner radius is designated by ri and the outer radius by 7. 


the difference in ressure | between these limits integrates into the ‘followin; 4 
old 


fy 


fe io nol [te dr wad oldipang 7 


wot Equation (4) indicates that the difference i in pressure caused by the centri- 

fugal force is a function of the square of the velocity. : ‘Iti is similar to the 


he which, F = the force, in pounds; V 7 = the velocity of the jet, in feet p per 
second; and W | = the flow of water, in pounds per second. The weight, in 
Pounds per second, is then a funtion of velocity, so that the force, F, is a oe 
funetion of ‘the s square of the , velocity. Thus, it appears logical that as the 
bend i is encountered the pressure either should be increased at Point e (Fig.1), 
or reduced at Point a by some ‘amount, not necessarily exactly equal to that 7 


Rian by Equation (4), because the velocities along the traverse between 


Points a and e are not all of equal magnitude. These velocities will change 
as the pressures change | in the flow around the bend, and — — wil 
oceur even in advance of the bend. 
If all the filamental velocities of the water were equal at the _— to 
the bend (a condition which could not be obtained easily without a very ery 
- special apparatus) the pressure at Point d (Fig. 1) would be the same as 
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‘to of water from Point b toward Point d will tend to ‘tales’ place, Likewise, 
_ movement will tend to occur from Point a toward Point b, and a double spiral 
a is induced. The two principal causes of this condition are: (1) The « centri- 
 fugal force in the | pipe bend; and (2) the existence 2 of friction on the Pipe 
walls so as to give higher velocities near the center of the pipe than near 
4 the walls . Under actual conditions the ‘Particles of water “near Point ¢ 
_ (Fig. 1), might progress in a path such as e-e’-e”, and another particle, such 
as at Point a, might progress in a path such as a-a’-a". 
Ane explanation « of the induced spiral probably was was offered first by Professor 
_ James Thomson (21), in 1876. Recently, tests on the flow of water around 
bends in pipes | were conducted by D. L. Yarnell and the late F. A. Nagler (99), 
Members, Am. Soc. OC. E. , at the Towa Institute of Hydraulic Research. These 
_ experiments were undertaken for the purpose of determining the laws govern- 
> ji the changes: in pressure and velocity in different parts of the flowing 
tream, as the moving water “undergoes the transition from motion a 
straight path to motion around a curve, and then as it undergoes the opposite 
_ transition back to final straight-line motion. These experiments are especi- 
- cally 1 valuable because of the numerous Pitot tube measurements of the velocity ; 
and pressure at the various sections of the pipe bends. Several different — 
shapes of the pipe bends were used, and tests were made to determine the 
0 of head due to flow around each bend. closing statement in the 
 eussion of that paper is of particular interest to the designer of an elbow 
_ draft-tube: “Probably the most important finding i in the investigation is that — 


& is possible to have such conditions of flow that the loss of head may be very 


| 


little, or unusually large, i in the same bend for identical discharges”, depend- 

_ ing upon the velocity distribution at the « entrance to the bend. a 

Several of the pipe bends reported in this paper were sent to the lows } 
" Tnstitute of of Hydraulic Research and were tested for flow characteristics. a 


art of the > results of these tests ‘were described by Messrs. 


Se which p p= = density of the fluid; ¢ = element of time; Vz. = 


of sssalie along the X-axis; Vy = = component of velocity along the Y- axis; 
Ve = component of velocity along the Z-axis. 
age The density of the water r may be regarded as eonabecet, and the ‘equation 0! 0 


lt the motion is rotational (23) ‘the curl of the velocity vector is zero, and | 


= 


— 
—— that at Point b; but, due to the lower velocities in the elementary strip, ¢-4, _ 
— 
| 
4 
— 
a 
— 
uation of continuity — 
— 
a 


anid For irrotational motion, t 


X,Y,and Z, are: Ve = — = — —; and Vz = 


Ye tpg this is taken as a special case of two-dimensional flow, say, in the 
real part, of any function, in), of a complex variable satis- 
fies the equation for the velocity potential, and, at the ‘same time, the imagi- 
onary part gives the wed Assume that: 
+ 


__ Streamlines 


8 10 12 14 16 18 c= 


Equations (11) and (12) satisfy specifications for two- 
74 flow since the divergence i is zero: nls 
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CHARACTERISTICS IN ELBOW DRAFT- 

ond: To | design a a pipe bend from this relation and not. to take friction into 

i 4 eccount, of course, would omit an essential factor in the flow of water hh 


the point, T, were used as (1, 12) instead a the (1, the an 


; at Point D would become large. To use (0.5,18) instead of (1,18) made the 
q width, A -B, rather large and, at. the same time, gave 


io Point A. To : avoid an abrupt angle at Point D, 1 in. was added to each of 
the the x rand y-distances to afford an an opportunity to ‘smooth o out the hyperbole 


a sharper curve near 


the bend. The leg L, of the pipe thus 16 in. as 


‘distance across “the from side-wall side-wall, measured 


YT 


de 


= a constant; 2 2 dr — dy = 0; — = ; and, 


a 


= 
2 
4 
= 9 (which is the special ease half- -way around { the 


The area the cross- “section of the pipe half-way -way the bend, Fig. 2, 
zy = 18 = 


the z= 80 that, (2)* = 18 a. They 


. (ays = = dx, (2) = 3 —; 


and, dA; = LdD, a Since the radius, r, of the entrance o 


e 

pipe is 3 in,, the length, of elemental area, dA, 


— 


Fe urd 
ipe was designed, more or less by trial, 
ingly, a bend suitable for a 0-1 p 
— 
— 
4 
— 
5 
— 
— 
"44 
— 
| 


generating angle of a cone equivalent increase in area 
in the same length as this hyperbolic bend between entrance and vertex was 
‘computed and found to be 4° 20’, which is well below the usual allowable 
- value of the angle of oes for draft- tubes. This bend hereafter will be 


referred to as Bend No. 2. No. 1 is a 6-in. pipe hand of 


Ves. 


| 


BEND NO. 4 


Fic. 


‘Am. Soc. C. E., has designing a wih 
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Equation (17) is an elliptic integral, which can be evaluated. By plot- 
in 
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— 
the 
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a . sh By assuming values of a in 1 Equation (18), the side-walls of the bend were 
“i obtained. This bend would always bulge at the vertex. The final dimensions 
Sa of the bend, as adopted for testing, had a diameter at the vertex of 7.06 in, 
os ane entrance diameter of 6 in., and a leg length of 15 in. ‘This was obtained 
” by taking values of a for the inside wall, the axis, and the outside wall, 
— equal to 7. 88, 10, and 12. 12, : in., , respectively. By using these values of a the 
agi leg length would have become 14.14 in., but. this was arbitrarily increased 
7 to 15 in. » making the additional leg length have parallel side-walls as in a 
«6 -in. cylinder. Hereafter, this pipe bend will be designated as Bend No, 3 8, 
Professor Nagler r suggested making a bend having ‘all: eross- sections 
elliptical and of equal area. The axis of the bend was a quia with a 
— of 15 in. as shown in Fig. 3. | The maximum width of section was 
arbitrarily fixed at 10 in., giving a maximum angle between axis and side- 
— wall of about 10 degrees. 3 It i is apparent from Fig. 3 that the side-walls, B-@ 
= B-F, are not straight lines, but are drawn in to form smooth curves, By 
assuming the distance, F-G, as 10 in., and maintaining an area at ‘the v verter 
_ equivalent to that of a 6-in. circle, the ellipse had the dimension, D-E, . 
(86 in. . Hereafter, this bend will be referred to as Bend ‘No. i ie 
Another: bend (No. 5) was designed by using the same axis as in - 
3 ease of Bend No. 3, and applying Equation (18) with a = 10 in. The side 
— were designed to constrict the flow at the vertex of the bend, giving an 
__ arbitrary minimum diameter of 4 in. The increase in velocity freien entrance 
of bend to the mid-section wen envainel to vary as in a straight line i in 
aecordance with the theory of a -draft- tube, ‘suggested by F Prasil (24). 
a ‘The dimensions of this bend are shown 3 in Fig. 3. _ The differential equation 
required to represent the reduction in velocity, and the deceleration - ; 
—-‘Tinear: ‘fenstion of the distance measured along the axis of the bend is: a 


(19) 
in ae fo = radius of the pipe; z = = distance out eae origin to the point 
_ where ro is measured; and, = angle between the axis and the side-wall where : 


>} is measured. Then, 2 wdr = = — rodz; 2 x dro + rodx = 0; d(r’oz) =0; 
which represents | a straight 


q a This ¢ curve bes a slope of 45° at the origin, and is horizontal at its s maximum a 
int wh ere and e radius of curvature is infinity at ‘the 
and is 0.54 at the maximum point. . The part of the curve 
the origin ‘and the m maximum point was used to make one-half the bend; a 

iy and then it was turned over to make the other half of the bend, as shom a 


— 
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> the velocity. is differentiated: with respect to time, the result will 


‘This, again, is a linear equation in 2, since velocity 


te ‘variation from the e1 entrance to the mid-point of this bend is shown i in Fig. 3 . 

for a special case in which the rate of flow is 1.0 cu ft per sec. find lenges? 

TABLE 1. —Summany or Pire-Benp Dimensions 


Vi 


j 
| Vertex area, Length of Generating angle of | Radius of curvature 
in square i bend on axis, equivalent conical of axis at vertex of — 4 
inches” inches tube, in degrees bend, in 


4° 20° & 120 
28.27 
ee Table 1 shows a summary of the dimensions of Bends Nos. 1 to 5, each vail - 
which had an entrance diameter of 6 bar and (except Bend No. 1, in which, © 
* = 8), a le leg length of 15 in. 
Construction of Pipe Bends.—All bends were constructed of 
transparent pyralin. After some preliminary experiments it was discovered 
thet this material would become plastic when heated toa a temperature of al about 


“shapes ond cooled, it again became rigid. 
first stage in the construction of the bends was to make the moulds 
for pressing the material into the desired shapes. Full -sized drawings were were 
made showing the intersections of planes passed through the bend parallel 
to, and at distances, in inches, of 1, 2, 3, ete., from the axis. . The traces 
uation : marking» the intersection of the planes with the barrel of the pipe formed 
1 as 8 templates for marking the pieces of l-in. sugar pine lumber so that they 
could be cut with a band-saw to the proper shapes. These pieces were then 
| "glued together and gouged out with a chisel to obtain the various 1s cross-sec- 
. (19) j tions according to the different designs. Allowance was made in the con- 
cena + ‘struction of the moulds for the }4-in. thickness of the pyralin between the ty two 
where ‘ a The material was heated i in an electric oven at a temperature of about 
d mM oe F, and when the sheets becam e plastic they were placed between the 
7 moulds and pressed into shape. “The pieces were put together with cement 
made by dissolving pyralin in acetone. 
4 ijl the material was heated too much, it would lose its transparency ; if ‘not - ta 
aa enough, it would wrinkle when pressed into warped surfaces; 
if heated too quickly, the surface became “frosty”, and impaired the twane- 
parency. The “frosty” condition was overcome by rubbing the material with 
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Laboratory Experiments with Pipe Bonds—Fig. 4 shows the general | = 
arrangement of the apparatus during a test. water, admitted at Point K, 
flowed through a conical expanding tube, and was deflected by a flat 
a into Tank A. A conical bottom, C, and guide- -vanes in the bottom of os se 
 head-water tank directed water, with or without a whirl ‘component 
desired, into a vertical pipe, D, in. in 24 in. long, above the | 


« 


4 bs 


om = 


| 


dd Leon 


inna il, _bolows 


‘The velocities of the water filaments were measured with a Pitot tube he 

which was calibrated at the State University of Towa, the Colorado Agricul- 

tural College, and at ‘the Oregon State College. Its coefficient was found 
pe to be 0.86. « noqutg of mas basil 
+ ‘The rate of flow was determined by volumetric ‘measurement. — The water 
flowing from. the test apparatus was collected in a concrete tank, and by use 
’ of a stop-watch and point-gage, readings were taken to determine the time ps 
‘Tequired to to raise the water surface to a given level i in the tank so that the 
al ‘The bends were tested with two types of flow: (1) Direct flow without 

whirl component; and (2) helical flow, or that with a whirl ‘component at 
4 the entrance to the bend. It has been stated that when the water f 
approaches the bend with approximately uniform filamental velocities, there 
a - will be an induced double spiral as shown in Fig. .1. That this double spiral 
a actually developed to a marked _ is indicated by Fig. 5(a), which is a 


string stretched the Pitot marked B-B’, 


= 

= 

and fitted with a discharge 

—_ second tank B. This tank was open at the top and fitted with a tec 

— 

> 

= 

— 

— 

- 

My 


attached! to this string are “several short Pieces | of yarn. The yarns show that 
the filaments of flow near the side-w walls of the pipe; as at B and B’, “have 
veloc ity components toward the inside of the bend, whereas the filaments of a 


au 


flow near the center of the pipe have velocity components toward the out- aa 
“< wall of the bend. A double sp piral flow has been induced, as shown in 

x “Y is eer for a a single spiral to exist in a pipe bend, with the water 
_ totating in one direction or the other, depending on the flow at the entrance ~ 


7, to the bend. This was shown in a series of experiments conducted by Messrs. 

a Yarnell and Nagler (22) in 1934, in which the water at one side of = 

ny entrance to the bend had higher filamental velocities than on the other side. 
On the side where the axial velocities were small the water would move toward _ 


the inside, and on the the were large the 


a double spiral. 


* and 4. In these diagrams the points marked A are at the outside of ‘he - 
bend, and the points marked A’ are at the inside of the bend. In all cases” C 
_ the view is looking down stream. From these diagrams it is evident that, 
= the water approached the bend, the filaments | of flow along the inside of 
the bend accelerated until they reached | a@ maximum n velocity about half- -way ‘a 
‘around the bend. From that point the thread of maximum velocity moved to _ 
Attention should be called to. ‘he contours 
Bends Nos. 2 and 4. _ This was caused by having the cone in the head- water 
tank, A (Fig. 4), slightly off center. When + this cone was centered the velocity — 
contours were symmetrical about the center of the 5 pipe, as ; shown for Bends — 
Nos. 1 and 3 (see Fig. 6). It should be noted that any minor disturbance up 
stream from the bend was found to be reflected in the velocity m3 ee 


Curves were drawn for the velocity head and head for 
all bends, as shown in Fig. 1. In the data the pressure has been r recorded as Ps 


i for brevity, ' which was the indicated pressure head as given by. the pressure — . 
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HEab AND ConTOURS aT DIFFERENT ‘Sections 


a 
“3 


orifice of: the Pitot obtain in the corrected head the 


for the Pitot tube was used: 


‘ F ro for all the reading 3, be —, ‘and 


4 as shown in Fig. 7. 

a _ Tests were made to ascertain which of ‘the bends induced the least loss of 
head for-a-given rate of flow. ‘A-bend was placed. the apparatus | as 8 


at Fi in Fig. 4, and the v water was admitted at a given rate 80 > that 


offered the least to flow. Asa a check against this the 


5 

ina 6-in. pipe, loss was s 0.0302 per ft 

— 

vine The and of head i in bends, expressed in. terms of the velocity 


and exclusive ot frictional ‘veaistance, was as follows: 


Bena No. Loss of head in 90° bend 
(exclusive of friction) 


VIM. ASF 


29 


yp 


seme? or 


of the others, the advantage 3 being more 30 
= cent. Its advantage over the standard short- radius. bend was more 
than 15 “per cent. By an inspection of Figs. 5(a) and 8(a) it will 
apparent that the induced spirals were more “pronounced | in Bend No. 4 
than in No. Bend—No. 4 has an additional advantage. over 
other bends when applied to elbow tubes because it is~flattened 
properly to avoid excessive excavation. ‘This was a fortunate finding-in the 
light of draft- -tube construction, because of the. desirability of widening 
the tube laterally to reduce excavation costs. OV — 
‘Helical flow, or that with a whirl « component at the ‘entrance to the bend, 
was produeed by “placing a ‘stationary wheel the apparatus at Poin D. 
(see Fig. A). Only one type of whirl was used, where the appeared 


Bend No. 2 is shown in Fig. 9(a)_ with i vat 


4 entrance. The dark areas were ante by admitting air in the ‘stream of 


vail 
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tyr 


“inflowing water. The air babble into the region of least’ 
‘near the center of the whirl, and when a light was placed behind the Pipe 


the air bubbles ‘intercepted het ont 


tdo to of 

of 
to! bre Wo 


> — 
— 
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Helical flow caused pulsations i in all the it 
Bend’ No. a. ‘When the angle of whirl at the entrance to the bend was about 
45° and the rate of flow was 0.8 cu ft per see, the center of the vertex whipped — 
back and forth from the inside to the outside of the bend at at the rate of f 240 
times. per min. . This caused considerable vibration of the apparatus. ae. 
= rs _ Fig. 5(b) shows helical flow in Bend No. 3. In this case the CTOss-8e0- 
% tional area increased from the entrarice to the vertex of the bend, but not 
as much as in Bend No. 2. ‘The principal difference i in the two bends was 
that one had circular cross- -sections and the other elliptical sections with a 
— long axis in the plane of the the bend. Me There | was” considerable vibration in. 
Bend No. 2, whereas there wi was very little vibration in Bend No. 3 under 
be The center of ‘the whirl. j in Bend No. 5, as shown in * 9(0), was well 
»! defined in the upper (converging) half of the bend, but beyond the vertex of 
Pe the bend the center of the whirl became disturbed, simitier. to: that i in the first 
i half of Bend No. 3 (see Fig. 5(b)). Helical flow in Bend No. 4 (the bend 
_ which caused the least resistance to direct flow) caused some vibration, but 
to the marked degree noted in tests of Bend No. 2. 
‘The center of the vortex. immediately ahead of the the bends 
ud very little if any motion in the general direction | of flow in the pipe 


is Just below the wheel at Point D (Fig. 4), there was a well-defined region near 


the center of the pipe in which the flow was toward the wheel. Mr. W. 
Ramsey (25) has expressed his belief that when there is whirling flow in a 
draft- tube, whether of straight | or axis, there i isa movement 


turbine runner. In none of the bends or model draft-tubes 
< described in this p paper did 1 the | region of backward movement of water a 
half-way around the bend, and in most cases it did not reach as far as 

alt bend. Motion pictures were made of the flow through all the bends and da’ E 

“(a tubes to establish a permanent record of the conditions of flow. —_— Ba 
of... No velocity measurements were theide 3 in any of the experimental bends or 
draft- tubes described in | this paper when there w: was a a whirl component of flow. 
4 When a Pitot tube is used for velocity measurements, the fluid should flow 
_— past the velocity and prqenre: openings in exactly the same manner as it did 
_ 4 when the tube was calibrated, otherwise the velocity | measurements may be of 
little value. greater the angle of whirl in a pipe the greater will be 
Aa 2 the difficulty of obtaining correct velocity measurements with a Pitot tube; 
particularly is this true if it is ‘not possible to the 


past the end of the tube. 
Constre iction of Model Draft- Tubes. —During 1933 Fed- 
gral Government appropriated funds for the construction of a dam at Bonne- 
ville, Ore., across the Columbia : River. The model of the draft-tubes for this 
were made of transparent pyralin, the same that of the pipe bends” 4 
d. Moulds were made of wood, and these moulds — 


FLOW CHARACTERISTICS IN ELBOW DRAFT-TUBES 
— 
- 
— 
4 
a 
y 
= 
7 ¥ 
— 
— 


FLOW CHARACTERISTICS | ELBOW DRAFT- 
4 were used to press the sheets of transparent material into the desired shapes. 
Some trouble was encountered in pressing the flat sheets” into such warped 
= but for the most part a fairly workmanlike and finished model draft- i 
; ‘tube was obtained. . Fig. 10 shows the moulds for a typical draft-tube bend. 
‘ The mould on the left was for the lower half of the bend of Model Draft- -Tube 
k No. 1 and that on the right was for the inner half of the bend of the same 
Pyralin is superior to glass as a transparent material 
build model draft- tubes because of its durability and ease of fabrication. — 
-Prasil (26) used glass in the construction of a draft- tube with a straight 
t - center line, but no mention was made of the the use of Pitot ot tube connections in 
3 his experiments. i Piezometer connections can can be made much more easily ini -_ 
pyralin than of glass, with less trouble due to breaking. 


the design of the draft- tubes for the U. Ss. Department 
made in the office at Portland, Ore. No information as to their 
i. sign was available to the writer other than the detail drawings, such as shown — 
in Fig. 11, Draft-Tube No. 4, and the: cross-sectional areas at different points 
— flong the axis of the tubes, as shown in Table 2. The cross-sections of Tube 7 
‘ No, 1 are not circular at any point along its axis except at the entrance. a 
E The tube expands at the same rate as a cone having a 6° generating — 


angle, There is no “splitter”, and the bearing partition ‘does: not ‘enter 
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- 

“the feature of this bend is the manner in “which the: walls 
“dished” down on ‘the inside of the: bend ‘and: lower’ 


= 


boi 
WR; 


ALF 
THROAT ax 


Tube 2 has a 1 6° cone for the vertical leg. leg i is rectangular 
in section. _ The “splitter” extends completely around the bend, as shown in 
it and the bearing partition bap at about the middle of the bend. | 


Anmas or AREAS OF Sections, Squant 
INCHES, Fo FOR DIFFERENT  Incues, ror Dirrereyt 


Drarr-Tuses. | in | Move. Drarr-Toses 


1 No. 2 


_  « Tu ibe No. 3 is dished | on the ‘inside of the bend, but to to a less degree 4 

than Tube No. ‘ ~The vertical leg widens in a direction normal to the plane 

of the bend, and there is no ‘The areas of the sections at different 


tube ‘ate about the same as ‘that for a cone 


» | 


a 


— 
| 
Sesto] 2 «—8.87" -8.87" 
LARA A ANSE ct 
— 
’ 
— 
ef 
— 
No. | square No, | square 
| imehes | ube |. Tube | Tube | inches ‘Tube 
| 60.0 | 615 60.0] 45.5 | 14 | 132.8 135.5 | 
7 | 67.7 | 60.0 | 66.4 | 45.5 | 15 | 146.0 | 143:0 | 148.5 | 146.50 
| 75.7.) 65.0 | .75.0 | 55.6 | 16 |. 180.0 | 168.0 | | 
( 
— 
bend, as shown in Fig. 13800000 


as the model draft. for the U. Engineer Department. The 
given data were: be (1) Elevation of entrance of draft-tube; (2) entrance a 


8.87"— 


Fig. 12. OF MopeL Drart- Tvse No. 


diameter; (3) elevation of top edge of outlet ; (4) maximum width; 


th; an 


normal discharge. The | "vertical leg of the tube was “made long as 


i: could be conveniently, so that the velocity would be reduced before the water | 

“si mt 


entered the bent part of the tube. was trumpet- -shaped, as by 


(24). This type of vertical leg appeared to have certain advantages 
since the dec 
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‘The ang angle of flare of 7° was s¢ 

writer and by Hofmann (8). _ Draft-Tube No. 2, which showed a very - 


efficiency, had an angle of flare of 6 degrees. ‘Hofmann reported that an 


angle: of flare of 8.5°. could be used to advantage, and common practice q 
_ draft-tube design has shown that 9 a flare somewhat ay, than 6° could 


4 For purposes of design, the rate of flow was taken as 1.0 eu ft per sec, 


The mean velocity i in the 6-in. entrance to the tube wa was 5.08 ft per per sec. Then, 4 
at Section 7.23, the radius of the “tube became 2% = 38.00 + 7.23 tan r 


3.89 in.; and, V = . 3. 03 ft per sec. _ These values are 
Sof to be substituted in Equation (20) which was derived by use of the theory 


5.08 Ft per Sec 3,= 1725 Ft per suggested by Prasil (24). At the 


entrance to the tube (see Fig. 14), 
a was found to be 17.94 in. and, ol 


rate of deceleration 


J 


Q 


; and 


Lai reduction of velocity per inch 


distance along the axis is, 
Fic. 14. LINE VELOCITY AND 
_DECELERATION CURVES -PRASIL (6: 08 — — 3.03) ft we 


ft; the at Section 10 is, 5.08 — 10 (0.2835) = 
ft per sec; and, 8 = 17 

ar From ‘Section 10 the increase in area of the tube is the same as that ae 

a 7° cone. It should be noted that where the change occurs s from a Prasil 


section to ‘a conical section, there is an abrupt change in the deceleration, 


as shown i in Fig. 15. Dina deceleration in a cone is given by the pqnetieny ae 


4 in which, ro = radius . of cone at entrance of tube; * = entrance velocity of 
water; and, nel = velocity of water at any other se section where deceleration is 


= 


a9 


= 


= 
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Se ia 4 3 100d of inducing cavitation. The length o e ical 
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_ 
‘The radius of a circle having an area - 0.448 sa ft at Section 10, 
substituted in Equation (23), yields, Bip = (tam 7°) (2.25)? 
per sec’. Thus, the drops suddenly from 4. 6 ft p per se sec. 
in to 33 ft per sec.”, as shown in Fig. 15. The deceleration at the entrance 
of the Prasil tube was computed to be 12. a8 ft sec.", as to 15. 3 ft 


per sec.” at the entrance of a =, cone. a 


Velocity, in Feet per Second 
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Ins Fig. AND DECELERATION 1 1n Mover Drarr-Tusp No. 4 ad lo 


ots | The horizontal leg of the draft-tube, as designed, was rectangular i in sec- 
tion. The upper wall was a plane surface, the sides were parallel, and the 
floor slope. was varied in the direction of flow to provide for be increase in 
area necessary to obtain the flare equivalent to 7” cone. Fig. 


adie the upper end of the bent part the cross-sections were circular and at 
the lower end they were rectangular. The side curves were drawn in to obtain le 
@ smooth curve as shown i in the view. The outside curves were 


Radin cross-sections 8 of the bend in the draft-tube were patterned after the 
energy and velocity cor contours obtained for the test on Bend No. 4 and shown ., = 
_ in Sections 4, Figs. 6 and 7. The general plan of the design of the cross-sec- me 
= tions of the be bend was as follows: At the beginning of the bend, use a circular 
ae ‘cross- -section ; at 223°, use a an elliptical section ; at 45°, use an ‘ellipse o of 
atten eccentricity for the inside than for the outside part of the section; 


and, at at the end of use a rectan lar ‘section. 
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equation suitable for ‘obtaiz ning such curves: as could used for the 
a sections between the vertex and the end of the bend where the transition must 


be made from an ellipse to a rectangle, has the general form: Se 


j 


jis 


6.82" 


the values of a onl be scaled from Fig. . 16, and the values 
the exponent, n, -eould be varied to obtain the approximate total cross- 


section: that would give the required area, an exact definition of the cross- sec- ssh 
_ tions could be given. However, this refinement was not necessary, and no 


further mathematical of the sections of the bends were made. ot 


we 
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portion ‘of the head doula be reclaimed in the vertical leg of 
Laboratory ‘Tests on Me odel Draft- Tubes. —The tests of the model draft- 


mental pipe bends (see Fig. 4). The only change in this ‘apparatus ¥ was a 

fasten the lower, or outlet, end of tl the d draft- tube to Tank B. The throat of M 
the draft- tube was fastened to the same flange to which th f the — 
pipe bend was fastened, as at Point EF. 

A The water that flowed through the draft-tube was measured by volume — 
* to establish the rate of flow, which was regulated by the valves in the inlet ee 
pipe, K, and in the. outlet pipe, H. | 
sms draft-tube was tested first v with’ a direct flow of the entering water. . « 

_ The pressure at the throat of the tabe was obtained through tour piezometer oF 
‘connections spaced at equal i intervals around it, and the pressure at the exit | 

‘of the tube was obtained from the 2 elevation of the water surface in the tank, B. | 
Pitot tube measurements of velocities in the lower leg of two of the draft- — 

- tubes were recorded for several different rates of po both with and without — 

a obtain whirling 1 flow i in a draft-tube, a ‘special set of curved ‘Vanes was r 

" sed above the entrance to the tube ‘silica the guide- -vanes shown in Fig. i. 
Air was admitted with the water to assist in observing and photogrephing the }-* 

position of the center of the whirl. Motion Pictures | were taken of all 

e efficiency of a draft- tube as a regainer of static pressure has been 
2 defined in various ways. To the. writer it seems logical to define ita s the a 

‘ratio of the head actually recovered to the head available for recovery, or, i 


ae 


DY 


in which p, = the pressure head at the exit of the tube; Po = the pressure > 
“head at the throat of the tube; and Vo = the velocity at the throat of the 
‘ tube. The Power Test Code of the American Society of Mechanical Engi- | 
(28) recommends | deducting the velocity y head at ‘the exit of the tube 
in computing efficiency. Lukseh (6) stated that’ if the discharge velocity 
- deducted in computing the efficiency of a draft- tube the result would be inde- 


terminate if applied to a “straight eylinder, and he concluded “that it is not 
justified to account for the discharge of ‘the draft 
Prag acting in the sense of an improvement of the efficiency of a draft tube.” _ ase 
fe No method was devised by the writer for obtaining the efficiency of draft- 
tle for conditions of flow. the water had a whirling motion 
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W CHARACTERISTICS IN ELBOW DRAFT- “TUBES 


Walls « of the pipe gave no indication of the mean pressure at oun pin 
— Under the conditions of testing as shown i in Fig. 4, the pressure at the Center 
ve the entrance pipe of the draft- tube was below atmospheric, whereas the 


oa pipe was decidedly above atmospheric, 
‘Table 3 shows the. eficiencics of the several draft-tubes under conditions 

of direct flow. Draft- Tube No. 2 showed the highest efficiency (about 65%) 

indicating that it actually converted into pressure head about 65% of the 

velocity head at the throat of the tube. ‘oil 


1 np 


TABL 3.— Summary oF Osserveo Erricienctes or Drart-Tuses 


‘s Flow, | Throat PRESSURES - at} | Pressures 

| in feet | head. | En. head, | En- | Exit 
second |second| 29 | seco! 29 | 

(1) (2) 3) oO | @ 1 @) (5) (6) 


Me, 1.270 | 6.65 | 0.689 | 3.502 | 3.937 | 0.435 


Po 


Tose No. 3, Compiers in Prace 


4.44 | 0.381 
5.13 | 0.409 
5.24 | 0.426 
6.10 | 0.578 
le 6.62 | 0.680 
Tose No. 2, CompLeTs IN Place 


When the horizontal “splitter” in ‘Draft- Tube No. 2 was removed, ‘the tests, 
summarized in ‘Table 3, showed that the efficie ncy was lowered | about 2 per 


rr . Of course, some of the cross- -sectional : areas of the bend were increased 
about | 10% or 15%, but the writer does not believe this could account — 


— Draft- Tubes Nos. 1 and 3 had an efficiency of about 47 per cent. These 

. two tubes had the central portion of the top surface of the entrance to 
the lower leg “dished down” very much in the same manner as shown i in 

eee of a draft-tube ‘developed by G. A. Jessop, Assoc. M. Am. Soe. 
C . E. (29). Although the lowering of the roof part of the entrance of the 
lower leg might have been expected to eliminate the dead-water space -_ 

in some elbow draft-tubes and thus show efficiency as 
‘Tegainer r the results were not very good. tr vd em wo 


ae There appeared to be no ashen difference in the efficiency of the ron 
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| 8.74] 1.185 | 3.360] 3.010] 0.550) 46.5 
| 8.74 | 1.185 | 3.310 | 3.870 | 0.500 | 47.2 || 

| 8.68 | 1.170 3.310 | 3.870 | 0.560 | 47.8 

2.785 | 2.980 | 0.195 | 47.8 
2.785 | 2.980 | 0.195 | 45.7 
3.195 | 3.470 | 0.275 | 47.7 

3.596 | 3.920 | 0.394 | 477 

a 0.328 | 1.72 | 0.046 | 3.020 | 3.050 | 0.080] 65.0 |] 0.650 3.41 | 0.181 3.663 ) 3.775} 0.112) 02.0 
i) an 0.725 | 3.81 | 0.226 | 4.070 | 4.212 | 0.142 | 62.8 |} 0.817 | 4.30 | 0.288 | 3.642 | 3.822 | 0.180] 62.5 7 
| 8.86 | 1.220 | 2.880 | 3.690 | 0.810 | 66.3 || | 4.32 | 0.201 | 3.674 | 3.855 | 0.181 | 
a 7 1.720 | 9.05 | 1.270 | 2.910 | 3.740 | 0.830 | 65.4 |] 0.828 | 4.36 | 0.295 | 3.640 | 3.826 | 0.186] 63.0 _ 
| 6.60 | 0.675 | 3.424 | 3.864 | 0.440] 65.1 |] 0.830 | 4.37 | 0.207 | 3.661 | 3.846] 0.185] @3 
q } |_| 11000 | 5:25 | 0.427 | 3.648 | 3.922 | 0.274 | 
4 
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ae as shown in Table 3 were attributed to experimental error. In tests on draft- 


tubes having throat diameters of 3 in., Gibson and her 


‘ _ pendent of the velocity over a range of velocities between 30 and 130 ft per sec. 
‘The Pitot. tube measurements of the velocities near the entrance (Section 
10) of the lower leg of Draft-Tube No. 2, both with and without the “splitter”, 
and | facing i in the direction of are shown i in 18. ‘From these curves 


q 
q 


‘it is evident that the “splitter” had a material effect on the filamental veloci- 
J es, but did not eliminate entirely the region | of lessened velocities near 
the j inner part of the exit of the bend. From the curves it appears that the bs 
- velocities were higher n near the right side of the tube, looking down stream, 
than | on the left side. _ This was found to have been caused by the flaring vs 
tube i in Tank A (Fig. 4), being about } in. off center. When the flaring tube 
was a adjusted to the center of Tank A, its two sides showed approximately 
oi Fig. 19 shows velocity contours at a section (Section 20) near - the exit 


Ls the bend of Draft-Tube No. 4, facing in the direction of flow. It is \ evi- _ 


iZ dent that there was considerable dead water near the inside of the bend, a 


ndition that: t did not exist in Tube No. 2. The: reason for the occurrence 
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of the ead water was attributed to too great a distance between the top and Ene 


bottom walls of the exit of the bend, a measurement hereafter designated ag 
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In LOWER Les | or Mops. Drarr-Tuse No. 

th Draft-Tube No. 4 the “splitter” was designed to extend only past way 
7 around the bend. _ An extension was made so that it would extend com- 
~» 4 - pletely around the bend, but this made no difference i in the efficiency of the 
tube. ‘Thus, the was drawn that the ‘ ‘splitter” need not extend 
ial around the bend to yield good efficiency. Be would be better with — 


__ whirling flow if the “splitter” w were limited to a position. about as shown i in 


eae With whirling flow there was considerable turbulence “throughout the 
a length of all the draft-tubes. ‘This w was at its worst with those tubes having a 

ca the “splitter”, such as Tube No. 2, if the “splitter” extended completely 

¥ . around the bend. An attempt was made to correct ‘the turbulence in Tube 

No. 2 by placing a “twisted fin’ > on the upper | end of the “splitter.” ” The 
results of this experiment are shown in Table 4. anvitthaos 
The loss of head in flow through the tube was somewhat reduced by the “fin”, 
but the difference was not great. It is known that the whirl component of 
_ the ar velocities in draft-tubes may be clockwise at one time and 4 


-clockwise at _ another, depending upon the changes in head and gate :? 
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FLOW "CHARACTERISTICS ‘IN ELBOW -DRAFT-" TUBES» ; 


“draft. tube’ and counter-clockwise near the center of the ‘tube. ‘It is = 
“therefore, that the use of any such deflector as a herein for correction 


whirl in a tube is is not practicable, 


No. 2, aNd Spectsn Fr ror Correctina Wai, 


are 


Fix Piace (Rare oF Fiow. 0.961 Cusie IN PLACE (Rate or Fiow, 
.Foor Ssconp, Mean VEeELocITY~ AT _Gustc Foor MEAN VELOCITY aT 
ENTRANCE OF Toss, Feer PER SEconp) Enrrance or 5. 13 rast PER all 


\ -Water-Surface Elevations Water-Surface Blevations 


TankA | TankB | Tank 


a> 


4.328 


5 2085. 2300. 2-012 
2.044 4 400.2025 


nerve 


leg as as the suction head the construction costs wilt 
ie long vertical leg seems to be justified by. the fact that the bent part of — 
an elbow draft-tube induces spiral flow and, consequently, friction and eddy = 
losses which vary approximately as the square of the velocity of the flowing 


‘If there. is a leg ina tube, the indueed spiral. velocities 


dbow draft- ‘tebe. which no vertical lee. s ott 
" a As indicated i in ‘Fig. 1, there i is @ greater conversion of kinetic energy to 


in a curved pipe. Friction: on pipe walls cannot be eliminated, and centrifugal 
force i is inherent to change in the direction of flow. These two in combination 
induce spiral flow as shown in Fig. 5(a). The induced spirals cause Aydrantie 
losses that would not occur in a straight pipe. art) 
“There is a ‘possibility, ‘that the induced spirals due to the bend 
+: draft- ‘tube may approximately offset the undesirable whirl components 
of flow. from. a a turbine runner. It is very doubtful, however,” whether a 
designer, either by chance or by careful planning, could discover the combina- 


of conditions needed for this ‘delicate balance. Further research along 
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way 
potential energy per foot of dratt-tube where the mean velocity 18 high than 
a | where itislow. This is due to the fact that the velocity head varies as the square ha — ea 
ness | ot the velocity. In the case of Model Draft-Tube No. 4, it would be theoret- (i 
ith ically possible, under ideal conditions, to obtain an efficiency of more than 
Ma 0% with the tube cut off at Section 10. Of course, it would be impossible “i . a 
| to obtain ideal conditions where there would be no friction and eddy losses, — 
the 
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ELBOW DRAFT- -TUBES 


ELBOW 


tational and xp 
na 


port of their conclusions that the form of draft- tube affects the we 


al The trumpet shape of the vertical leg, such as that suggested by Prasil () Ne 
seems to be — to the straight circular cone. _ The experiments of 


‘The caeeuheail tube has a further disadvantage that at the ennieaien to the 
tube the deceleration is comparatively high and is changing ‘rapidly, — This 
occurs in a region 1 where cavitation troubles may arise. _ Research at the 
Massachusetts Institute of Technology (35) shows that cavitation is a mechan — 
ical phenomenon in which a there is is a ‘rapid formation and collapse of small 
 eavities in the flowing wi water. It appears that the rapidly changing decelerat- ; 
ing force at the entrance of a conical tube would make a turbine» —- 
“more susceptible to cavitation “the lesser decelerating forces in 
trumpet- -shaped draft-tubes. It seems, therefore, that the vertical leg of 
draft-tu -tube should be trumpet shaped. 
; ia The Bend. —In the test of the experimental pipe bends it was sho n thi a 
_ Bend No. 4, which was widened in the direction normal to the , plane of au 
the bend, , offered the least resistance to flow. This was a fortunate finding, be 


‘because of the ease with which this type of bend 7” be adapted to an elbo 


Pi In the "report of the Bureau of Standards (16) on the inven 
literature on draft- tubes, ‘the following statement was made: hot. Soh well 


some conditions| for improving the efficiency of. elbow type draft 
tubes will be stated, which probably are correct, since apparently they are <a 
met with in practically all the elbow tubes of the better design. First, = 
- curvature of the inside wall should be sharp, reducing the length of the curve. 
Secondly, the depth of the tube at the section where the water is deviated 

should be small. Third, where the inside wall has considerable curvature, 


from point 1 to point sh should be nearly constant.” 


ieee interesting to note that Dead No. 4 4 essentially fulfills all these 
- conditions, since the radius o of ¢ curvature of the. inside wall is smaller than 

that of the outside wall, all the cross- -sectional areas moe alike, and the pipe — 

is flattened i in the plane of the bend. quits “hy 


ee, This flattening, arranged so that the depth of the draft-tube at the exit ae 


¢ et the bend is small, seems to be of considerable importance. — Draft-Tube 


No. 2 (Fig. 12) has less depth at the exit of the bend than Draft- Tube No. 4 


é (Fig. 16). _ Otherwise, the shapes are quite similar Draft- Tube No. 2 had had 
no dead- water space in the lower leg (Fig. 18), whereas Tube No. 4 had con- 


_ siderable dead-water (Fig. 19), with a resultant lowered efficiency. + sad he 
4 er: Luksch (6) has shown that with direct flow in a 


4 the maximum efficiency occurred when the impact Bang was as placed 80 that 
= 0.27, in which A= the distance between the impact plate and the 
bottom of the draft- tube; @ wa De = = the throat diameter 
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; week _ this line may be expected in the futur ntal evi- 
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Flow IN DRAFT- 


“i 
great 


the inner face of the tube and ‘permit ‘the formation ¢ of a . dead- water 
gone. This same phenomenon probably occurs in elbow -draft- tube, 

ae the bottom part itegt the bend acts in ‘a manner similar to an 

impact plate. Hine wht Bed area sodh aida 

Tt was s stated that the radius of curvature of the inside wall of the a 

should be smaller than that of the outside wall. Just what relation these — A 

Fs rad dii should have to the throat diameter of the tube is not known, but some = 


notion may be had from the experiments of Hofmann (8) who showed that if . 


an impact plate is used below a conical draft-tube with rounded bottom edges, a 


‘the 1 most favorable ratio f for rounding is, — = 0.85, in which ch Do = the throat 


diameter of the tube; and r = the radius of the bottom of the 
“draft. tube. He showed, furthermore, that - may vary between 0.67 and 1.00 

- without much change in efficiency of the tube. This indicates that the elbow 
draft-tube may have a wide range of values of the radius of curvature 

the inner walls o of the bend without losing materially in efficiency. 

The shape which should be given the curve shown as the plan view, in 

‘Big. 16, seems to be of no great importance, except that preferably, it should 

be asmooth curve. In all the model draft-tubes tested by the writer the water 7 


“had comparatively high 1 velocities of flow along the the tubes, as 
The cross-section at the entrance of the bend should be circular, and, — ad 
at the exit, it could well approach that of a rectangle. The interssediate sec- 
ta should be flatter on the inside of the bend than on the outside. — wollen 

“splitter” should be used in ‘the bend of an elbow. draft-tube 
it tendency to assist in getting the water around the bend in an orderly | 
— Tests on Draft-Tube No. 2 gave about 2% higher efficiency with 
the “splitter” than without it. In the Lilla Edet (17) tests, where the draft- ._ 


tube had practically no vertical leg, the ‘ “splitter” increased the efficiency 
to extend the “splitter” “completely around the bend. 
Tests: with Draft- Tube No. 4 were made first with the “splitter” beginning 
8 about one-third the way ‘around the bend (Fig. 16) and then extended so 
that it began at the very entrance to the bend. No noticeable change in the 
was observed. Caflisch (36) tested a turbine of the Francis type 
for which he showed that the ‘ ‘splitter” reduced the efficiency when ‘extended 
into the vertical leg of the draft-tube. This reduction was to be expected, 
Z. the turbine caused a 1 whirl component of flow at the part gate- -opening. At 
the larger gate-openings the “splitter” seemed. to have | ‘little effect on 
eiciency. Had it been extended only part around the bend, such as at 
4 the Kembs Power Plant (37 ), on th e probably would _ been 
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ts tube in the positive sense of the rotation of the runner, this whirl 
qa 

‘allowing the runner blades to be designed for lower relative velocities; ‘andy 
consequence, for reduced. possibility of. cavitation. If this. should be the 
"practice, then: the. extension of the ‘ “splitter” into.the vertical leg i is ‘oa 
able. - ‘However, it does seem desirable to have both the “splitter”. and the: 

vertical bearing partition, commonly | built in the lower ‘leg of tube, extend 

some distance into the bend. - oft to cat? collar od 

of: an elbow. draft-tube greatly influence the design of the power liouse: Gen 
alt the width of the draft-tube controls the. spacing of the turbines, and 


Spannhake (38) has mentioned ‘the | desirability « of whirl j in the 


The Lower Leg.—The and particularly the width, of the lower’ leg: 


the type and size of the plant. determine whether or not a bearing partition 


shall be used in the lower- leg of the draft-tube as a’ means of giving sta-— 


been the subject of an investigation (39) for the Wheeler Dam, :in the, 
Tennessee Valley. - Several tubes were tested with the result that the best 
efficiency in each tube was obtained when the length of the lower leg was thé 


The ‘proportions that should be. given the ‘lower leg of ‘draft- tubes 


5 longest tested. In Plate A-6 of the report (15) of the National Electric Light 


Association on draft-tubes, are given the results of ‘tests on “changing ‘the: 
-_ length of the lower leg of an elbow draft-tube by the Newport News Ship- 


building ‘and ‘Drydock Company. Leg lengths of 2:50, 3.00, and 3.71 ‘tintes 


the throat diameter of the tube were used, and the efficiency of the tube was 
a inereased with each increase in leg length. This does not mean that the’ ‘Tength 

— could be increased indefinitely with a continued increase in efficiency. ‘Hof- 
i, mann’s tests (8) on conical tubes led him to. conclude that at first an increase 

+ of the length of a draft-tube will cause an ‘improvement. in ‘efficiency | and, 
a. finally, that the wall friction becomes too great and causes a decrease in 
3 efficiency. d ‘Further experiments are required to determine what the optimum — 
length of the lower leg of an ‘draft- tube should aii 


(1) The: lone. head due to the flow of water through a standard 6-in. 


+ 


pipe bend of 84 -in, ‘guia radius was 0.15 —. as compared to values of 0.8.» — 


foe, the other pipe ber bends ‘The specimen n that o offered. thie 
‘resistance to the flow. was y in of, the bend.; 
Its superior performance probably was due to. the aan that. fewer. induced. 


spirals occurred i in-this form than i in other bends... 


se The specimen that a widened in the, plane. of the bend had more, 
_ vibration than the other bends when tested under conditions -where the eniter*: 
water had a whirl component of velocity. 
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FLOW CHARACTERISTICS IN ELBOW DRAFT-TUBES 
 @) The efficiency of the model draft- tubes of 6-in. throat diameter as a to 

-_ for converting velocity head into pressure head varied between 47% and 
65% when the efficiency was defined as the ratio of the head actually recovered _ 

4 to the head available for recovery. There was no appreciable change in the 

ficiency of the model draft-tubes for in rate of flow. | 

When there was whirl component | of the ‘velocities of flow 


the tube in which there was a return flow of the water toward the entrance 


cos (5) The insertion of a deflector in ‘the model draft-tubes for the purpose Ps! 


the whirl of flow was found to be impracticable. 


that, ‘for a a given reduction in mean in a given 
tube, the deceleration is less in the -Tegions of higher velocity, 
0) The fol lowing suggestions are offered as a basis for designing the 
—erss- -sections of the bend of an elbow draft-tube: (a) At 0° , beginning of A 
a bend, use a a circular ¢ cross- section ; (b) at 224°, use an elliptical section, with | 
the major axis of the ellipse normal to the | » plane of the bend; (c) at 45° F use 
i an ellipse of greater eccentricity for the inside than for the outside part i 
the section ; and, (d) at t the end of the bend, use a rectangular section. i, £ 
_ The radius of curvature et the inside walle of the bend of an ee | 
— draft-tube should be smaller than the radius of curvature of the outside walls 
of the bend. 4 The. centers s of the radii of curvature of the inside and outside 
“walls of the bend should be located so that the distance between the walls fh 
"diminishes from point to point along the | axis of th the bend. 
a) A comparison of the ‘results of the tests on pipe bends and draft- tubes, — 
_ described in this paper, with the performance of the best elbow draft- bens 
tubes described in ‘current: ‘technical literature, indicates that, similar to a “A 
conical « or trumpet- -shaped draft- -tube o of given length and flare in which 
there i is an optimum ratio of the distance between a deflector plate and the 
i _ bottom edge of the tube to the throat diameter, there probably i is an optimum d 
_ tatio of the distance between the top and bottom walls of the exit of the bend © 
fe an elbow draft-tube of given length and flare to the throat diameter of 
the tu tube. . Further experimentation is needed to establish the | optimum ratio 
to be used in design. MOM bute | ty 
a (10) When a guide-vane or “gplitter” is used in the bend of an elbow 8 
i 4 e draft. tube, it should extend to about the third point of the bend. ‘The e exten- 
4 sion of a “splitter” completely around the bend effects no increase in efficiency _ 
for direct flow, and causes loss in efficiency for whirling flow. - When a bear- © 
ing partition is used in the lower leg of an elbow draft- tube, it should extend — 
about half way around the bend to help divide the flow between the two halves 


the tube when | is whirl of the velocitien. 
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is District Engineer, Ae S. Engineer Department, at Portland, Ore., and models 
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tests of the model draft-tubes were emdunel under the direction of the writer, 
and with the understanding that it the experimental data might form a a part ‘ 
of this. thesis. Grimm, M. Am. Soe. C. was Chief Civilian Engineer 


(2) “Lowell Hydraulic ” Francis, ©. a) ( 


this book Uriah A. Boyden was given credit for inventing a turbine 


which he ‘ ‘introduced several of Breat value”). 


“The ‘Control of Water.” By Philip ‘Morley ‘Parker, 1913. (On 
gilts... 870 the ‘author states that the type of turbine used by Francis 
was very special form for far larger class termed the 


Francis. Turbine, and was ‘ ‘probably invented by Boyden.”) 


» “Hydraulics and Its Application.” By A. Gibson. (Gives credit 


“to ‘Uriah A. Boyden for inventing the diffuser. bis 


@) “The American Mixed-Flow Turbine and Its ‘Setting.’ By “Arthur val 

Safford and ‘Edward . Pierce Hamilton. “Transactions, An. Soc. 
Vol. 85 (1922), pp. 1337-1356. “(The water flowed radially 
inward and gradually s 80 as velocity. ‘components 
(6) “An Experimental Study o of the Most Favorable Distance of a 
fe Turbine Draft Tube fvens the Tailrace.” By Andreas Luksch, 1935, 


‘fillment of. the requirements for the degree Doctor 
(7) “Water Power Engineering.’ By H. K. Barrows. 1927, pp. 230, 


(Shows mathematically that, as the head on a turbine increases, 
wells eh the wheel must be lowered with reference to the tail- -water lard. ) 
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(8) “Die Energieumsetzung in saugrohranfich- erweiten Duzen.” 
Conversion of Energy in Nozzles Shaped like Draft- Tubes”). By 
_ A. Hofmann. M itteilungen des Hydraulischen Institut der Tech-_ 
bool nischen Hochschule, Miinchen, Heft 4, 1931, pp. 44-69. (States 
“a dy th ‘it is permissible to > let the ai angle of flume of a draft- t-tube be 
(9) “The White Hydraucone Regainer.” By W. M. ‘White. 1921, pp. 
324. (First improvement of the draft-tube after its invention in 
A (10) J Journal, of Eng. ‘Societies, 27, 1901, pp. 
4 (Measurement o of filamental velocities ‘ins jet | of water 
“The Present ‘Trend in Turbine Development.” | By Lewis F. Moody. 7 
wy 1921, pp. 1: (1113- 1140. (First description 


Tests Experimental Draft- Tubes. By C. M. 
L A. Winter. Transactions, Am. Soc.,0. E., Vol. LXXXIII 
— (1924), pp. 893-926. (Tests conducted for the Alabama Power 
Power Company to obtain a ‘direct comparison of the e efficiencies dt 


a 


(13) “Die Entwinklung des Saugrohrkrummers.’ (“The Development 


sf of Bend Draft- Tubes”). . By Viktor Kaplan. ca ransactions, World 
Power Conference, Barcelona Sectional Meeting, 1929, Vol. 
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as) “Draft Tube Tests.” National Electric Light Association Public bs 
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report, ‘see Appendix II II of R Reference (16)). 
as): “Discussion of Draft-Tubes for Hydraulic Turbines.” 
5. 


. * S. Ball. Canadian Engineer, ‘Vol. €4, No. 23, June 6, 1933, p 
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MAV 1S ON FLOW CHARACTERISTICS ELBOW DRAFT- TUB 


— 
‘DISCUSSION: 
Mavis M. Ast. Soo. C, E. (by letter)—The author is'to be com 
~ mended for his painstaking work in constructing the model bends and in 
performing the tests which have been briefly summarized in this paper. a 
has demonstrated remarkable skill in making transparent model draft- i 9 
in shaping» and assembling the pyralin, sections to be tested. 
quarter-turn draft-tube is ‘no simple conduit. it be 
- a combination of a bend and an expanding section of pipe which changes 
a only in cross- sectional area but in shape as well. _ This combination, 
however, is not ‘one that can be investigated readily by studying the peculiar 
behavior of each part and superposing the flow conditions which would © 
obtain in each part separately. . Each of these elements (the bend and the 
expanding section) has been studied | by investigators over over a "period of more 
than 60 yr. There is still much to be learned about the behavior of water 
as it flows in a curved channel and in an expanding conduit, and the i investi- 


ss gation of flow in n draft-tubes has little more than made its “debut” i i 
Pk. The writer proposes to confine his discussion to certain phases of the 
- flow of water in curved pipes which have ave substantially the same cross-sectional 
area at the inlet and at the outlet. He will not attempt to discuss the 
-hydraulies: of sections nor ‘to dwell “upon 


water in which were by Messrs. Yarnell and Nagler (22)3 
With: reference to investigations of head loss in bends, mention should be q 
of the pioneer work of Weisbach* Germany, about the middle of 


the Nineteenth Century; and of the work of _Alexander® and Brightmore’ 4 


in England; and Williams, Hubbell, and Fenkell,? and Schoder’ in the 
United States owonty- -five to thirty years ago. More recently, “investigations 


on the flow of water in curved pipes and miter bends have been carried on a 


in Germany by Hofmann,” Schubart,” and others,” * working i in the Hydraulic 
Prof. and Head, Mechanics ‘Dept., and Consultant, Iowa Inst. of 
Hydr. Research, Univ. of Iowa, Iowa City, Iowa. 
vehrbuch der Ingenieur und Mechanik”, von 
‘The Resistance Offered to the Flow of Water in Pipes Bends and 
ue. w. L. Alexander, Minutes of Proceedings, Inst. C. E., Vol. 1 59, pp. 341-364, 1904-05, 
“2 “Loss of Pressure in Water Flowing Through Straight and Curved Pipes” , by A. alll 
Brightmore, Minutes of Proceedings, Inst. C. E., Vol. 169, p. 315, 1907. mer 
= “Experiments at Detroit, Mich., on the Effect of Curvature on the Flow of Water cin 
_ Pipes’, by Gardner S. Williams, — W. Hubbell, and G. H. Fenkell, Members, Am. Soc. 


‘Transactions, Am. Soc. C.'B.. Vol. XLVII (1902). pp. 1-369. 


*“Curve Resistance in Water Pipes”, by BE. W. Schoder, Transactions, Am. Soe, C. E. 
«Nene Untersuchungen tiber den Druckverlust in Rohrkriimmern”, von A. Hofmann, — 

- Mitteilungen des Hydraulischen Instituts der Technische Hochschule, Munchen, Germany, 
Heft 2, pp. 70-71, 1928; also, Heft 3, p. 45 et seq., 1929. ee 


11“Energy Loss in Smooth- and Rough-Surfaced Bends and Curves in Pipe Lines”, by i 


. Schubart. (tr. by F. T. Mavis). Transactions, Hydr. Inst. of the ‘Munich Toe 


‘Univ. Bulletin $. pp. 81-99 (A. 8. M. 1985). 


%22“Verluste in glatten Rohrkriimmern mit kreferundem -Querschnitt bei 


90° Ablenkung”, von R. Wasielewski, Mitteilungen des Hydr. Inst. der Techn. ae aot 


Miinchen, Heft 5, pp. 53-67, 1932, 
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MAVIS ON FLOW ELBOW pRarr- TUBES 


Institute, at Munich; in Danzig, by Wippert.” anid: in the ‘United States, 


by Giesecke,* by the staff of the National Hydraulic Laboratory, under 

the direction of Mr. H. N. Eaton, and by Wallace M. Lansford, Assoc. M. i 
Am. Soe. C. E., * at the University of Illinois. Most of these experiments = 

were ‘conducted on pipes of ‘circular cross-section, although some were m made 

4 on pipes of square or rectangular section. | There is a mass of experimental _ x 
~ data which could be collected from many published and unpublished investi- _ 
gations. It would be worth considerable to have these data brought together — 

in a single report, and to have them re-appraised and correlated on the basis 

* _ of present knowledge of the behavior of water as it flows around a bend. __ 

a ‘The problem of the hydraulics of bends has’ also been investigated in some 

detail from an analytical, mathematical, basis. Zur Nedden®™ in 

Be paper on induced currents in fluids published i in 1916, ‘Presented certain 

é aspects of the problems which merit the mention of his paper in n particular. — 
— calls attention to the fact that a bend may perform quite diferently 
Dottie on whether the flow of the fluid through it is laminar or turbu- 

lent. He cites specifically the case of a bend of rectangular cross- -section, 

= the inner and outer curves of which were hyperbolic, as causing a lower 
/ loss t than a circular bend as long as the flow remained laminar; and 


- that 8 soon as the flow became turbulent, _the hyperbolic bend caused a 


| inet if the coefficients ¢ of f velocity | head, representing the excess head = 
in the bend, were plotted as a function of Reynolds’ number. The particular be 


to which Zur Nedden refers was one tested by Grether™ which 
plan was similar to the bend which Professor Mockmore calls Bend No. fico 
To-day, it is generally recognized that a liquid, in flowing ' around a 
under tur turbulent flow conditions, moves in a so-called “spiral” or “yelical” 

path, and that: the induced currents attendant impact are “largely 

_ Responsible for excess losses of head in bends. In 1902, the late H. Ww 
_ Brinckerhoff, M. Am. Soe. C. E., discussing” a paper by Clarence W. Hubbell 
"George H. Fenkell, and» the late Gardner S. Williams, Members, Am. Soc. 
@ E., explained the fact that a bend offers greater resistance than an equal 
length of straight pipe on a hypothesis of spiral flow which he described in 
_ its essentials precisely as Professor Mockmore and other observers have done. 
In their closing discussion, the authors of this paper replied to Mr. Brincker- _ 


at one time, | one of them authors] was dispose d to explain 
— phenomena on the theory of a spiral motion, but in spite of ee : 


to locate such motion, no direct experimental evidence of its existence has yet 


den Strémungsverlust in gerkriimmten Kanilen,”, von H. Nippert, Forechungs- 
4 ._ ™“Friction of Water in Elbows”, by F. E. Giesecke, M. Am. Soc. E., Transactions, 
Soc. for Heating and Ventilating Engrs., Vol. 32, pp. 303-314, 1936 
ge ® “The Use of an Elbow in a Pipe for Determining the Rate of Flow in the Pipe”, by 
allace M. Lansford, Bulletin No. 289, Eng. Experiment Station, Univ. of Illinois, 938. > 
Currents in Fluids’, by F. Zur Nedden, Transactions, Am. Soc. Cc. E. 
#“Kriimmer die ulassen”, von H. Grether, Verhandlung a. Ver! 
“Transactions, Am. c. Vol. XLVII (1902), 
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{AVIS oN FLOW (CHARACTERISTICS IN ELBOW TUBES 


, though the writers consider that Mr. Brinckerhoff 


permit the observer see this spiral or helical flow. These transparent 

odels have done much to ‘promote better “understanding and a mor 
4 intimate knowledge of the phenomena of hydraulics. - To-day, this spiral 
flow in bends: can be observed ; three decades ago, it was an hypothesis which 

eminent hydraulic e engineers were then sie * * not prepared to endorse ble, 4 


induced currents depends chiefly upon the pressure 4 


gradient along a ‘section which is normal be o the | direction n of motion of 


particles of water in the bends. With slight modification, ‘Equation can 


in which D2 — p= the difference in pressure at ‘Points (2) and (1) on a 


section normal to the flow of water particles; r, and r, = — 4 = the radii of curvature 
of stream filaments at Points (2) and (1), respectively; V = the velocity of 
along any filament the radius of curvature of which is r (and Vi is, 
therefore, a of r); and, 26 the specific mass of water, 


the: w vidth of bend (r, biog is small in proportion to the radius ob car 
ature, 0. 5 (r, 4 -r,), and if the depth of the channel is large in a direction 


normal to the plane of curvature; that is, several times ig the velocity. 
ve : will probably be nearly constant and it may be replaced by the average 


: approximation that the difference in pressure on the rigid side-walls which 

are a distance (nm 2— apart will be, as given by Equation (4), 

= 


,— 


ga Co- axial guide- vanes, in general similar to the horizontal partition in 


9 “* velocity, Vav. Under these conditions it may | be justifiable to state as a fie 


. 


-Draft- -Tube No. 3, “may be. expected to ‘reduce the head loss in bends for 


Riau reasons: (1) The vanes tend to act as baffles and equalize the velocity 


“distribution; (2) by 1 reducing» the ratio, , for the individual channels 


and making it nearer unity + than the corresponding ratio for the bend asa 
Pp 


whole, the pressure difference, — Py is reduced between any two given 
vanes; and (3), the unbalanced force exerted | ona given -guide-vane is dis 


tributed over a curved plate supported on the side walls of the 


‘The efficacy of guide- -vanes in reducing losses due to the flow of ‘air io 


bends has been demonstrated, and bends fitted with co- o-axial guides have been 
used in wind tunnels of the return-flow type. In principle, they should 


also be effective in water conduits there are certain apparent 
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tales in the way way of ‘ebtaining structural strength at costs low 
to justify the construction of guide-vanes, = 
The phenomena of flow of water through bends, expanding « conduits, 
and draft-tubes, deserve intensive study in model and prototype. Professor 
approach through a the 1 medium of transparent models leads 
hydraulic enginecr long way toward a better understanding of those 
Jerome Assoc. M. Am. Soo. C. E. (by letter) —This important 
paper is distinguished be the experimental technique displayed cod the 
form in which the results are presented. Apart from the special 
field of draft-tube design, the study is. of great interest in connection 
The author refers to. spiral flow as an Because o 


its significance in these experiments and its bearing on diverse subjects, 7 

the writer is prompted to discuss at some length the author’s “Theory | 
of Induced Spirals in Pipe Be nds.” Despite the fact that many attempts 

have been made to explain the phenomens of spiral flow, the writer feels 
that, even now, complete and “satisfactory analysis is lacking. The 

_ Purpose se of this discussion is not to’ ‘propose a new explanation, but to m4 
to imperfections in the theories which have been advanced 
the time of James" Thomson in 1876, to ‘Albert Einstein,” 
1983, or L. Prandtl; in 1935. It is astonishing how frequently this sub- 
_‘ject has been olen to in scientific literature and how many outstanding 

‘men of science have given it their attention. 3 
There is close similarity between ‘Thomson’ s solution ‘and thet of 


The author’s theory seems to be based on the same general 


“But the layer of water along the being by 

_ retarded, has much less centrifugal force in any bar of its particles extend- 

ing across the river; and consequently it will flow sidewise — along the 

ti: | towards the inner bank, and will, part of it at least, rise up * * *.” 

ys Einstein describes the circulating motion of water stirred in a cup, 


likewise finds” that the fpr near the bottom and, 


on Referring to flow in river channels, Thomson writes (21): h gsom, 


the 


nnels 
‘| ing of the water. writer “wishes no undue liberties and would 


prefer to give | Professor Einstein’ s exact words, but is restrained by the a 
formidable phrasing of the copyright clause. ~ should be mentioned that 
Binetein was writing for non-technical readers. Rr oF: 
can scarcely be conceived that a reduction in centrifugal by 
will cause a particle to move | 


Asst. Engr., San Francisco Water Dept., San Francisco, Calif. 
“Aerodynamic Theory”, Vo 1. III, P. Fund Series, W. F. 
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would be equivalent to saying, ‘because of a 
tion in the force of gravity the particle started to = Nevertheless, 4 i 
this method of explaining spiral flow is quite common. To cite one addi- 
- layers of water the upper and lower sides [actually flui 
the top cover and bottom of a closed vortex chamber] experience a break- “real 
= ing effect due to the skin friction, and the resulting reduction in centrifugal be 


” of ona 
force causes towards the center of the vortex.” 


Directing | attention next. to the explanation given by author i in the 

paragraphs following Equation where he “states: that “the pressure 
at Point d will be less than a at Point 6” this opinion “appears to be 
based on inference that, because of the proximity of the channel 
walls, the velocity is reduced; consequently, the centrifugal force a nd, 


‘te 


therefore, the pressure are reduced. The “writer would expect a “high, not 
a + a low, pressure at Point d in conformity with the usual rule that oe 
pressures go with low velocities. The validity, of this ‘Tule is 

<a an manner by comparing Figs. 6 and 7. 


solution. The writer regrets that certain of Prandtl’s references are not 


available, particularly those of which he writes: “The results of experi cin 
men ts recently performed, or ‘be performed, should, after some flor 


* time, permit the definite quantitative determination - of the magnitudes 
involved in the phenomena just described. “heros at 
Prandtl finds that two distinct cases are involved. the writer 
; a understands it, may be illustrated | by considering the flow in a curved 
open: channel with | frictionless sides, but a rough bottom. I th this case, 
4 the pressure gradient at the bottom is determined by ‘the pressure gradien 
of the more freely flowing filaments immediately above. The differential — 


pressure on a bottom ‘particle, not being opposed by as high a centrifugal 
force as for those above, causes the particle to move radially inward. | ol 


ue In the other ease, the curved open channel should be thought of as 


having frictionless bottom, but rou gh curved sides. 


a particles close to convex wall, by having: their velocity 


> 


reduced, subject to lower centrifugal forces than adjacent fila- cel 
Bay ments and tend to remain close to the wall. On the other hand, particles Rf the 


at the concave wall, likewise subject to smaller centrifugal forces than 
adjacent: particles, will ‘Pressed away fr from wall by such faster 


i 


8 


Prandtl expresses these ideas with brevity that the writer feels 
justified in giving his interpretation, which he alone is 

‘The writer may have x ‘misconstrued or misunderstood the matter, but b he 

is unable to see how ‘spiral flow follows as a result, although the argu- i: 

ment for the first case seems the more convincing of the two. a £ 
2 “Investigation of the Thoma Counter Flow Brake”, by Richard Hein, Transactions, 
unich Technical Univ., Bulletin $, pub. in 1935 by Am. "Soe. ot 
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& situation it in flow seems. to parallel 
in aerodynamics where it is necessary in order” to explain “lift” 
M to refer to a “ “circulation” of air about an airplane. To account theoreti- 
 eally for this circulation has been a matter of great difficulty. In a perfect — 
‘fluid, circulation about an airplane wing would» be impossible. Ih 
A real, viscous fluid, to account for circulation by the simple statement that — 
the velocity is reduced in the boundary region is quite inadequate. sale 
‘The writer is of the opinion that all attempts | to explain. the circulation _ 
oof water flowing in bent pipes (which circulation, of course, is — 
distinguishing component of spiral flow), without reference vorter 
filaments and surfaces of discontinuity of flow, will “ultimately be "rejected. 
7 use here of the word, “vortex,” has reference not to the entire 
"phenomena of circulation, but ut to the localized vortices which sometimes 
determine the nature ure of the entire flow. 


os One very interesting feature of the author’s study appears to have been 
the formation of two distinct types of spiral fic flow. a In one type. the n motion 


| in circular paths with t the fastest moving particles, ‘neglecting longi-— 
tudinal flow, farthest center, or approximately £0. is the 


type: of circulation, and 
Thomson describe, “may “exist as one 1e single ‘circulation or 
circulations combined, as shown in Fig. 1. On the other hand, such spiral 
BS. flow as that illustrated in Bend No. 5, Fig. 9(b), of sufficient intensity to 


be 


cause vibration, must the better known “free vortex” flow “in which 


th the velocities increase, approaching the center. 


a revert to the first- -mentioned_ type, the writer has before him the 


typewritten notes recently used in a college class in hydrodynamics. A 


description of the flow in pipe bends states that “the circulation corre- 
sponds closely to that of the Rankine combined vortex, the tangential _ 
| lity component being greatest at a point between the center line and 
the pipe wall, and decreasing toward rd the center and wall.” This is the 
only specific reference the writer has seen to the distribution of velocities of — 
Gireulation in pipe bends. It is clear that the distribution differs from 
‘These lecture notes ‘explain the circulation by stating that “since these 
2 centrifugal forces diminish as the velocity approaches zero, the presstire in ¢ 
* the boundary region at the outside of the bend is less than that just within 
this” boundary layer.” The writer believes that this is incorrect, as it 
implies that pressure may manifest itself only as a consequence of 


"remarkable value, from both ‘the theoretical and standpoint, 
Professor Mockmore’s study. piri: at od. 
RE. B. Suarp,2* Esq. “(by letter).—It is noted that the losses for 

Bend No. 5 were not included in the tabulation following Equation (22). _ ms 
_ It would be of interest to have this information. A comparison of = 


‘Engr., Morris Div., Baldwin- ‘Southwark | , Philadelphia P 


Philadelphia, Ps 
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J No. 1 and No. 4 as made and ve by the author | does not aie the true 
relation. The latter shows the smaller loss, but to give a true Picture of 
relative advantage of adopting the shape of Bend No. 4 as compared 

to the circular shape, the same radius of curvature of axis should have 
- aM sane used for both bends. For Bend No. 4, — = — = 2.5, whereas this 

ne for Bend No. 1.333. If the loss with ‘Bend No. 1 is cor-- 

, in accordance | with tests reported by 

as the approximate values ar are | derived: 


(Mockmore) x Cofmann tests with 


(b) Loss = | 0.15 V" (Mockmore) x 0:14 14 (Weisba 


c) Loss = 15 (Mfockmore)_ x (Alexander) 


the dow at the: entrance to model is noted that although Model 
_ Draft- Tube No. a gave the most favorable results, the author did not 


include data as to its dimensions or the area of its various sections. The 


for the designs of elbow draft-tubes on the basi 


of the tests submitted in his paper. His recommendation that the vertical 
leg trumpet- shaped is not by his comparative tests (Bend No. 
2 as compared to Bend No. 4) . Not oly i is the efficiency of Bend No. 2, 
with the conical vertical leg, higher than Bend No. 4, with the trumpet- | 
shaped vertical leg, but, in addition, the outflow loss from Bend No. 2 is” 
decidedly greater than that from Bend No. 4, so that if correction for 
his fact were made, the efficiency of Bend No. 2 would be relatively in- 


eased to a a value still greater than Bend No. 4 


in 90° Pipe Bends of Constant Circular Section,” “Albert ‘Hofmann, 
Transactions, Munich Hydr. Inst., Bulletin by A. $.M.E ), Pig. 
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-HARZA ON FLOW CH CHARACTERISTICS IN ELBOW V DRAFT- TUBES 445 
4 ‘The Company with which the writer is connected abandoned long ago » 
the Prasil principle of uniform deceleration, as it was demonstrated 
practice that where the diverging angle of the tube to meet this require- aa 
ment exceeded allowable values (7° to 8°) the water did not follow a 
tube: walls, and harmful eddies were formed. Any” impact plate: at the « 
of the tube alters the conditions, resulting in flow in a radial pet eee 
_ However, this condition does not apply to the vertical leg. of a draft- -tube. 7 
3 rthermore, the writer: ‘eannot agree ‘that the trump et- sha} 
cannot ag the trumpet-shape 

reduce the cavitation ‘tendency of the runner. is true that the throat 

rings of some turbines of the Kaplan type tend to corrode. . This, how- 
| ever, does not extend down into the tube, ‘even with ea to 8° ‘flare, but 
pea to be a function of the movable guide- -vanes above, as the corrosion — 
limited to to parts in the li line of flow from the guide- -vanes, 
Although a splitter is often beneficial, the author should draw no con-— 
-dusions on that basis because Draft-1 Tube ‘No. 2 showed better results with a: 
‘without, a splitter. tube was apparently designed for a splitter, 
and the areas proportioned accordingly. kin Removing the splitter ie 
- increases the areas around the bend of the tube — at the very region where — 


the rate of should be a minimum. 
F. Harza,* M. AM. © E. (by letter).—It seems to be a general 
principle that water will flow with the least loss of energy if permitted 
to conform as nearly as possible with its natural tendencies. 
The logic. of wide, shallow “design, such as Bend No. 4 (see Fig. 3) 
be easily demonstrated by projecting a free stream of water tan- 
- gentially against a a curved sheet of metal. - ‘The stream will spread out into 
a thin sheet as deflected curve. The writer is — how- 


considerably more improvement would result from a still shallower and 
wider section at the bend if not, indeed, a section that is actually flat on om 
- top and bottom. The flattening of Bend No. 4 would not seem to be™ 


enough to prevent the formation of the double spiral which could hardly 


_ The saving of head in Bend No. 4 as compared with Bend No. 1 i ee 
only the equivalent of the Joss occurring in about 8 in. of f straight pipe, 
which would scarcely seem to justify the more expensive construction of 

the flattened bend in practical pipe manufacture. 
general, the writer is in agreement with the stated draft-tube prin- 


in a thin wide section. - bred 


ciples, except perhaps that the vertical cone should be as long as possible, 
with short-radius elbow and, consequently, a sharp inside curvature. | The 

| writer would indeed agree also w with this principle were it not for the better 

cooly apparently shown by later tests with the long-radius, sweep- 

| & elbow which was finally adopted for Bonneville Dam. lt is to be 


Tegretted that a parallel test. of this: design, in a 6- in. inlet size, was” not 


Engr. and Pres., Harza Eng. Co., Chicago, Il. 
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IN ELBOW D “DRAFT- 


because of the developmen of this design we ‘the “completion 


a 


n here- 
tofore have ‘made & “science of hy draulics as related to power 


production, have been almost entirely in the field of dynamics and have 
usually been confined to such equipment turbines, needle-valves, the 


velocity-r -recovering ability of draft-tubes, and intakes to flow lines. Prac 


no attempts have seemingly | been made to the desig 
and 


wye ‘branches, The excellent work presented in this paper by Prelit 


‘Mockmore, therefore, is a valuable addition to the information that is 
available on the subject of losses ‘fa 
_ The losses that result from bends and wye branches in conduits “are aa 
frequently quite large and seem to justify more consideration ‘than is usu- a 
ally given them. ‘They are. of sufficient magnitude in some installations 
‘warrant the expenditure of additional capital for their reduction. Se 
tubes are normally subjected very low heads” or to a ‘partial 
“vacuum whereas conduit bends and wye branches" operate under higher 
heads. It follows, therefore, that the type of design which is most suitable 
for a draft-tube may not be ‘practicable: for use in conduit bends and wye wye a 
‘branches since for this type of structure it must possess mechanical ‘sta : 
_ bility under high nord and, at the same time, be justifiable economically. 
The improvements that have been made to hydraulic structures, other 
_ than bends and wye branches, have reduced the losses occurring in them 4 
to such a low point that no material improvements can be expected in the 
future and, therefore, the only changes 1 which it is) likely will be made are 
- refinements that may result in very minor increases in efficiency. On the 


other hand, the of bends | and d branches have ‘not been changed, 


7) 


o 


ao 


= to justify the of additional sums of money, in 4 


- to improve the designs toward the end of increasing their efficiency = 
improving their operating characteristics. dom heel 
ay A General.—In view of the foregoing facts, the writer has conducted an 

4 investigation during ‘the past few years similar to that made by Professor 

4 to determine the character of ‘that occur in bends ; 


spiral eddy in which the diversion loss This eddy is asa 
‘result of the distortion to 0 the ‘normal distribution of velocity and an ab- 


Bngr., Spokane, Wash, 
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Professor Mockmore were principally suited for use under low heads 
ia 4 ae contrasted with the types of structure that were studied by the writer for | 
-@ 
— 
— 


— 


Fe normal ‘pressure cr created by the ‘centrifugal thrust ie fluid. These 
phenomena have been studied by several investigators,?* and the results of 
their work have been previously made available to the Engineering Pro-— 
fession through the medium of various technical publications. Conse- 
quently, no further discussion of the subject will be given herein; 
er has been known to hydraulic engineers for some time that the losses. 
G resulting from | a a bend may be | decreased materially through the u use e of a 
_. conduit flattened i in a plane at right angles to the plane or the bend. “Buch 
a structure, , however, is suitable only for very low w heads anc and be 
made physically stable for high heads without excessive cost. aoe oe 
In view of these facts, the selection of a design for reducing the los a 


in conduit bends would be “more or less limited toa cross- “sectional shape 


— 


tain its normal contour under high ‘pressures. After much investigation 
of this problem before the beginning « of these tests, it was finally decided a oy 


‘2 te to study a bend with a semi-circular cross-section with the shortened diam- be 7 
- by eter lying in the plane of the bend. ~ Such a conduit might be easily con- 

<4 4 a structed for use under high pressures from a circular pipe by merely 

installing a diametrical partition wall with relatively small vent holes in 

> | a it, which would transmit the fluid pressure to the side of the — 
38 wall a away from the moving column of water. | In this manner the hydro- 


static pressure of the fluid would be exerted upon a physically > 
structure with a cross- section, while the dynamic flow would take 

place through a conduit having a -semi- -circular cross-section and the par- 
of the fluid passing around t the bend. 

fats Laboratory at Wasltington State College, Pullman, Wash., using — 

standard 6-i -in. pipe for the supply and discharge lines" from a a 90° test 7 


bend. A schematic arrangement of the flow line “which was used for these — 
tests is shown i in Fig. 2 It will be observed that the > supply line was a 
section of 6-in. 1. pipe practically ft long, whereas the discharge 
pipe was a straight section of 6-in. pipe approximately 16 ft ne The ar 
test bends were inserted between these two sections of pipe. The water, 


was obtained from centrifugal ‘pump, and the flow was “measured 
over a triangular weir shown in Fig. 21, which had previously been cali- a 


‘ brated within very close limits. The flow was regulated | by means of a a 
Aa 


valve | on the discharge side of the pump and the pressure on the flow line 


and test bend was regulated by means of a valve in the discharge =) 
ar measuring sections were laid | out along the 6- -in. ‘pipe, as shown in 
20. -piezometers were placed at each of these sections, spaced 
90° apart, with tw two of them lying in the plane of the bend and two in the © 
= at right angles to the plane of the bend. Each of these piezometers _ 
_ **“ Flow of Water Around Bends in Pipe”, by the late David L. Yarnell and Floyd A. 
Nagler, Members, Am. Soc. C. E., Transactions, Am. Soc. C. B., Vol. 100 (1935) p. my my 
“ odern Conceptions of the Mechanics of i> Turbulence ” by Hunter Rouse, Assoc. ; i 


Am. Soc. C. E., Transactions, Am. Soc. C. E., Vol. 102 (1937), p. 463: “ Loss in 90- es r. 
Ble Bends of Constant Circular Cross-Sect tio on” , by Albert Hofmann, Transactions, Munich 4 


-Hydr. Inst., Bulletin 8. = 
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448 ON FLOW | CHARACTERISTICS 
consisted of a Te-in. hole which had drilled radially i 


"removed 1 from th the inside of the pipe at the edge einai hole and also ‘80 that 


— 

1 


Top H 


whan 


ye 


a 20.—DIVERSION — IN PIPE BENDS; oF FLow LINE 


4 line and a test in place i in the flow line the ‘discharge: 


4 


21.—CONCRETE FLUME AND TRIANGULAR MEASURING WEIR. to 
E ach of was toa vertical, glass” = 


a 


TUBES 
ito the pipe and 
— 
> bet 
the 

“a 

— 

— | > | 
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ig 
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in the manometers were dampe y pinching the rubber 


FOSDICK ON FLOW CHARACTERISTICS IN ELBOW DRAFT-TUBES 

that connected the to the piezometers. During 
i on the third bend a 6-in. length: of capillary tube was placed in series 


each manometer and the piezometer for the purpose of damping» 


1 


: these oscillations. This latter arrangement was found to be somewhat more j i 


satisfactory than the one | fared 


Conmmon 


‘Three types of 90° bends were tested ; the first had a semi- circular — 


f the semi-circular cross-section at right angles to the plane of the bend 


Fr 16, 24.—FRont or 


“ross section with the same area as a standard 6-in. n. pipe with the flat side — 


. 
re 
at — 
— 
—_ 
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ON .FLOW CHARACTERISTICS IN ELBOW DRAFT- 
onthe side of the pipe away from the center of This bend 
was connected to the having a circular cross- section by means of 
~ transition’ ‘sections. After some preliminary tests had been run on this 
particular bend another one was constructed, in which the transition and 
the bend were cast integral in one Piece. _ This bend is shown in Fig. 1. 
next set of tests was run on a standard flanged, -short- radius 
elbow. The third set of tests was run when using a semi-circular bend a 
a with a cross-sectional shape similar to = in the first set, except that the 
=3 ‘flattened surface was located on the side of cho end nearest the ‘center of 
e 


4 


Curvature, as shown in Fi igs. 25 and =< all the special bends that were 
- ‘tested had the same radius of curvature on the face of the pipe farthest 


from the e center « of ‘curvature as the standard bend. A total of 10564 ob 


servations was of the losses corresponding flows for : 


of these and 4.496 observations were made of the third one, 


“results of these observations have been ‘computed ‘and. analyzed 
¢é summary of the information which has been obtained follows. — a 
Me Method of ‘Testing. —Observations of pressure heads w were made e in the 
-manometers connected only to the right- -hand piezometers at various 
stations along: the flow line, and the equation between the water level in 
right-i -hand and left- hand piezometer at each station was “carefully ob- 
served throughout the test ‘runs, and recorded at the end of each g¢ group p of 
readings. It was found that the equation between — the right-hand and 


left-hand piezometers at any one station remained substantially t the he same — 


n condition of flow, and for this reason it was 
to take ‘readings a 
i group of twenty-five simultaneous readings of the pressure head 


‘the flow line was made for each condition of flow at each station | 


=. 


- testing the standard bend and Special Bend No. 1. These readings were 


made at 10- sec intervals and were found to cover at least one > complete 


cycle of the variations in pressure that were found to be present in the 


flow line under stable conditions of flow. Consequently, the average of 
these twenty- five readings: for any one f flow completed a’ fairly “accurate 


measure of the normal ayerage “head that during the 


particular run. 
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In making ‘the observations for Special Bend No. the of 
ie consecutive ‘simultaneous readings that was made for any one condition — 
of flow, was reduced to twenty, as ‘this appeared | to be adequate for oo 
£ degree of accuracy desired. The method of reading and the interval of a 


~ 


between readings were the same as for the previous tests. 


Due to the limited number of observers it was impossible to read all the 
_ piezometers simultaneously and, therefore, it was necessary to take three 
of readings for each test Tun at each of four adjacent stations. 
‘The stations that were read in each ; group of observations had to overlap in 
order to dstersaine a continuous hydraulic gradient for the entire flow line; — 
dat is, the last, or fourth, station in the first and second ‘groups of read- 
ings were the first stations read in the second and third groups of readings. 
i Observations of the flow were made by taking readings of the head on 
“the weir at 30-sec intervals throughout each test run. . The head on the 


| = was measured with a standard hook- -gage and the observations were 


| 


read to 0.0001 ft. The standard bend was tested under fifteen different 
conditions of flow with a Tange of velocity from (2.5 to ft per sec. 
a Improved Bend No. 1 was tested with a total of twenty- -one different flows, _ 
| having a range of velocity from 2.4 to 7.1 ft per sec and Improved Bend Ae oe 
No. 2 was tested for nine t flows h having a of velocity 
Computation of Results. —The diversion. loss resulting from the fluid 
_ passing around the bend was found by subtracting the total friction loss — 


in the flow line from the total loss in the flow line. 


_ The temperature of the water passing through this flow po during the 
ie was measured ‘at frequent intervals, and, from this, - was ‘possible 
to ascertain. the kinematic viscosity. With this factor and mean “veloc: 
ity of the fluid and the diameter of the pipe known, it was possible to 
compute Reynolds n number the various conditions of flow. This af- “1 
fords a dimensionless ‘paranieter for designating the results of these tests 
80 they may be transposed to other hydraulic having the same 


he It will be observed ‘Fig. 27, which contains a summary of the 
A information obtained in these tests, that the diversion loss factors for the — 
4 asl standard and special bends approach a constant value at about B = 250000. 
by This is in accordance with ‘the observations of other investigators and 
that the loss factors for a Reynolds “number of approximately 


= 
250 000 may be with fair degree of accuracy in all 


Be ase 


as this represents a very low of flow for a a pipe of 
; & size and is a condition that is not ordinarily of importance in the be 
operation. of hydraulic structures, therefore, although it may be of theo- 
interest, it is not of ‘practicable importance. It is probable, = 
that if these observations had been made, the loss factor curves 
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Conclusion. results of the | tests in Fi ig. 27 


| 
& 


Ww ith the conclusions. reached ‘Professor Mosksore| and ethene; that the 
— losses resulting from the passage of a fluid around a conduit bend can te 


a. 


= 
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3.032 in. 
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rs 3.032 in., 4.31 In. 
“Ap = Ar’= 0.2006 Sq Ft 


Aen 


Special Bend No 2— 


Ap'=0.2006 Sq Ft 


uth 
ali 


reduced by Aatening the in the lane the semi- 


4 


create a redistribution of the fluid velocity that ‘minimizes the losses by 
‘reducing the unbalance of pressure resulting from the centrifugal thrust of : 
the fluid column and by decreasing the resistance to flow around the | bend e 
on the side nearest the center of curvature. The types of bends tested by 
the writer were designed to withstand high heads in addition to reducing 
the losses whereas the bends that were tested by Professor Mockmore were 
_ designed for use under low heads. As a result there — is not sufficient i 
- similarity between the different bends that were | tested to permit a com — 
7 The loss factors for Special B Bend No. 1 with - flat side radially outer- - 
most were found to be materially less than the corresponding loss factors 
for a standard bend of circular cross-section having the same cross-sectional 2 
_ area and radius of curvature. The loss factors for Special Bend No. 2 — 
which had the flat side radially innermost, were found to be much lees 
_ than the corresponding loss factors for Special Bend No. 1 and very mu 
smaller than the losses for the e standard | bend. 
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a. 
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| 
conduits having a semi-circular shape when they are arranged with the 
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_ sage for the moving fluid is feasible for operation sede high heads with 

the shell and partition design. In this type structure circular pipe 
having approximately twice the required cross-sectional area, and designed 
to withstand the fluid pressure, has a relatively thin longitudinal partition | 
wall that is secured in the pipe in a diametrical position in the plane at a 
right angles to the plane of the bend. Relatively small holes in the par- aoe 
tition wall transmit the fluid pressure to both halves of the conduit 
result that the only force” acting on the: ‘partition v wall is the relatively 
pressure produced by the dynamic action of the fluid. 

-Acknowledgment.— —The facilities of the Hydraulics Laboratory at 

zt ington State College were made available for these tests by H. V. _Car- 

“ penter, Dean of the Engineering School, and M. & Snyder, M. Am. Soc. 


E., Head of the Civil Engineering ‘Department. J. G. Woodburn, 
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XL Am. Soe. C. E., contributed much of his time and energy in assisting 
with the work that ‘was done in the Laboratory, and it was largely through . 
his” efforts and co- -operation that these tests “were successfully completed. 
‘Hows arD L. Cooper,?® Esa. letter). —The ty of experimentation 
developed by Professor Mockmore will have marked impression on the 
+ future of hydraulic machines and structures. | ‘This fact has certainly been a 
"demonstrated in the turbine and draft-tube laboratory of the U. S. Army 
at Portland, Ore., in connection with the Bonneville Project. 
_ The writer wishes to discuss further some of the statements made by Prot 
- fessor Mockmore > and to give a little 1 more information on the draft-tube _ 
‘report, especially. pertaining to the tubes that were tested after the work 
was finished at the Oregon State Laboratory to the U. 
a Figs. 28 and 29, are submitted as evidence of the study that + - 3 started 
in an a effort to find a relation. between diameter of Jet, radius of curvature, hy 
and angle of flare of a jet of water passing around a curve on a flat 
plate. Such a jet represents the natural flow as it probably _ offers less” 
’ resistance than any other | method of changing the direction of flow through 
6 degrees. It is very easy to visualize the double spiral if one pictures 
- this fan- shaped jet folded up from each side upon itself until it is confined 
f in a 90° « elbow. The major losses are then the energy ‘required to form 
the double spiral and‘ also the internal friction caused by the different 


strata of the whirl rl meeting with different relative velocities with respect to 

‘The writer Meckniesi that Elbow No. 4 should 
be the e most efficient, as the flattened shape conforms more nearly to the 
4 fan- -shaped jet shown in Fig. 28 and Fig. 29. Pp The: double spiral is dissipated — 
‘ to a certain degree while making the turn, Fig. 30 shows a jet of water 

passing around a standard elbow with the jet smaller than n the elbow inlet; 


can be clearly seen how -one- half the double ‘spiral begins to. 
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Referring to the | elbow studies, the writer is convinced that a ane 


- gtudy of elbows, possibly using additional shapes, would show many inter- 
wi esting phenomena and possibly develop some id ideas that would be a real od 


Secs, 


_ Referring to the functions of a draft- tube, the write: wishes to take 
the liberty of discussing the advantages i in a little more detail. The ‘velocity 


of the water is reduced after leaving the turbine r runner, but in doing so it 
- maintains a seal at all times and lowers the absolute pressure directly 


runner and, therefore, increases the total 


Yo 


ATS 


in velocity , therefore, reduces the output of the and also 
frequently ‘causes serious vibration, which naturally reduces the life and 


mechanical efficiency of the unit. 
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ai The the center line of the runner above the tail-race is an 
eet feature. Francis wheels can be placed much higher than those _ 
of the propeller type. careful study must be made of propeller 

type settings with respect to their ' elevation above tail-water, as the location - 

depends on the proper combination of the plant, specific speed, and 
the general design of scroll and draft-tube, in order to prevent cavitation 

at the higher loads and low tail-water conditions. (o = the cavitation 

=the ratio of. the maximum possible pressure reduction within = ide 
, the runner without vaporization of the water, to the total effective head 
om the turbine. Plant o is distinguished from Field o by a suitable factor 
a of safety. } The ratio of the peripheral speed of the runner to 29 H = $b.) 

S Cavitation | not only affects parts of the runner blades and throat liners, 
but sets up detrimental vibrations in the unit and the structure. \ 
draft-tube also should have enough velocity at the together 

ft with the hydraulics of the tail- race, to keep the velocity high enough to | 
dear the tail- -race- -race without the building up of undue head. 
" In large draft-tubes the writer makes the following recommendations _ 
based upon experimental observation. In addition to the horizontal ‘splitter, 
at least two vertical splitters ¢ are » suggested; | also, the e placing of six or more 
+} vertical, stream-lined struts in the exit half of the horizontal — leg, te 
a spacing to be arranged by experiment. _ These struts will cause ® the water 
to seal the exit with - discharge and, therefore, incr increase the 


5.—Heap, Feet, Requirep To Fiow 0.997 
‘Tur roven Drart- Tu BE | No. 


JA 


[ 


struts 0.4062 | 1.709 
With struts, Arrangement No. 2 
<The information contained in ‘Tobie 5 is taken from experimental data, 
Draft-Tube No. 2 being operated with, and without, the | vertical struts. in as 


horizontal leg near the exit (see Fig. 81). oft wodin 


 Draft- passages that do not allow the water to flow smoothly reduce 
the re-gain in velocity head, and this method of experimentation, together — 
= with the use of slow motion pictures, ‘possibly will enable most of the | 
internal cross-currents to be checked and corrected, thereby increasing the 
Te gain in velocity head. The writer suggests that material of. prac- 
a tically neutral buoyancy be used in the water instead of the injection of 
air, because the air bubbles w: will upper surfaces and 
give a true pattern of the “flow 
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incorrect. anil: 


After weeks of searching, the writer a hardwood 


that would give true. pattern after being soaked in water: for about he; 
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a... ater, did not affect the specific gravity of the liquid. This Cae photo- — 
a3 graphs very well in slow motion pictures. The paver also agrees that any 
attempt to simulate the flow from a a water- turbine runner by mechanical 
means is useless. An homologous model runner should be used in in all 
 seroll-case and draft-tube studies. There is no doubt in the writer’s mind | : 4 
about the statement that every draft- tube should be "designed especially ; 
for its own setting | and turbine. # pide tat fortis 
_ The writer would carry the increasing diminishing | degree of the area =, 
_in the elbow a little further and reduce the sections around the bend, giving _ 
the » flow a slight acceleration. All” model tests” showed. that’. when 
velocity was slightly accelerated, very smooth flow resulted. This can also — 


observed by i inspecting 45, in Fig. of the Paper. After 


water has : a whirling is very and ‘such: ‘measure: 
could be in a at least three ways: One with a 


— 
compensated, and no doubt will cause Litot tube velocity readings to be 
— trif 
wo 
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placed into the flow with the holes 90° from line of 
method would be to use the outside piezometers and correct for the cen- 
—— trifugal force of the whirling body of water; and (3) the third | suggestion ‘ee 

ba would be to use the method developed by the Reclamation Bureau and = 
‘the War Department laboratory at Portland; that is, find the entrance 
Joss in the entrance tube without the draft-tube in place for the various 
appearing and then operate the entrance tube in conjunction 
raft-tube efficienc 
in =the coefficient of discharge of the entrance tube; and C, : =the 
| coefficient af discharge of the entrance tube, together with the elbow tube. — 
In all experiments the flow should be corrected to. common quantity 
3 using the coefficient of discharge method; that is, find the coefficient 
of discharge and substitute back in the orifice formula, using a constant 
Re rate of discharge, Q, for the final data. - This may not indicate large varia- ee 
; tions because the efficiency varies little with a change in the quantity; 7 
however, it does make the data comparable. | | 
‘There is no doubt that the most satisfactory method of checking the: ras 
operating advantages of draft- be to run them on a 
turbine that is equipped | with an accurate dynamometer. This will give 


fe 


the relative operating efficiency of the various combinations, which is in AS af 

is required in the final analysis. following comments are offered 

the draft-tube models designed by the U. Engineer Department. 
es Draft- Tube No. 1. .—The principle of the fan- shaped jet, as shown in .. 
Figs. 28 and 29, was applied to this design within the practical limits of = 

rs the e economical center spacing of units in the power house. The elbow ya 

was very smooth; however, the velocity at the extreme sides. 


unit as near to the Bonneville size and power 
as any other Kaplan turbine then in operation. the first tests show, 
Table 6, this tube gave fairly good results. ‘The ‘tube was then ‘tlm to 
ti - the U. S. Engineer Laboratory, at Linnton, Ore., and, as a result of slow 
pictures and general: observation, several alterations were made: 
(a) The deceleration around ‘the bend was changed to a pegs accelera- P 
_ tion; (b) the top of the vertical leg near the bend was lowered to fill a 
rod no-velocity area ; ; and (c) the angle of the elbow sides was” reduced with 
te “respect to the center line. All these changes indicated a marked improve- _ 
ment in the flow conditions and, based on the same method of testing as 
that done under the direction of Professor Mockmore, showed an average 


ot! 
efficiency of 70.0% an increase of about 5 per cent. | 


The fact that this increase was due to the visual study would indicate — 


many additional improvements would be possible with added 
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This tube woudl give very good operating results on a turbine a 
whirling component in either the forward or backward direction. . The 
i= elbow is too short and the splitter too high in the vertical leg for a wheel 
having a large whirling component which would set up violent disturbances 


Test Data AFTER ALTERATIONS (a), (b), AND (c) rig 
Were Mane, Drart-Tuse No. 2; A = 0.1967 Square Foor 


reclaimed, = 
209 Column (8) 
— Column | * Column 


0.275 


2.630 


Average 
0. 
0. 230 
0.239 
0. 


0.171 


|: 


140 


0.101 


Average 


reduce the efficiency. tests definitely that wheels giving a 
darge whirling component should the splitter located above one- ‘third 


of the way around the board as recommended by cea Se Ab 
Draft Tube No. 8.—This tube incorporated the flat jet idea that w 


manufacturers. _ The results were practically. identical to those 


found in Tube No. 1, and the flow conditions within the ‘tube were quite a 
Draft Tube No. tube was designed and by Professo 
‘Mockmore. The writer” did not see it operate, and, therefore, will make 
no comment | on _general operation. 
Draft- Tube No. 5 .—This -draft-tube (not Mockmore’s_ 


paper) was designed 20 that the entire whirling component was transferred 
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velocity head ‘without use of splitters ; only one 
was used and that was for structural reasons. one model that 
made showed very good efficiency. No alterations were made, due to the | 
lack of time, but the writer is confident that, with several | alterations and 
re-proportioning, the tube could be- made into an excellent draft-tube. The 
cost of construction should not exceed the cost of splitter tubes. ne 
An interesting phenomenon occurs when under operation ; that is, no _ 
matter whether | the entrance whirling ‘component > is 1° or 50°, ‘the flow is 
—_ divided between the two exit channels with no eddies or high 
yelocity areas. The tail-race is exceedingly smooth under all load condi- 
tions ‘The ‘slow motion pictures showed that this double spiral was 
pletely dissipated before passing around the bend. 
TABLE 7.—Lazporatory Comparison or AND 
DECELERATION IN VERTICAL Las. OF Drart- Tuse No. 


Vanes | He — Hy | VHa — corrected for ha 


2 
on 


0. 
0. 

0. 
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(6) Wrrn Srraicur Contcat Verticat Lec 


Cs = coefficient of discharge. = 
: ‘The writer cannot see why Tube No. 4 which contains many of the 7 
author’s recommendations for designs draft- -tubes, | should. show a. lower 
i efficiency than the Tube N Yo. 2 which | is similar in general shape but does 
‘Rot contain any recommended designs. The trumpet-shaped vertical leg or p > 
line deceleration showed less: ‘dans when installed on Tube No. 
2 than the — cone. The data given in Table 7 are offered as evidence. _ 


ig COGPER ON FLOW CHARACTERISTICS IN ELBOW DRAFT-TUI 
| — 
| 
— 
0.155 0159 0.151 0.389 0.771 | 1.270 
0480 | | 0.234 0.484 | 1.310 
| @ 0.768 0.610 | 0.5 0821 = 
0.281 | (0.530 0291 | 0.278 1.202 
2830 | 1528 | 2370 2.357 0.413 § 
— 
4 


anal The writer agrees that a sudden deceleration near the runner may ca: 
cavitation, but he does not believe that the difference between the straight 
cone and t the trumpet- “shaped vertical le leg would be 
pees enough ¢ to cause any trouble. It would be pos- 


LOW CHARACTERISTICS IN ELBOW DRAFT-TUBES- 


i angle of flare (Angle A, Fig. 32) would exceed the 
ae angle» that water will follow without leaving the — 
» surface, where a smaller angle (Angle B, Fig. 32), 
i might be satisfactory. The trumpet-shaped vertical — 
| leg has one decided advantage (if Angle A is ‘mot 
ae too large) and that is that this change i in n shape will 
naturally conform to within 


is cither straight or with a whirling 
splitter as shown non 7 Tube No. 0. 2 is is. the ‘There is a 


‘TABLE. 8,—LaBoRATORY Test Data or 
| -Drart-Tuse No. 


corrected 
4 7] 


corrected | . forQ 
= per for Q difference 
— an difference and exit 


1.000 0.234 | 0. | | 0.228 | 0.474 


2-IN 


0780 | (0.743 375, 0. 0.383 


(c) 4- Inca Com Orr 


Straight 1. 0.487 | 0.508 9358 0.495 
0.417 0.409 167 | 0.399 


‘Straight 000 969 0.295 0.549 | 1.155 
0780 0.783 0.203 | 0.451 202 | 


om Straight 1,000 0.220 169 | 023 


f- 780 0.7 0.139 0.373 0.146 


— 
a 
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— van thi 
flow 
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poe 
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— 
| 1.312 
Cur-Orr rroM Tor or HORIZONTAL SPLITTER 
Straight, 1.318 
1.291 = 
— 
1 
— 
221 | 0.470 | 1349 
— | 0.371 | 13 


COOPER 0 ON FLOW "CHARACTERISTICS IN ELBOW DRAFT-TUBES 
“sibility that with the the change rate of 
 eaused the drop in efficiency. The fin on top of the splitter would no doubt = 
be ‘impractical, according to the author, due to the large variation in whirl- | 
ing component ; but no doubt it could be cir good advantage in pipe 
‘The writer agrees that the whirling component changes from forwarc 7 
to backward it in the Francis type of turbines depending upon load condi- — 
tions, but for Kaplan propeller types within the normal range of specific 
speed this component is always forward in the direction of the propeller — 
‘rotation. T There is belief in the writer’s mind that one could capitalize on 
this phenomenon and the energy within this ro rotating body water Te- 
gained in the form of useful work (Draft-Tube No. 5, for example). __ 
‘The w writer can not subscribe to the belief expressed by Professor Mock- 
more regarding a central rotating core in. the “vertical leg movi ing toward 
the entrance of the tube. This may have been possible when the core was 
~ camposed mostly of air, ‘but in al all tests at the Portland laboratory where 
a neutral buoyancy material was used to give the flow pattern, no ae 
of flow was observed under any operating condition, 
_ Considerable advance in the art of constructing pyralin models has 


been made in the past few years. One arrangement that gave very 
curate results without wrinkling or discoloring the pyralin consisted of 
electric oven, thermostatically controlled, into which the moulds for am, 
forming | ‘the models were placed. The moulds with the pyralin | sheets in 


place were forced together by a hydraulic ram operated from the outside, 
side of the oven containing a mica window for observation. After 
‘moulds’ “were “pressed together completing the forming operation, the 

oven was allowed to cool before they were removed. Motion picture 
cameras taking 64 frames per sec are fast enough to photograph the flow _ 
models of this size. From: experience, , it is recommended that they be 

taken at night under artificial light. (eee ton at 
longer -draft- tube should be the most efficient for two important 


_ ‘Teasons: (1) It effects a greater re-gain in velocity head; and (2) it allows bat, : 


whirling and elbow disturbances a longer passage in which to straighten en 
oie and make a better seal at the exit of the tube, nate att} 
_ The writer would like to make the following suggestion for design of 


elbow -draft- tubes: Carry the circular and elliptical sections down as far 
possible the vertical leg; in order to the bend, 


areas slightly, allowing the top and ‘bottom to conform ‘to the 


is radii and the sides to the correct areas, the flow lines, of course, to be —_ 


2 fair at all times. The » flow can be decelerated finally in the horizontal leg. 

large units install ‘at least two vertical splitters in the horizontal 
and extend them about one-fourth of the way around the bend, one hori- 

: zontal splitter v which does not extend more than one- third of the way 
around the elbow, and six: stream- n-lined struts im the exit 
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MOCK MORE CHARACTERISTICS IN ELBOW DRAFT-TUBES 
_ The following list gives an idea of many features that could possibly 
be improved by visual studies of draft- -tubes for various specific speeds and 
- types of wheels over a wide range of operating speeds: The location of 
the splitter; the shape of the splitter; the number of vertical splitters; - 
of deceleration and acceleration; shock and eddy losses; 
-no- -velocity areas; high velocity areas; reversals of flow; cavitation; vibra- 
tion; line (or minimum exit velocity; use use 


and inside and outside radii: of 
Ay M. Am. Soc. C. (by letter).—There is 


tubes has little more than made its ‘debut’ in the hydraulic laboratory” 
~ The findings made in this study and the suggestions made for the design 
of draft- are not regarded as as final. In this day of research, even 


formity with the usual rule that high p pressures go with low velocities.” 
This belief is apparently based on the Bernoulli theorem, and would wi 
correct for a single particle of water, but in Fig. 1 _ two . different particles 


me Consider a case of two particles of water such as at Points b and ¢ of 


‘Fig. if they are up stream a reasonably short distance, say, 1 ft 


same total energy the pressure near walls would be 
than at the center of the pipe. _ This seems questionable. If there is a dif- 
ference it ‘could not well be detected by the pr ‘pressure orifice of the Pitot 
tube used in these experiments. — If the pressures are practically uniform | 
across the pipe section and the filamental velocities are highest near the 
center of the pipe then the highest total energy content would be near the 


ws Now consider particles at Points b and d of Fig. Ri again, just before 
they start around ‘pipe bend. Suppose each particle” approxi- 
- mately the same pressure head, but different velocity heads. Then an in 


= stant later ¢ each particle starts its course around the bend. i Particle b will 


induce and a di fference between filamental velocities near 


recommendations for the design of elbow draft-tubes on the basis of the 


— 


center of the pipe, as indicated for Section 1 of Bend No. 1, Fig. 1. ; ean 


the center and walls of the conduit. bas 
et <a Mr. ‘Sharp thinks that the writer is not justified in submitting general — 


and Head, Dept. of Civ. Eng., Oregon State Coll., Corvaliia, Ore. 


= 
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4g 


reason to agree with Professor Mavis that “ the investigation of flow in draft- 4 


states that he “would expect a er a low, pressure at Point d in con- - | 


x 


u 


— 
— 
<7 
4 ve 
— 
, 
ik 
— 
a g Certainly the particle near the center of the pipe would have a greater re c 
— 
| 
Tiave ult picaver Colluliiupal lurce alu Will Crowd . 
4 toward the center of eurvature Two fundamental eonditions were neces 
= 


drawn “0 the tests described a but rr other sources, such as a review 
a of the literature, inspection of turbines in operation and repair, and from > 
visits to various turbine laboratories where scores of model draft-tubes of | 
almost every conceivable shape | have been tested. For example, at 
commercial laboratory visited in 1932, a test deseribed in which 
‘movable false bottom was installed in an elbow. tube such as one might 
- imagine for Tube No. 2, Fig. 12, between Sections 5 and 10, so that the 


The data o on the areas various Draft- Tube No. 2 are given 
ht Sharp : states that tests on model draft-tubes should be used as a 
y guide for tests with model turbines “ but should not be used as the bases for 
te construction of large tubes in the field. ak It would be difficult to con- 
vince many engineers interested in ‘model research that ‘such work had 
value in relation to the design and construction of large water-turbine de-- 
velopments. ii little experimental data can be had on such 
-velopments as that on the Columbia River. Changes dificult and 
expensive to make, and measurement of flow of water through the turbines 
is especially troublesome and questionable in accuracy. 5 ashy 
< fe The trumpet-shaped vertical leg of the draft-tube need not extend far 
from the exit of the turbine runner, so that the allowable values of flare — 
are not exceeded, ‘somewhat as an easement spiral is ‘placed o on a railroad — 
curve. Suppose the efficiency of Draft-Tube No. 2 were higher than that 
oof Tube No. 4, as Mr. ‘Sharp points out, one wonders why he d did not show 
experimental evidence or other ‘proof, that it could have been due to the 
Prasil vertical leg. Experiments of Hofmann —(8),3 Gibson and Labrow a 
and Andres (31),* ix indicate that the e trumpet- -shaped tube has as high, 
not higher, ‘efficiency as a ‘straight cone. As indicated in Figs. 18 
i 19, there was greater dead- water space in Tube No. 4 than i> No. 2. = 


more logically be due to too great a A- -distance In same 
Harza suggests that considerably more improvement would result 


— 


ditional lessening of ‘the | A- distance of an 1 elbow tube. 
The loss in flow through the experimental pipe bends appears to 
interested, not only Mr. Sharp Mr. Harza, but forth the 


“the writer’s suggestion, for the design of the bend of 


ae =" ‘Tegretted that Mr. Cooper did not submit the design of the Draft- 
Tube No. 5, which showed such fine | characteristics in operation. He states 


= 


= 
MOCKMORE ON FLOW CHARACTERISTICS IN ELBOW DRAFT-TUBES 463 
nd 
of a 
he 
“4 
gn 
be 
es — 
— 
of += 
— 
— 
ay 
d 
a 
— 
— 
nea 80 that the entire whirling Component was transterred 
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ito head.” The test would really be met when this com- 

ponent is transferred into effective on the turbine, edt 


the bend as in Draft- Tube 2, ostensibly to 
refute Conclusion (10), and then proceeds” to g give his own suggestions for 
to ‘one horizontal: which does not extend more than 
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Discussion By Cursren F. Ganon; E. F. 0. Ww. 
piper, Georce W. Hunt, Frank B. WALKER, Artnur N. TALBoT, 
Ferauson, A. N. Reece, M. Maces, H. D. Hussey, AND Aurrep A 


- the length times the change i in temperature. . The action of the ties in resist- 


longitudinal movement of the rail is neglected. 


Pr For a | 33-ft rail, with ordinary track construction, the resulting error is 
“Tess than 2%, and, therefore, may be justly neglected; for a 66-ft rail, 
ever, it may be from 10% to 40%, depending upon how securely the rail is - 
fastened to the ties; and for the long continuous welded rails, the error is so- 
great that it is evident that tie resistance must be taken inte sede. i ; 
L In the following analysis of the problem, formulas are developed ih 
i) include the action of the ties, and, in addition, the effect of joint restraint. 
The resultant: theoretical rail "expansions are in good agreement with ‘the 
general observations made on the German railroads, and the careful meneube> 
ments made on four half-mile length rails in the Delaware and Hudson 
Notation.—The letter symbols in this paper are introduced in the 
as they occur and are summarized for reference in n Appendix I. An. 
has been made to conform essentially with “Symbols for Mechanics, Struc- 
tural Engineering, and Testing Materials” compiled by a committee of the 
; American Standards Association, with Society representation, and corel 
‘The coefiicient of linear expansion, n, for. hard steel is to 0.000073 
Ae in. per degree Fahrenheit per in. of length’, - Therefore, the free expansion 


25 Asst. Engr., Interborough Rapid Transit Co., New York, N. Elected Assoc. M.— 
“ae Am. Soe. C. E., on October 1000. 
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, expressed as a formals, is, the 


in which | = half the length of a rail; and Al; = change in length, due to a 


temperature change, At, when the rail is free to expand. If this ‘expansion ny 


/*- prevented by fixing the ends of the rail, the resulting uniform —_ 8, i 


Enat. 


= 


in which § = unit strain, in inches per inch; and E= modulus es cael *) 


For cE =: 30 000 000, s = : 219 At, or the stress is 219 lb per sq. in. for every 


degree change in temperature. _ it should be noted el this stress is inde 
—odMf At= = 100° F is the rise in temperature over that at which the rail was 
er the stress would be 21900 Ib per sq in.; ond if ‘the rail section were a 
100-1 Tb AR with: a cross- -sectional area, A = 9 85. sq ‘in, force, 
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Fic. STRESSES IN A Ral 
"required at each end prevent would be = sA= 21 900 | 


tie spacing, “equal to 22 in, would ‘Tequire the average tie resis- 


lit 216 000 Ib 
to longitudinal movement, “to 216 000 X 2 22 = 


hy 


ReEsIsTaNce ‘Regu RED To DEVELOP 216 000, Pounns 
Jo. of 33-ft Length, L,| Resistance, T,in|| No. of 33-ft Length, L,| Resistance, T,in 
rails in feet | pounds per tie in feet | pounds pertie — 


000 


— 
66 
— free 
 diti 
— 
| 
& 
— 
— 
q 
— 
) 
a 
x 
— 
— 
q 


dition is approached. ‘Table 1 illustrates how 
quired to expansion varies inversely as the length of the rail. 


ge 


q 


(c) CONTRACTION DECREASED BY LONGITUDINAL RESISTANCE, Not 


Vike 


(d) No LoneirupinaL Resistance Requirep oF TIES 
4 


Fic. 2—MopeL SHOWING THaT RESISTANCE TO LONGITUDINAL MOVEMENT DEVELOPED BY 
Fg THE RAIL FASTENINGS NEAR THE ENDS Can Be Svurricient TO PREVENT CONTRACTION 


¢ The free ends of ‘the | continuous s rail will always expand 2 a certain extent. 
To determine this actual expansion for any length of rail, and for any 
degree of 1 tie resi stance, it is simply necessary to determine how much 
@pansion is prevented, and to subtract that from the free agree The 

— concept of the increasing resistance to longitudinal movement, from zero at 


free toa a maximum when ties fix the rail, is 


— 
resistance: of 24000 Ib, unless set in concrete, a 33-ft rail expands quite 
fj freely; but when several rails are made continuous the average tie resistance go =< 7m 
a drovs to an amount that can be developed reasonably, and the fixed-end con- 
~ 
4q — 
- 
a 
a 
— 
= 
It may be demonstrated very effectively with the model shown in Fig. 2, 
en which co bands fastened to cardboard strips which rep- an wen 


— equally spaced of the rail base. rf By fret stretching the 
elastics, then placing weights on the strips: to obtain” various degrees of 
= longitudinal resistance (rail-fastenings), and, finally, releasing the ends, 
the action will closely approximate that of a ‘well: Sellawing a drop in tem. 
perature. Using compressed springs instead of the elastic bands would 
4 illustrate the case in expansion. ip 
Deriv ATION OF Formunas ror Exp. "ANSION (or C ‘ONTRACTION) 


Without Restraint. —For simplicity consider the t tet to 
ob hi datetated: edlitetnle. along the rail so that — is in pounds per linear 


inch. | (A ‘solution by. nol summation of the terms of the arithmetical Progression 


when the tie resistance prevents with a rise in 


tensile stress with a drop in temperature), is, from Fig. 1: a By 


and may be considered constant in | the differential element, d: dz. ; 
. - Hooke’ s law states that this stress is proportional to the strain; and d 


is true no matter how is a load in a 


the different temperature. Therefore, the ‘strain in the 


l, is now integrating between the tilts, = 0 =1, 
(This result of integrating Equation (6) can be obtained without t the 

use of calculus by noting that | the sum of all the suppressed unit changes 

in length is equal to ‘tho aren the triangle 


— 


— 4g NEW THEORY OF RAIL EXPANSION = 
an 
— js fi 
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| 
a ligible for long rails) 
3 error of this assumption to be small, and quite negligi 
4 
4 
4 
— 
4 
| 
to the stress Im the re 


fixed. ‘it is best to use calculus to illustrate the general 
to be used in case the resistance to longitudinal ‘movement of the rail is — 
“f - found to be some empirical curve rather than the simple straight- line varia- 
this. analysis.) net "expansion the free expansion 


required to develop the force, F= ox n n At 4, which fixes the 
pail thereafter, so that there is no further increment i in the total expansion. — 
If this is not ‘sufficiently obvious from Fig. convincing proof” may be 
* obtained by setting the first derivative of Equation (7) equal to zero for .: 
‘maximum, and solving for 1. Consequently, the tie resistance, T (which i 
simply a frictional ‘reaction opposing an: any movement), , does not come pa 
action at all in any additional length of rail placed between the critical 


lengths, ale each end, as the model action shown i in 7” én (d) ~~ demon- 


Substituting the value of this critical — in 
the following simple expression for the maximum end ‘Movement of a 


> 


 qentinnous welded rail is one-half of what the free expansion would be in 


the length that is required to fix the rail, bas one 
on That this i is what should be expected is evident v when it is considered that | 
expansion varies from its normal unit free expansion. at the end of the 
tail, uniformly, down to zero at the point along the rail where the force © 
(independent of the length) required to fix it becomes fully developed. 
Note that ‘Equation (9) shows that the maximum expansion: (1) Is ie. 
— independent of the length of the rail; (2) varies as the square of the tempera- — 
difference e for given track; and, (3) different tracks, varies 
‘inversely; as the tie resistance. This is quite a departure from the time- 
honored method of computing allowable gaps for 33-ft rails. That the actual 
- epension follows Equation (9) in principle is strongly supported by the. care- 
fd observations made on four continuous rails, each about 2600 {t long, at 
 Mechanicville, and the general observations m m made in Germany and other 
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NEW THEORY OF RAIL 

on Example 1.—For the case in which n = 0,0000073, At = 100° F;¢ = = 99 
; T = 1000 lb per tie; Ae CA5.:0q in.; a and E = 80.000 000 Ib per sq in; 
’ = 216000 lb; N = 216 ties; and Al’ms’ = 1.74 in. . This maz maximum expan- ; 


sion would occur at each end of a continuous rail, = 799 


a t long. For any longer rail, the additional length would be fixed com- 


remain the same — 
Expansion of ‘Rails Shorter Than the Critical Length. lengths less. 


792 ft, ‘the net expansion can. can be Equation (7), 


als = 0.000731 — x 10*) 


~ 


Number of 33-ft 


s 


pansi 
Al, in inches 


opal 
(end to middle 


f rail) 


f rail) 


Aly, ininches 


Aly, in inches 
Length, L, in feet 


_ | Number of ties, NV 
Als, in inch 


oooo 


ate 
aoe os 


maximum expansion varies as val of T 
- = 5000 Ib (claimed possible in certain types of track construction), instead of 
the T = 1000 assumed, would give a result only one-fifth as great (that i is, "9 
0.35 in. ) and N = 4 would be the number of ties s required on each side a 


the middle of the rail to prevent further ex expansion | for longer ‘rail Tengths. 


this case the critical length, would be 79 ft. 
‘There probably would be “slight m movement of the tie proportion) 
to the resistance for so high a value of T. To show a possible cause of 
discrepancy in the observed and theoretical rail expansions, as described in 
q this | paper, and to show also that it is probably ‘negligible if H, the modulus 


of horizontal resistance, is about the same as u, the vertical modulus of foun- 
dation", t the calculation is given. (The modulus of foundation, is 


resistance, H, is the’ force per per. unit length of the vail dpe to produce & 


8 Introduced in the First Progress Report of the Special Committee on Stresses in Rail- Es 
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deflection of the foundation equal to unity.) If, on the average, 


each tie movéd about the same distance to develop its value of tie resistance, _ 


Subetituting: T= 5.000, c= 99 | in., and H=«=1 500 Ib p per in. per in. 
aon average: value), in Equation (11), the additional movement is found — 


to be > only 0.15 in. The tale expansion at the end is, then, 0.35 + 0.15 “a 


length of continuous 400, or even 1000 ft long, would give 7 
the same theoretical | expansion (0.50 in.), that is calculated for this 158- ft * . 


-Iength. ‘It follows that, for preventing expansion of the remaining length, 
only 79 ft at each end of the long continuous welded rail need have the 
higher resisting and more expensive rigid type of track. Maintenance-of-way 
S engineers contemplating the change to welded joints will be interested in 
verifying this conclusion. — In this connection the writer wishes to make 
My it clear that, although | he recognizes the desirability of rigid track for the = | 

~ entire length of the rail, his present purpose is to emphasize and call atten- 

tion to the heald fact that the longitudinal resistance is developed only as a 

~ reaction to movement, and this occurs near the ends of the rail, not at the 


- For rail laid in cold weather, it may even be necessary to provide 
lateral anchors, in addition to stiff track, to prevent the rail from buckling 
ig laterally and from being thrown out of alignment. On the other hand, for 
tangent rail laid in hot weather, with only the tensile stresses resulting from oy 
S a drop in temperature, no no ) special type of track may be necessary. Putney 


ith... 
a Fig. 3. 3. shows the longitudinal resistance assumed to be increasing uni- 


formly from the initial value, P, representing the joint restraint, to the maxi- X 
mum value, F = iE n ‘At A, that is required to fix. the rail. As in the 


ht 


+ case without joint nateniah, the change in length that is prevented depends 


directly on the stre 
he veloped in the rail, which is 
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Fic. 3.—Forces IN 
Substituting the critical length, 
a) 


the on le of a il gre 

Determine of P and T by Observation of End Expansions— 


The procedure for determining the values of ar and T ” by observing end expan- — 
is as follows: 
Measure Al, end movement with joint restraint from a fixed refer- 
a ence point, for « known rail temperature change from the laying tegen 


osen: their 


grip completely that the ideal condition of free ends. will be 
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(18) whieh to Equation (9) when P = 0) tad solve Sen: ho 


(4) Placing this correct value, 7, and the first measured end ‘movement, 


Al, with the same temperature difference, in ee (18), solve for the 


movements can be substituted directly in the forwmela to give the ratio. 
restraint to the total force required fix the rail. the 


General. — son wi h general ob Germa 
parison with general o served in 
tention is ealed to the following 
a “In Germany a 1000 length of rail moved }” and 2” at the joints. * * * 
ce The German engineers say the amount ‘of movement at the ends regardless 


oof the length is apparently only the normal movement for 40 ) ft. rails.” ; 


Movements for 100, 200, and 400- 


Australia, engineers of the Vietorian Railways 
‘This was for rails as long as 250 ft, with 
* 


(9) can be transposed : and written 


2.— —Equation (81) can can he ved by reference to Fig. 

example, let the observed movement, AV = ¥% in.; At = 58° F; 
F=230 x 10°; n =7 x 10°; ¢= 22 in. 12.86 sq in. Equa- 

_ tion (22) the value of the track constant, K, is found to be 0.20. Then, 


Rail and Thermit t Corporation, 
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NEW THEORY OF RAIL EXPANSION 


entering Fig. 4 at bat= = 58° F, intersect the curve ,K= = 0.20; —_ hori- 
_ zontally from the intersection to the radial line, AV’ = fe in., to determine 


tie resistance, T= 2100 lb p per tie. 
_ 
CST Va we. 
=o =o 
8 6 5 3 — 20 30 40 50 60 70 80 9 10 


Res of Pounds em Chan e, in De rees Fahrenheit 


4.—Gnarmicat SOLUTION oF Bae ation (9). 5 


Example the conditions in Example 2, let T = 2.000 Ib per 
‘ tie; ;Af = 100° F; and, K = 0.20. Proceed vertically from Af = 100 to 


0.20, as before; continue horizontally from this intersection to | 

= intersection with the vertical line, T = 2000; and read the answer, Al’ = 1 in. ‘ a, 

1 in 

or. THE \S TO THE Me CHANICVILLE, } OBSERVATIONS: 


our continuous aC half- mile lengths: of welded A. REA, 
= c 131-lb rail were laid in the main tracks of the Delaware and Hudson Rail- 
% road, at Mechanieville on an extremely hot day, and the closing rail tempera- ; 
noted. Subsequently, the maximum observed contraction at one ¢ end 
“was 0.75 in. for a temperature drop of 82° F. If the joint restraint were. 
bl slight, or were removed entirely, Equation | (9) (for free ends) applies. a 
by The values of the track constants are: Cross-sectional area of vl, 
“= = 12.86 sq in.; FE = 30 x 10°; n = 7 X 10°; and c = 22 in. — f 
i. 7 _ Substituting the observed values of Almax. and At in Equation (8) (see 
heading “Graphical Solution”) and neglecting the small tie movements gives — 
a value for the average tie resistance to longitudinal movement of T = 18601) 
7 per tie. The average calculated value of T from forty observations (that i is, 
‘ both ends of four . rails measured at five different times after installation) was 
vii 2100 for an average movement of 3; in., , and an average temperature drop 
=* Using a value of, say 2000 for T, the maximum contraction for a tem 
a on perature drop of 100° can now be predicted from nea (9) (as shown in 
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THEORY OF RAIL EXPANSION 
Example 3), and in the Al=1- in. This will be the same fee 
any) rail (with similar track constants) longer than twice the critical 
_ 
length, and from Equation (9) this is: = = 475 ft. 
Thus, the actual contraction is 3 only one-half of what the free « contraction 


would be at each end in a 475-ft length of rail, and one-eleventh of what 
it would be at each end in the 2600-ft length. 
Erample 5—With Joint Restraint—Since it is quite likely that joint 
restraint did exist when the observations - were made at Mechanicville, it is 
. important to show how the additional data obtained in the ‘suggested pro- 
~ eedure for determining the degree of the joint restraint is to be applied in 


Suppose after Al, had been ‘measured equal to 0.75 in, _the joint bolts 


making AL = (1.25 in. The correct value of tie resistance can now 


solved from Equation (9), or more directly by making - use of the fact that — 
the maximum end movement for free ends v varies inversely as the tie 


4 & 75 x 1860 = 1120 Ib per tie. . of ties 
min mute: the force, F = E n At tin 222 000 Ib, would be, for 

222 000 = 198 ties, and length, = = 198 = 


ag The of ties length of rail were in use, how- 
ever, depended upon the degree of joint restraint. Applying Equation (20): 


, [0-75 re ‘le wats ene | = 


P = 222 2000 = 50000 lb. The number of ties in use with» 
1.25 


this degree of restraint was: N, = 154 ties; and, the 
critical length: 1” = N ,¢ = 154 X— = 282 ft. This means that the maxi- 
mum contraction (0.75 in.) would have remained the same at each end, for 


any length of welded rail from 564 ft to the actual length of the installation, ° 


en the rail had been shorter than twice the critical length required to fix it 
a 
“completely, this fact would have been evident, according to Theorem i. - 


its observed free end movement being greater than one-half the calculated : 
free contraction, Equations (7) and (16 would then apply. 
complete ‘analysio. of the stresses in welded rail would have to 


complicated wheel load stresses in addition to the temperature stresses 
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THEORY. OF EXPANSION | 


sed 
are in II to s show ‘the “extent of this ‘subject an and the 
ha necessity for limiting the present investigation to one particular aspect, — 
« The principal objection to the introduction of continuous welded Tail a 
been the fear of excessive expansion or contraction. ‘The w writer’s ‘purpose 
has been solely to answer this objection by presenting a theoretical explana. _ 
tion of the small observed expansions in existing long rails” which are ‘not 


‘accounted for under the existing “ theory,” thus establishing a ‘sounder basis 


is hoped that, with more observations of the correctness 

f the formulas presented in this paper will become established. Iti is 
ee this knowledge of what fundamentally takes place at the ends of the c 
rail that the proper approach | can be n made to the economies 


writer “expresses his appreciation to his sv superior, F. W. Gardiner, 
Am. Soe. C. E., for making available the data suggesting the problem, and 
= for the discussions which served as the basis for this paper. Credit is due — 
G. M. . Magee, Assistant Engineer, Kansas City Southern Railway Company, 
his in checking the » mathematical derivation 0 of the 
and for his suggestions. __ vert = 


VD 
‘The ne following letter symbols been adopted for use in the paper: 


cross- area of ar in square 
distance between ties; tie-spacing, in inches; 
modulus of elasticity; = 


force; the total force required to restrain a rail, in pounds; — 
a subscript denoting free expansion 


modulus of horizontal resistance; 


a track constant (see Equation (22)) ; “4 
I = total length of a rail or track; 


Coad 1 = length of a rail from one end to the ‘middle, when the longi- 
fin idan “ate tudinal resistance is insufficient to develop a force, F, to 
nen _ restrain a rail; Aly = change in length due to temperature — 
change (in inches), with free expansion in the length, 4G 
Al, = change in length that is resisted or prevented from 
Te taking place due to the cumulative effect of the tie resistance; 
= eritieal length, or length required to develop a restrain-— 
sas sind ing force of F |b, or a force sufficient to restrain the rail en- 
io tirely; [” = critical length which includes the effect ae: 
a ‘ joint restraint; Al, = end movement when a joint is re- 
nah straine d, measure od from a fixed reference point and corre — 
= end mov when 
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NEWT ‘THEORY OF RAIL EXPANSION 


n = coefficient of linear expansion, in inches per degree 


= initial joint resistance to expansion, or contraction 

= a subscript denoting “resisted,” or “prevented” ; 
oi T = resistance at the ends of each tie, in pounds; T, = correct tie 


change 


= temperature of the rail, in degrees Fahrenheit; At 
muahie in temperature from that existing when the rail we 


a —_— = = vertical modulus of foundation, in pounds per linear inch o 


ad 
+ 


By ‘Whee loads may contribute to the stresses in rails i in the e following ways: 7 
1.—Static Stresses.- aa The rail is considered a loaded structure on a continu- 

ous elastic foundation. ~ Under this assumption corroborated by field tests with _ 


extensometers, the ‘stress, 82, in in the extre me fil fibe a ‘distance +2 
- the position of the wheel load. on the ra ail, -.- . 


aie 


l load, in in pounds; B conveniently repre- 
73 I and Z are, sempeationly, the moment of iner 8 a 
and the section ‘modulus of the rail about the horizontal neutral axis; u- is i 


modulus of peo ts E is s the — of el elasticity for steel; and e is the © 
Sided *__These are stresses caused by low spots in 
the rail, flat or out-of-round areas on the wheel, r: rail- -joint gaps, differences 
in the eleva ation of adjoining r rails, and vertical components of the connecting ; 


and counterbalance forces s in the ¢ case of steam locomotives. 
—Shear Stresses.—Formulas "developed by Thomas and Hoersch’ give 
& values for the high loealined shear otresses that form slightly below the con- 

_ tact surface of the rail and wheel. — Once the initial crack starts from this 


t: 
et derivation of formula see ‘Applied Elasticity,” by S. P. Timoshenko and J. M. “a 
ie Ss Stresses in Railroad Track” by S. P. Timoshenko and B. RB Langer, Transactions, 
AL 8. M. E., November 30, 1931; also, “Rail Stresses and Locomotive Tracking Character- 
tics Found in Tests on the Great Northern Railway,” by J. P. Ghaasbenger and B. i 
Langer, Bulletin 339, A. R. EB. A., September, 19°31. 


leo 


iting the quantity, 


*Stresses Due to the Pressure of One Elastic Solid U Upon Another,” by H. R. sieaiiah 
¥. A. Hoersch, Bulletin 212, Eng. Experimeut Station, Univ. of Titinois, Urbana, In. 
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cause, it .1 under the constant reversal of bending stresses of much 


smaller magnitude. ‘Transverse fissures are examples of this type of over- 


Fillet, and Bolt- ‘Hole Stresses—The sudden change of CTO8s-8ee 


tion causes high concentration of stress which may result in minute initial 
cracks. These stresses can be calculated by photo-elastic methods. 


5.—Torsion i Stresses.— —These stresses may caused by eccentric vertical 


loads, the lateral “forces due to swaying, ‘unbalanced centrifugal and 


superelevation forces, and flange pressures. 


—Vibration Stresses. —V. ertical and lateral os oscillations of f the truck and 1 


rai r high str 

n addition to the specific references given in the footnotes, data on rail. 
stresses may be found in | the Progress Reports of the Special Committee 
on Stresses i in Railroad Track published in the Transactions of the Society; 
the Proceedings of the American Railway Engineering Association; and the 


uarterly of the Rails Investigation being undertaken at 
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conte 
mu ted in this paper appear to be correct and should offer an 
excellent basis for continuing the study of this subject, as it is very evident _ 
that the information available heretofore is inadequate for modern > track 


eonstruction. The following factors entering into this subject should be 


taken into consideration in future studies and should be given adequate ~ 
— by e engineers preparing to install rail in long © continuous lengths: bie 


7 (1) Most, if not all, of the rail | laid in long lengths in the United ‘States 

has been installed during ‘the summer months when the expansion of the 
nail was greatest; therefore, the objections or complications from a practical | 
point of view which might arise from this type of construction are vastly — 
different from those that would arise if the same length of track was 


ac) Mr. Africano assumes that: these long lengths of rail are laid i in a g 
perfectly line anid this alignment is so maintained. ‘This 


with an instrument a very” hot day, the lateral 
the alignment, to say nothing of the possible vertical — movement that may 
a The free ends of long lengths of continuous rail will not ‘expand 
any appreciable amount provided the rail is adequately fastened at each tie. 


This fact seems to have been clearly proved on the Delaware and Hudson ~ 
Tt would be well t to eniphasiss the necessity of holding” the rail 


a definitely at each tie by means of a fastener _ that will always maintain 
a pre-c determined gripping strength such as the spring fastenings exert on 
the rails laid on the Delaware and Hudson Railroad. The gripping strength 
‘Tequired: on this type | of construction, maintained at 1500 to 2 500- lb 
3 -‘Pressure_ on the base of the rail by each spring fastener. It would : appear 

that disastrous results might be expected if long lengths ‘of rails” were 
installed without similarly fastening the rails at 
a (5) The welding of long lengths of rails on electric railway systems has 
n in practice for | “many years” and the e question of expansion or con- 
traction when rails are laid in “paved streets is subject which, to- day, 
‘requires only routine attention. However, the fact that the head of rails 

- embedded in street pavement does expand and move laterally can be seen — 
by | observing, on a hot day, the effects of this action along the outside of 
the head of the rail, especially in asphalt pavements. This action is notice- : 
able, even if if the base of the rail is embedded firmly ‘in concrete and, 
-—‘Revetsarily, not “subject” to such 4 variations in temperature as are found 


See Proceedings, Am. Transit Eng. Assoc. Elec. bere Assoc.) for 
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(6) The or contraction of well be better "analyzed 

assuming that fastenings ‘at each tie are sufficient to hold all | pressures 
or stresses that may develop between such fastenings. a In practice, there j is . 
little or no evidence that these pressures or stresses are accumulative, 
= a (7) There is need of more definite information on this st ubject, which 
should be obtained from a series of practical and laboratory tests, as the 


practice of aging; of r rail on railroad is becoming 


Mr. should be for of his. ‘study 
for value of the contained in his paper. 

__E. F. Kenyey,’* Esq. (by letter) —The vital feature in this subject a 

rail expansion is not so much the control of the linear expansion as the 

control of the lateral movement which result unless very substan- 
-_ tial fastenings 2 are applied to the rail. It has been shown that some types 

- fastening are ample to take care of this feature, but it is not so certain 
ul ~ that the fastenings used on the average 1 railroad will do so safely, ‘Thinking | 

a little further, one wonders what would be the outcome when economic 7 


conditions affect the oven if fastenings are used which, when well 


maintained, are capable of holding 


oof Rail Expansion’ Mr. Africano gives a mathematical analysis. of ‘the 
forces “resulting from expansion contraction of steel rails i i n track, st 
with” a discussion of the probable performances of long rails or ‘ne 2g 
ously welded ‘Tails. Tests of long rails have been attracting the attention 
engineers since at least. ‘ The earliest tests, of which the writer: 
found record, consisted of an installation of 3 miles of rail on the 
and Durham ‘Railroad, near Gladys Station, A ay 
tion of the test" shows: the installation to have been ‘made between 
March 19 April 25, 1892. Three miles of 78-Ib rail of the girder type, 
4 with the ends fitted tightly together, were jointed by having the bars riveted | - 
tightly as possible. ‘The track was then “buried in” earth to the 
level of the top rail on the outside and to the level of ‘the under side f F 

The report provoked considerable discussion, and established some 
values the stresses resulting from such jointing of rails, | 
approach those calculated | in later studies. Unfortunately, the promoter 
of the test claimed too much for the plan. ‘He announced that continuous ‘e 
rail, buried in as it was in the test, would eliminate all need for track a a 
maintenance, and his attempt: thus» to. handle the test ‘Tesulted i in the 
“track getting into bad condition. hen the line was acquired by 


‘the Norfolk and Western Railway Company about three or four years 


after the i installation” of f the test, the rails were removed and bolted- joint 
track was substituted for them. 


Metallurgical Engr., Bethlehem Steel Co. (Inc), Rethlehem, Pa. | 
Asst. Engr., A. T. & S. F. Ry., Chicago, Ill. 


Engineering News, 1892, p. 388. a 
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history of the “test seer seems to ended with 

a reply by the Editor,“ to a letter of inquiry regarding the a 

ire reply, a list” of | the articles which had been published concerning the 


contemporary with the tes test on the Lynchburg Durham 
Railroad was was a test of rails made on the Central Railroad, 


was composed One rail, 800 ft long; one ‘rail, 500 ft 
ri two ‘rails, 250 ft long, each; ; and two rails, 100 ft long, each. — Origi- 
nally, it was intended to construct these long rails by electrically welding — 7 
— ft. lengths, but for a preliminary study Mr. Torrey constructed the — 
rails by “holding the individual 30-ft gths together means he 
“te splices while the drilling for the turned bolts was done. _ The rail ends © 
_ were not planes, but warped surfaces; consequently, the joints could not be 


_ The rail was laid in the autumn of 1893 in a main- line freight t track - 
where the traffic was i in in one direction only, and consisted of all the 
So -bound freight | business of the main line of the Michigan Central 

‘Railroad. The speed over this track at that time did not exceed 20 

miles per hr, but brakes were < often set and engines sometimes reversed, 
it was in the vicinity of an interlocker. 


The points to be determined by the tests were (quoting Mr. Torrey) : we 
(1) Whether a long rail would move freely enough on ties to be 
safe under sudden and extreme changes of temperature; 
— (2) What provisions would have to be made “to hold a long rail 
creeping under traffic in one direction only; pallial. ban 
(3) Having been forced to use rails held in abuttal instead of welded, - 
whether the joint would be stiffer with the rail ends in abuttal than , 
“(4) Whether the life of the rail would be appreciably greater er if 
; ee the opening between the heads of the rails was eliminated and the splice 
_ tetieved from the wear occasioned by the movements of the rail due to temper- 


Referring to Item (2), it was reported that under the speed of 
rs traffic as this track accommodated, the rails did not drag the ties, since — 
eas they were securely connected to other ties for a distance of 28 ft at the 
point of fastening. — The answer to Item (3) was found in» the result of 
ie tests made at the University of. Michigan, Ann Arbor, Mich., which began 
with the assumption that the stiffness of the full rail was 1. The stiffness 
of the joint with -abutted rail ends was wis and the | ‘stiffness | of the joint 
a with 2 -in. expansion and without the turned bolts was }, comparatively. 
Ed The tests were made with the rails upright and inverted, and the pro- 


Portionate ‘stiffness was the same for each position. 


From 26, to January 20, 1894, measurements of the = 


= 20 -summer, were made at 7:00 M 
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NEW ‘THEORY OF RAIL EXPANSION a) 


and at 7:00 A. and at noon, on week days. From: Decem- 
ber 26, 1893 » until April 14, 1894, the theoretically proper range of “move- 
‘ ment was based on temperatures obtained from the United States Signal 4 
Office. From April mid-summer, theoretically proper. Tange of 


in a piece vail alongside the long In the colder! months 
a the rail movement was considerably less than would be forecast from the 
changes of temperature during ‘those months, if such forecast ‘should 
_ be made in the light of the sensitiveness of the rail to changes of tem- i 
perature, as shown between May 17 and May 20. Mr. Torrey concluded 
that the rail may or may not assume the air temperatures when the 
ground is frozen and stated finally that tei fr * * defects of construction 
7 entered into it [the rail], which would naturally be discarded in its suc- 
cessor, ‘if it has one, and results: as to smooth and noiseless 


another study of was in a committees 
pane subject, “Miter Cut Ends and Longer Rails, ” ” which was 8 presented 


pore of Ameries i: in the he autumn of 1895, in which some comments of ‘nites 


In recent years in the subject of ‘the of continuous, or 
very long sections of rail welded together, has resulted in actual tests — 
being made on the Delaware and Hudson Railroad, in four different loca- 
tions and under somewhat different conditions. Another installation of 
ails welded together for a full mile has been made on the Bessemer 
Lake Erie Railway. These tests are making history and are 
g the attention which such studies deserve 
Although actual tests of continuous are necessary | to prove con 


“clusively whether or not such installations are 


off of track-bolts in rail- “joints” during periods of severe cold weather. 


1924, the writer had “occasion m4 investigate a case in which, on a 


expansion of rails may be ay the of ‘shearing 


Bee the to ‘pull apart. track 1 was laid with: 90- b rail, “alk 
steel joint bars and oil-quenched bolts. “Inquiry as to maintenance revealed 
the fact that the joints had been bolted up as tightly as possible, using — 

wrenches which, by means of pieces of pipe, had been Pomme 
46 to 48 in. The bolt- tightening had been done during an unusually warm ee 

spell late” in the autumn. few weeks later a sudden drop in in n ten 

_ perature to — 18° F resulted in the shearing of the bolts at joints we 
for some reason the bolts were | less tightly set, thus permitting the rails 


slip. through the joint bars. Notwithstanding the fact that the track 
equipped _single- -shouldered tie- e-plates and only four” cut spikes 
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ON NEW THEORY OF RAIL EXPANSION 
During ng the’ present winter (1936-37) a number o of joints in track lid 
112-Ib, all-steel joints, and high carbon, oil-quenched bults, have 
ee two bolts, allowing the rails to pull apart as far as the contrac- 
take them. In these cases, the track is also equipped with 
| gagleshouldred tie-plates and with four cut spikes per tie. The bolts — 
had been installed by bolting machines when the rail was laid, followed by 
normal maintenance. of the adjacen t joints” showed that no move- 
‘ment had through the bars, ‘in most cases the sheared bolts 
yet these cases the opening 
between the rail was usually about in. and none was “reported to 
ie have opened more than 2. .5 in., even when temperature readings below 
zero were experienced. - These rails were laid using expansion shims based 
; _ ‘Taking the coefficient of expansion at 0.000065. (which is the value 
a generally used for railway rails), the width of opening found in these cases 
‘represents the contraction of only 320 ft of rail, and assuming that it was 
equally — in both directions, it shows that the contraction of rail 


steel, due to zero temperature, is overcome by the resistance to move- 


eas ot only 160 ft of 112-lb ‘rail held by cut spikes in a normal manner. 


ie order to determine the results, of the forces created by the expan- 


sion and contraction of steel due to ‘temperature changes, it is pertinent — 
begin a ‘single rail and then to up a series of rails. ‘Iti is easy to 


“opposite forces . is zero, there will no movement. 

_ dent, therefore, that as long as there is no break in the connecting joints , 

in a track the forces of expansion or of contraction nullify each other ad 
a and there is: no resultant force to produce movement. tI It is also evident _ 
3 that if the rails in a track are rigidly connected, the forces 2 acting nullify 2 

each other, except for the short distance at each end where the resistance aa: 

to movement produced by the weight: the rail and | the grip of the 

spikes is less than the unbalanced force of contraction | or expansion. ae 

_ The widths of opening between — rail ends, resulting from the shearing — 

of bolts prove” that such distances are not great and also that: they are 

shorter for heavy rails than for lighter ones. j= | 


‘These actual results in track go far to confirm the accuracy of the ‘ «ll 


mathematical determination of forces -Tesulting from, and the resistances 
due to, contraction or expansion of long rails, as given 
in Mr. Africano’s ‘paper. results found in track as described herein, ; 
with” the studies made by Mr. Africano, by the Kansas” City Southern 
Railroad Company, by the Rail Committee,” and the Track Committee,” 


"Bulletin No. $91, A. R. BE. A., November, 1936, p. 233. 
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HUNT THEORY | oF EXPANSION 


ale indication of the practicability of the use ‘wae 


Grorce W. Hunt," 19 Esq. (by letter ).—F irst considering the condition 
of a rail perfectly free to expand, Mr. Africano proceeds to the condi. 

| tion in which the ends are restrained by means of ballast resistance to t tie 

- movement, and, finally, to the condition in which the ends are restrained 

partly by the ballast resistance and partly by the joints” connecting the 

welded | section wi with the adjacent track sections. The equations developed 
by Mr. Africano | are 2 applicable. to all lengths of welded track, from a few 

1 rail lengths toa number of ‘miles. Their purpose is to show the relation 

between: (1) Tie resistance; (2) joint resistance ; rail “movement 

under various changes in temperature; (4) to indicate the proper 

ys 4 balance between these factors in order der to avoid | ¥ damaging» "strains and 
As Equation (18) contains all of the aforementioned factors (Q) o 

(4)), and represents the third condition, it may be accepted as the 


= the 1 ‘rail, and in Fie. 4, making this graph 
inelude all factors in the problem. For example, Equations (21) 
(22) which ‘determine the values of T for the case of no joint 
ean be restated as follows to take joint restraint into account: hilt 
in n which (see Equation (22)) equals 0.5K when P = = = 03F; 0.95K 
when P- = 0.5 F; and 0.0625 K when P = 0.25 1 F; and F = 2816 (At). 
“4 In Fig. 5, the v value. of T ca ean be read for va various degrees of tie restraint. 
Wee example, suppose that P = 038F; then, for 130-lb rail, with a tem 
x perature change of 100°, P = 0.38 x 281 600 Ib = 84 400 lb. For a 60° — 
temperature change, P = = 02 3 xX 2816 x 60 = 50688 Ib. For these : 
temperature changes Fig. 5 shows that (Al) maz (the rail end 
ment) has the values shown Table gd 


Values of tie CriticaL (Al) maz, in Incues, ror TEMPERATURE CHANGES or; 
restraint, 


.% ot is the opinion of the writer that the influence of joint restraint 
been estimated in the tes at Mechanieville, ‘and that if 


of Ww. Baltimore & Ohio R. R., Baltimore, Md. 
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"facts were known nown the joints at the free ends" called) were furnishing 
of the resistance, and that the ties "were furnishing _ considerably 
Tess than 2.000 lb. The based on his understanding the 
joint gaps at the “free” ends were as much as in. at the temperature 


drops mentioned in this test. alt 


2030 40 50 60 70 80 10 
"Temperature Change, At, in Degrees Fahrenheit 


restraint in tension is composed of the frictional resistance 
between bars and rail, plus the bending of the bolts. The fric- 
eons resistance in a 6- bolt joint may be taken as @ x 20 000 x 2) 
+ 60.000 Ib. The bending resistance of one 
8 000 b, or 24 000 Ib for three bolts. On this the fins joint 
would amount to 84 000 Ib, or about 80% (of the force, 
‘required to restrain a. 131- Ib rail under a ‘temperature drop of 100 oy oll 
seems reasonable, therefore, to consider the ultimate value of 
tension as equal to 0.3 F. In this connection, it ‘should be remembered 


the rail- drilling, bar- -punching, and bolt diameter for 131-Ib and 


112-Ib rail sections are proportioned so_ as to allow only a f-in. rail gap 

before bringing bolts into bending resistance. _ it follows, therefore, 

‘that when the joint “gaps exceed in., the frictional r resistance of the 

ie tidied the rail has been overcome and the bolts are exerting bend- 

‘resistance. In com mpression, the ends of ‘the rails ‘into. contact 
“bending strain is thrown 1 the ‘bolts, that the joint 


restraint in ‘compression may be taken as 60 000 Ib. The fact that a 


Figg 


_ under compression is one ‘reason why ‘welded track should be laid or closed a] 
at temperatures that favor tensile strains, ‘rather than compressive strains. 
The major reason i is that | the track is less likely to be thrown out of line 


A 
gap has greater latitude to enlarge under tension than to contract 


ati 
by contraction in cold weather than by expansion in hot weather. 
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IUNT ON NEW THEORY OF RAIL ‘EXPANSION 


Mr. Africano conceives joint resistance as that force the 
_ joints in the adjacent unwelded section will begin to yield and cor continue 
yield, sufficiently to accommodate the rail-end movement, 
The sctual: value of the joint resistance, is of little practical Importance, 


serving only to > explain the v variation | in the value of (Al”) max as between 
theory and practice. _ In no case could it exceed the value of F; ; to do 
60 the unwelded track would have to be as stiff as the welded “track, 
condition scarcely attainable. high” value for it ‘would reduce the 
number of ties necessary to restrain ‘the rail - fully, but this would be. 
- to no purpose as long as a special track construction was used throughout 
‘With increasing values” it would reduce the value of max nd to that 
extent reduce the movement at the rail gaps in the adjacent unwelded 
oction. - This objective is desirable as a ‘Precaution against tensile strains 
concer ed in one and pulling the rails” apart. The 
ecoming concentrate in one ‘joint nd p p e 
Bape of using expansion joints will depend upon what weight is placed 


question as to the temperature. at which welded track should 


anual is very important from the viewpoints of both rail stress and rail 
movement. A range of temperature from 20° below zero to 130° above 
zero will ¢g give a mean temperature 0 of 55°; but as as tensile strains are | 
objectionable than compressive strains, welded rail should be closed i 
anchored at | a temperature | between 70°F to 80°F If this is done, the 
temperature change above closing temperature need not exceed 
60° and the rail movement psheaprcsicinns will be limited to that tem- 
perature change. Similarly, temperature change | below closing 
rors temperature will be limited to 100° and the rail ‘movement in tension 
The va alue for tie resistance, as applied to fairly well ballasted 
has Probably been over-estimated in much of the discussion on 


s ubject. _ There is a too high a value on this” 


and. thus increase the tie resistance, restrict the contraction ‘movement, and 


build up the value for F F in a shorter distance. This reasoning ‘appears 
fallacious when it is considered that rail responds very quickly to 
a temperature change; freezing is a slower Process and could scarcely occur 
in time to offer any "resistance ‘rail “movement. In fact, in the 
absence o of ‘moisture, "ballast may not ‘freeze at all; it 
have no higher resistance in cold weather than weather, if the 
ballast did finally freeze, subsequent to the ‘rail _movement, and thaw 


should set in, the _ temperature would have to rise to closing 


perature | before any reversal of tie ‘restraint could occur, and considerably ¥ 


above this temperature before the reversal of tie restraint reached any 4 
great, this time ‘the thaw, all probability, would have 
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HUNT ON NEW THEORY OF RAIL EXPANSION 


the weight of the rail, ties, rier ballast, above dis’ bottom of the 
ties for a distance of 22 in., and multiplying it by the coefficient of sliding | 


taken | as unity. For loose ballast, T = 0.5 (192 + 175 755) 

a = 561 Ib; ; and, for packed ballast, ' with the usual degree of cementation, 7 

. oh would seem that 1000 lb per tie per rail, is all that could be depended 

on. on. Table 4 is manner in which (Al) imax, the rail 
‘movement, varies with variation in temperature change, when T 
at ; = 1000 Ib and P = 03 F. Items Nos. (3) and (4), Table 4, represent — 
ed the conditions that are anid to have existed Mechanicville, 
ns as temperature change and rail end movement are concerned. The divi-— 
he sion restraint as between ties and are the results of the writer's 
difference of opinion. pat 
7 Te _ | tempera-— Restraining restraint | ties,N, | Critical end 
No. restraint, ture, At, (P = 0.3 F),| required length, 
in degrees in | to develop in feet 

Fahrenheit | | force, F ay in inches 
 4f 

4 
d 


“any rently enlarged rail gap, as in all value of P is 
sufficient to distribute this ‘movement. through from two to four joints. 
Insulated joints, however, would ‘present a problem, particularly i in Item 
(No. (2). Required to withstand a tensile force of 281600 lb they would 
be able to withstand only 84480 ) Tb, and a rail gap gap | of 2 in. would result 
the joint failed. The only reooures, as a matter of 
be to several ordinary rails on either side of the insulated joint 
that» this movement could be distributed through joints, or to 
some extraordinary means of increasing the joint resistance. 


side as well as at the heel joints” of all frogs. "Here No. 

4 Table 4, would obtain, due to the break in the continuity of the main-— 
track rail by the switch- -point, and the in. rail end m novement would 


have to be provided for either by a ‘single expansion joint, or by the more 
expedient of about four or ‘Fails ‘with ordinary Joints, 


is m a 

“involving main- ‘track turnouts should be avoided, and the welding should — 
be terminated at the entering and leaving turnouts to yards. 3 eS 


— 
— 
ue for any given Dallas don ‘ 
ue y given section, throughout the year. 
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- a would be 8 in. This is one reason why it is advisable to bind the rail — 


otherwise abnormal ‘rail stress or rail end movement may result 


HUN NT ON ‘THEORY OF RAIL EXPANSION 
No. (1), Table 4, shows that max amounts to 2 in. the 
- joint resistant is zero. It follows, therefore, that if 1 a rail broke at a tem- 
- perature drop of 100°, there would be a rail gap of 4 in. a If no special 
track construction. was used to utilize the tie resistance, the ‘gap 


te the ties throughout, rather than ogo for a distance, ”, 


develop: the force, F. | 


| 


‘rail were removed, it _ should be replaced by identical length, 4 
a, the temperature changes radically in the other direction. The repair of a = 
rail ata radical temperature change without restoring the 
_ gap, has the effect of ereating a free- end condition at the break at that 
temperature as rail strain, » without providing any means for 
movement when» temperature alters Tadically. ban What would 
happen under r radical change in temperature in the opposite direction 
is best Mustrated studying some specific case, such that of 
welded track laid at 80° F. rail "breaks at zero temperature, leaving 
a gap at the break of 23 ‘in., and is repaired by cutting | out a listen 
to accommodate a oa. 39-ft ‘rail and then re-welding. 
. temperature > subsequently rises to 180° F. How will the rail stress and rail | 


; 
end movements at 130° compare with these same factors if the rail had gone 


and not What happens can be 


Before Break 


4 1'=148 Ft; N=81 Ties, Wig, 


290 Ft; N'=158 Ties. After Break 
ab illustrated by reference to to Fig. 6, which aii thet, had the rail not 


= 


broken, the rise in temperature to 130° would have resulted | in a unit com- 

_ Bressive stress of only (140 800) + 12. $6 = 11 000 Ib and the rail end 

length would result in a concentrated compressive stress at break 
366 080 + - 12. 86 = 28500 when the temperature rises to 130° 


_ The breaking of the rail at 0° F and its repair by adding 41 n. to 
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HUNT ON NEW THEORY OF RAIL EXPANSION 
A for the ties and joint ‘restraint to develop 866 080 Ib. 
a In Fig. 6 this distance is 148 + 414 = 562 ft. Fig. | | Shows the condi- 
H tions that would exist had the rail broken 300 ft from the end of the — 
welded section. The theoretical gap at the break would be 1% in. at _ 
= temperature w which it may pm assumed, was not restored when repaired. 


F-P=163 630 L 


b 
P=60000Lb “= 


67580 Lb 


When of 130° is reached, a a peak of maximum for 
will arise at Point 0, Fig. ¥ , determined by the value of the joint 
resistance plus» the tie resistance ‘developed in 300 in. This value will 
i be 60000 + (300 xX 12 x 1000) + 22 = 293 630 lb, or equivalent to a 
rt maximum unit stress of 18400 lb per sq in. The rail movement at 130° 
will be equal to1g + AU’. From Equation (18) the val ue for Al” is 3 in, 
and the total rail end movement will be 28 ing ss 4 
the break occur at or very End A, where the only 
is ‘the joint restraint, the ‘rails would separate very ry little 
broke. Even if they separated considerably, the neglect of correction 
would have no effect on the stress in welded section. ‘The sole le effect 
of this neglect would be to limit the room for expansion at higher tom 
in the joints of the adjacent unwelded track. 
This discussion shows the repair of broken rails without 
the original strained condition, may result in one of two conditions 
Either the stress may be radically increased locally, adding to the hazard $ 
buckling track, or the end movement may be increased radically, creat- 
ing a necessity for expansion joints. Repairs in cold weather would 
excessive compressive strains hot weather, repairs in hot 
weather would be likely to create ‘excessive tensile strains in cold. weather. 
i Tt follows, therefore, | that welded rail should be repaired wherever possible _ 
or close” to the temperature it was, laid, and that any work of this 
kind will require the most rigid rules ‘and careful supervision. lad 


‘the necessity for ining and ‘surfacing track, 
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WALKER ¢ ON NEW THEORY OF RAIL E} 


to be done face work,” ‘such 
track, cleaning cribs, and re-ballasting, should not be andertalen 
. ret ton bordering on that at which the rail was laid, say, between 

° F and 95° F. (“Out of face” is a term used by track forces; j 
a long piece of track as distinguished from the one or ; 
— two rail lengths. “ “Out-of- face surfacing,” m eans the raising and tamp- 
ing of all joints continuously; “snot surfacing” means just raising 


joint here and there) — P 


With: due consideration to o the oned, the writer can see 


ticed with perfect safety, with economy, greatly improved 
riding conditions. 


Fraxk B. Wanker,” M. Am. Soc. C. E (by 1 letter) —T he mathemati q 
formulas” ‘developed by. the author are of interest to maintenance way 
engineers, the ‘conclusions: derived are apparently confirmed, at least 
in part, by the experience of the Eastern Massachusetts Str Street Railway 
Company maintaining 210 miles of unpaved, welded track, one 
time, there were 150 000 welded joints on that railway. 


an The major part: of the welding on this track was done from 1919 to 
1028, but the change from trolley cars to buses during scum years has q 
were 48- Ib, 60- Ib, and 75-lb tee-rail (Am. Soe. C. E. standard). The 
standard track consisted of -in. by 8-i -in. by 8-ft wooden ties, | 
2 ft on centers; ; 54-in. by -fy-in. track spikes; and 6 in. to 12 in. of gravel 
ballast. There were no tie-plates. The rail welded in 1919, 1920, and 1921, 


caused the abandonment and removal of most of it. The sections 


few expansion joints although some of the sections were more ‘than 
in 1 length, as indicated in the following list: be 


Brockton and Easton; ....... 15 600 


_ No serious 3 difficulties dt due to expansion or contraction were encounter > 
A booger sections of welded track, Occasionally, during 
WwW 
bre d 


cause, as they occurred only in old rail. New rail did ‘not break under these 


conditions. It _may ‘be assumed that the ‘difference in temperature 


N Stree 
Eastern Massachusetts eet Ry., Boston, Mass. 
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WALKER ON “THEORY OF RAIL EXPANSION 


e time of welding to the time of failure was from 70° F to 100° F. 
nly one or two ¢ of the so- ) so-called. “eu sun kinks” occurred during hot" weather 


ree 


& 


Fic. 8.—View oF a “Sun- Kink” ON A TRACK. 
_ When the rail broke, or when a ‘sun kink ‘appeared, expansion. joints 
were installed (not necessarily at the break), about 20 rail lengths or 
600 ft apart tangents at the ends of long curves. After the 
installation of expansion joints no sun kinks occurred, but rail breaks — 
on old rail did occur occasionally. Sometimes these breaks were at long : 
distances from the expansion joints, and at other times only a few 
feet, or a rail length, away. Where expansion joints were 660 ft apart, 
it was thought at first that the expansion would be 6 in; but it was — 
soon learned that the actual expansion did not exceed one-half the antici- 

: pated expansion. This phenomenon is mentioned by the author in con- 3) 
‘nection with the experience on the Victorian Railways in Australia. gat 
“ods ‘Hundreds of expansion joints” were examined during» hot and cold 
; "weather over a period extending from 1922 to 1934, and their movement, a 
- due to temperature changes only, did not exceed the 2 to 3 in. ‘When a rail 
broke, it gave very loud report and the ends separated by ‘a distance 
oi ‘ever in excess of 2 in. Table 5 contains information concerning thirteen 
- broken rails, the distance of the break from the nearest expansion joint, 


ind the gap at the break. stan? Dar ota! 
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rail in 1 Fig. wes a 60- rail (Am. ©. E. standard), 
on chestnut ties, 2 ft apart, without tie- plates, with: 5h -in. by fo-in. track 
Br and about 12 in. of ballast. ‘There was a stone 


4 


o 


~ TABLE 5 _—Recorp or Ram Faure Track* 


Dave, Date of of break 


from 
break; “nearest 


each case the the temperature was repo’ 
was oiled. a 


graph (Fig. 8) was taken a few minutes after les sun kink appeared. The 


rail was welded in the summer of 1920. was” in service through 
the remainder of that summer, an unusually cold winter, and a late, cold | 
Dr 
time in early June, 1921, after, a cold night, the | 
4 suddenly increased to about 10 100° F, and ‘this: abrupt change produced a 


gan kink, in one track “only. kinking of the ‘rails moved 
ties laterally. There was no noticeable bending or displacement of the 
track spikes. . It is believed by the Company Engineers that this sun 

_ kink would have occurred even if a more substantial type e of rail- fastening, % 

such as larger or more track ‘spikes, screw spikes, or even shoulder tie 
plates, been used. far had previously y the ail 


a the time _the sun _ kink “but expansion “joints were “installed 
immediately and no further trouble ‘occurred. The track was discontinued 
aa Another kind of difficulty occurre on i a hot su mmer day when an man’s a 


a leg was almost cut off when he pulled out too many spikes in renewing ties. ia 
e The rail popped out of the remaining spikes » catching his leg against the - 
It is obvious from the author's discussion and from the 
testimony of ti those experienced with maintaining welded track, that 
ballast must be of sufficient width, depth, and character to withstand — a 


the thrusts upon it during weather ; and no the 


— — 
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‘TALBOT ON NEW THEORY OF RAIL EXPANSION: 


_— spikes, is desirable. The rail will withstand, safely, the additional — 
tension induced by a decrease in temperature. It is suggested that no 
welding be done when the temperature is extremely hot or cold. 


N. anp Hoy. M. Am. Soc. C. E. (by 
letter). —To many engineers, this: paper has brought the news that long 
stretches of continuous welded rail have been used on railroads without 
troublesome expansion and contraction difficulties. ree To those fi familiar with 
modern developments in track construction and the nature of the forces 
applied t to the track it was not unexpected that, on a long stretch of * 
continuous welded rail connected firmly to a | suitable substructure of ties 
(nd ballast, the cumulative . anchorage of the ties in the ballast at the | two 
es will reach a total force sufficient to hold an intermediate section sta- — 
tionary: and fixed through th the usual ‘Tange of atmospheric temperature with- 
ont changes in length, except ‘for local effects. yy In the substructure used in 


of ‘welll and | ties are bedded in The anchorage 
= be such as to provide adequately for the ‘great 1 force ‘required to hold 


“the intermediate section in fixed position during» temperature changes 


“equal to those obtained in both summer and wintes exposure and also” 


to provide adequate transverse support against lateral buckling tem the 


from the ‘ordinary run a ue common track, in which the rail can be lifted from - 


the ‘tie short "distance and i is held by anchors along its length only 
=z and not fixedly, with respect to the ties; that is, the rail 1 must be 
to the tie 80 that there will longitudinal nc nor trans- 
movement between them, and the relation between tie and ballast 
It is obvious that an analysis. of the action of welded rail under such Ps 
“conditions must be based on known or assumed premises and, as in all 
Sallie 


-Teasoning, the ‘validity of analysis will be contingent on the 
“of the premises. ‘start must be made to learn what underlying bases 


In beginning analysis in this matter, one naturally 


4 inquiry as to the possible ways i _ which the end portions the track 
may act. _ Many questions arise. In developing the anchorage that will 
fix the unmoving intermediate part of the length of the welded stretch, 
does: the anchorage act elastically? Does the anchoring force ‘push the 
ties and ballast longitudinally | along the ‘track with: the changes in tem- 

even ‘in small the of “the 


under temperature | is 


Coll. of Eng., Univ. of Mlinois ; and Chairman, Committee on 
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a ing and falling temperatures 4 


«greatest, give a ste resistance (greater rats of anchorage) than the ties 
at points farther from the end but within the moving length; or does 
the anchorage resistance have the same value (rate) all along this end 


portion; or does some other law govern tor 


Whether or r not the tie-and-ballast rate of anchorage is uniform along 


: the length of the anchorage stretch, does the magnitude of the length of the “a | has 

anchoring: portion vary with the magnitude of the change in temperature ; Th 

of the rail, or is it constant throughout any range of temperature? he act 

the 

_ other words if the rise in temperature from the laying and fastening tem- mo 

is at. first 40° and then 40° more, does the 80° increase in ‘a 

_ temperature ‘result in twice as long an anchorage length as the 40° increase} rw 

_ Then, there are questions as to the source of the anchorage. Granting «ey 

that the rail does not slip | over the tie (considered as essential in this form a 

construction) is the anchorage due to friction of the ties on the ballast 

4 by reason of pressure of the tie on, and in, the ballast so that the anchorage — a: 

rate will have a constant value | throughout any given anchoring stretch; or | 

the anchorage utilize some compressive resistance in the ballast, ‘ties, th 

and fittings? If the latter, does the movement of the tie within the ballast , 

bed vary with the longitudinal anc anchorage force” developed How can str 

the rail at the end of the stretch move without a movement of the ballast! of 

For sensible movements of the rail end, will the tie move sufficiently to leave 
a crack behind it which would be closed on reversing the temperature 4 


change? Furthermore, if the “ultimate resistance is reached, what will be 
the nature of the failure (all materials have "their ‘ultimate resistance)! 
Will it shear along a plane under the ties, or what? a 

These queries and others, although important, must mostly await further i 
experience investigation. Without _ definite and explicit informa- 
a tion ‘concerning ¢ some of them it is na natural that in starting an analysis ‘the , 
easiest and simplest assumptions would ‘be chosen first. The simplest 


most probable assumptions to use would seem to be that ‘for a given track: 


(1) The anchorage rate is uniform in. ‘magnitude. over the length of 

the | end portion that acts as ‘anchorage restraint; and (2) the value of the ts 

- ‘Tate of anchorage force is constant regardless of the magnitude of the oe: ae 

in temperature from the laying ‘temperature of the welded | 4 


These two assumptions are made by Mr. Africano, at least impli. 
: They were chosen tentatively by the | writer when, in 1935, he began con- 


sidering the ‘phenomena’ of Jong stretches of welded track ‘Preliminary to 


on Streses i in Railroad Track, which is a co- operative investigation of the 
Society and the American Railway Engineering £ Association. — The assump- 


tions formulated at the time with other statements of the 


conditions in part were as follows: 


ag study the general action of the track in a preliminary manner, _ 
use may be made of assumed anchorage conditions. The simplest one and 

_ the one most likely to come to mind is the assumption that each tie toward the 
ends contributes the same increment of force and these many increments 
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= intermediate portion of the ‘rail. fully so that it will not contract or 
= under the given change in temperature. A second simple ieey of 
tio may be made, which at first thought may be considered a corollary of 
the first one “although | it is not, that the magnitude of the restraining 
z force developed at a tie along the two anchoring stretches of the long rail — 
has a constant value regardless of the magnitude of the temperature change. _ 
- The validity of these two assumptions can be tested from observations on the ‘ 
i. action of the track. At any rate they will be useful in discussing 
the possible magnitude and distribution of the anchorage forces and the 


of the end portions under temperature change.” _ ad? 


In study, the calculus method was first used similar to the ‘method 
y given in the paper, but the premises assumed were so simple that it seemed 
sufficient and preferable to use the analogy of constant increments of force 
and of constant acceleration, following the laws of mechanics, and at 
once write the equations for length of anchorage and for rail movement 
- without the more formal ‘phraseology of the calculus. The force transmitted — 
“through the joint at the end of the stretch was included readily in ‘the 
general consideration. ‘It should be stated that this discussion refers. fi 
stretches with a length more than sufficient to” give full anchorage. Some 
of the further statements ‘formulated at that time (om mitting the ‘derivations “ 
and using the notation of the paper under discussion) | — 


¥ 


being independent of the length of the fully. and 
the unit stress there being s = Atn E. (See Equation (2).) 

(2) Calling W” the length of the end part of the rail (that giving 
a the anchorage to the intermediate and fully restrained portion), under the 
_ assumption of a uniformly increasing stress in the rail from zero at the end — 
a of the rail to the full stress, s, at the other end of the anchorage and, like- 
he wise, to the full anchorage force, Atn EA, the movement of the end of the 
rail will be one-half the full | "temperature expansion or contraction for 
ap the length, 1”; that is, 0.5 Atnl”. Likewise, the distribution of the anchor 
force along will be per unit of length, Ne 


a The anchorage force required to restrain the intermediate — 


Likewise, the length of the anchorage under thee assumption made, is: aoe 
— n EA 


Even | with the assumptions used further information will be needed. 
_ “(8) From Assumptions (1) and (2) and Equations (26) , (27), and 3), 
‘certain deductions may be made: (a) Assumption (2) implies that for any 
given change in temperature the full available anchorage force per unit of — 
length (and likewise the anchorage force per tie) will be developed and 
applied on the anchorage portion, whether the temperature change is small 


OF large; and by this same maximum available 


(28 
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force per tie is portion; 0) the length 
of the anchorage portion with given available anchorage. unit. per G. 
ae or per tie will vary directly as the temperature change—twice a Pi 

- great a temperature ‘change will require or use twice as long an anchorage Ri: 
length; and (c) the movement of the rail end for the same conditions wil] — Al 
vary as the square of the temperature change—twice as great a tempers: § 81 
ture change will result in. four r times as ‘great a movement at the rail end” om 
Naturally, the ‘observational teste ‘on welded track of the Stresses wi 
Track Investigation were planned ti to cover the validity of the two assump. 
tions. As the results of the tests are giving needed ¢ sumulative information _s 
to the action of welded track, it seems germane to the discussion of this. fo 
paper | to present ‘some of the results. which bear o1 on. the assumptions made in. ow 
analyses, with a very brief statement of the methods" in 


Reference “points and readings to determine. and lateral 
quads of the rail along the track had been included in the “program 
undertaken by the engineers of the railroad companies; it was “thought 

3 not necessary to duplicate ‘these observations. . The method of test chosen 
based on strain- “gage measurements ts longitudinally along the web of 


rail (8-i in. or 10-i1 in. ‘gage lengths) | on gage lines: distributed throughout 


—— Tength of the stretches, with simultaneous "measurement of the rail tem- 
4 peratures along the stretch and frequent comparison of the strain- “gage with 
i - reference bars or comparators. ‘The -strain-gage measurements were 
=, at several rail temperatures in summer and winter. a The rail temperature 
was found, accurately and quickly, by an open- -ended_thermo- couple 
portable potentiometer. An invar reference bar of known ‘expansion 
efficient » a short piece of rail similar to. that in the track, and, later, a 
t J compensating comparator giving almost no variation in length with changes 

in temperature were cused in the tests; ; temperature temperature 


~ 


ss Equivatent Stress, in Thousands of Lb per Sq In. 


rection for both rail and instrumental equipment, of course, were of extreme 

q importance in securing accuracy of data. ie lin) 
As an ‘example of the distribution of the gage lines, their spacing 


on the mile stretch of the Bessemer and Lake Erie Railroad may be cited ; 
4 Beginning at gage lines were placed 
 q both rails, at distances from ends, of 3, 10, 30, and 584 ft; then at intervals 
_ of one rail length to the tenth rail; then at pens of two lengths to 
the twenty-fourth rail length; and finally at distances of four rail lengths — 


to about the mid-point of the welded stretch. Additional gage lines were 


al i 


_ placed at points o of special interest by reason of curves and other local 


was not convenient at the time of the rail 
laying; besides, later adjustments by track men and other changes, would 
have rendered data taken then of doubtful value for the purposes of the y 
investigation. . Observations were made in September, 1935, on one 
stretch of track of the Delaware and Hudson Railroad ‘Corporation at 
_ Albany, N. » = and on two stretches at Schenectady, N. Y.; the length of 
these welded stretches varied from 0.5 mile to 1.3 miles. Farther tests on these a 


stretches were made in Angust, 1936, and January, 
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NEW THEORY OF RAIL EXPANSION 


Observational tests have likewise been on the mile stretch of welded 
GEO. track of the Bessemer and Lake Erie Railroad Company near 
Pittsburgh, in July, 1936, and February, 1937. The rail on the 

stretch was 130-lb and on the others, 131-lb. The alignment of these 5 
stretches contained various curves from 1° 30 to 7 degrees. In the 


mer tests, rail temperatures were made as high as 120° F and, in the y 


winter tests, observations were made at rail temperatures as low as 13' 
‘Tests were also made at - medium temperatures. Observations in the early a 

ie cloudy days, were useful to form a basis of comparison ~~ 
for” the changes in length in the rail. | il. Generally, check sets of readings rn 


made along the stretches. as. dain tainty ads 


A few of the results of the tests on the Bessemer and Lake Erie Rail- 


road will give an idea of the nature of the information obtained in all : aI 
the tests. In Fig. 9 are plotted the changes in length observed along the _ 


South End 
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Equivalent Stres: 


9 IN Lenora in TERMS OF Stress F, AND 


mile stretch in two “representative in summer and two in winter. 
The Position along the: stretch is shown in terms of rail lengths of 39 a 
each. _ Naturally, the temperatu res of the rail at any time varied somewhat 
as the conditions of shade and exposure varied, and these variations affected — 


stresses and the movements. The rail temperatures along the track 


or the series shown were 108° to , 118°, 59° to 60°, 26° to 33°, and 13° eto 
9°, F. As the changes in length from one temperature to ain 
quite minute, for ease in picturing values the unit strains (inches per inch) | 
been translated | into stress per square inch in steel for 
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TALBOT ON NEW THEORY OF RAIL 
an external, force had produced the given change in length trs 
q = 
without any change in temperature. The observations before sunrise on i - 
_ day in July with a rail temperature of 53° F, were taken as the basis o i tu 


It will be noted that throughout the intermediate ‘part of the welded 
stretch (about 0.9 mile) very little change oceurred—only small local 
. changes—the rail having been held closely to one length through all these 
variations in temperature. the differences are generally so small, not 


1 

all the points for the heme series plotted on the diagram. For ‘the 
a end portions of both rails, and for both the summer and the winter tests, — 
the rails changed length through an average distance of about seven nil tel 
a lengths. This change in . length increases rather regularly from the points om 
9 at the end of the intermediate portion (which may be thought of as the — 
% point nt of fixation) to the end of the welded stretch, showing a lengthening a 


in summer and a shortening i in winter, with : ‘some . rounding | off in the line 
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10.— TEMPERATURE STRESSES In (Bass, 53° F, aND WELDED LENGTH, 1.0 Mita). 1 
4 


the end portion as it The data 
- indicate that the magnitude of the winter and summer temperatures has : 
not particularly affected the length of track over which expansion and ~ 
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traction oceurs in end portion, and that the long intermediate portion 

‘remains practically fixed in position with the various changes in tempera- — 
ture at the time the observations were made. It is evident that under 
these conditions there is no pull or drag on the ties of this intermediate — 
portion, except as may be caused b by ' differences i in exposure and other local 
In Fig 10 are recorded the stresses developed in the rail throughout the 
% length of the stretch based on the rail temperatures and strain-gage readings 
t at the time of observation as compared with readings at a base temperature 
of 58°F, which were taken before sunrise in the summer of 1936 with — 

temperature conditions uniform over the entire stretch. For the sum- 
a mer ‘observations, at an average temperature of 113° F, the - relative compres- 
sive stresses over the intermediate 0.9 mile are about 12000 lb per sq in. | 
a4 and for the winter observation at a temperature of about 16 ° F, the relative 
+ tensile stresses average somewhat less than 8000 Ib per sq in., both values 
- _ being based upon the aforementioned readings at 53 3° F; this means that 
the zero reference line represents the stress at 53° F. i If the reference line 
were placed at 63° F, the temperature at which the rails were originally . 
~ fastened in the track (the difference of 10° in temperature representing 
approximately 2000 Ib per sq i in.), the corresponding compressive stress" 
on the summer test would be approximately 10000 Ib per sq in. and, for 
on winter test, a tensile stress of approximately 10000 lb per sq in. For 

summer temperatures: higher than those observed and for lower Winter 
_ temperatures, in accordance with other data obtained, the stress may be 


— to increase in proportion to the Increase in change in temperature — 


from the 63° base. For the winter tests, the end Portions show a tapering 
ue of stress over the distance of, say, seven rail lengths to nothing at the 
end. For the summer tests, there was a similar tapering off in seven a 

lengths" to a stress of | 2.000 to 6000 Ib per sq in. at the end. This end 
compressive stress doubtless transmitted through the joint connecting 

welded stretch to the regular track beyond. ‘Incidentally, it may be 
remarked that joints have been found ‘to transmit tensile and compressive | a 

4 forces to the adjacent rail equivalent to as much as 4000 and 6000 Ib per 


The data given in Figs 9 and 10, corroborated by data of the track tests a 
t Albany and Schenectady, indicate that within the range of temperature — = 


observed the magnitudes of the change in | temperature for different series 


ig: 


having: different temperature changes ‘not. particularly | affect: the 


of track over which expansion and contraction takes place at each of the — 
nd portions. “It is apparent, too, that the central part of the stretch has 
remained practically fixed in position through the summer- --to-winter interval. 7 
The change in length and in stress over the end portions of about seven rail a 
ary is fairly -Tegular with some rounding off near the point of fixity, 
of course, there are changes in position from time to time at 


- the ee ends of the welded rail and the movement here is not — 
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= constant for temperatures pre or below the aforementionad range 
as is indicated to. be the case by the data of the various tests, the cor- 
responding anchorage force would be proportionally greater than 600 Ib, tei? 
urs It may be added that no indication was observable of any visible move- 
ment between the ballast and ties one way or the other at the times of 
_ the tests or of any particular change in length of the anchorage developed. 
% It was found, however, that breakage in imperfect welds and readjustment 
of track in cool weather have, in places, changed the ¢ conditions of stress 
. 4 and anchorage considerably. It is not known, of course, what the ultimate 
» shearing strength of the ballast bed may be. The track seems to have kept 
close” to an elastic condition of strength. tow 
a As the data of the tests on this stretch of welded rail, and also on the 
other stretches tested, show ow that the rate of _ anchorage is fairly uniform m 
over the end ; portions, Assumption (1) i in the , analyses: is borne out by 
: the tests. The tests, however, indicate that the length of the average anchor- 
— age portion remains about the same for different values of the change in 
temperature. This conclusion is not in accord with Assumption (9) of 
_ this discussion referred to previously as having been made by the writer i in ‘ 
his earlier study of ' the problem, nor with an implied assumption of the 
- paper that in a given track the anchorage force is a constant regardlen 
the value of the difference in temperature. In other words, the tests 
‘ indicate that T is not the same for different values of At, but varies , nearly : 
As a con consequence, it follows that Equations (8) a and (9) and _ 
“he the latter part of the paper are true only when the value of T used cor- . 
4 responds to the given At. It also follows that Item (2) in the second part- 
graph. following Theorem 1 (that the expansion varies as the square of the 
: temperature difference for a given track) is not warranted. The tests on 
§ the tracks of the Delaware and Hudson Railroad and on those of the 
4 Bessemer and Lake Erie Railroad indicate that the expansion at the end 
a of the welded stretch varies as the first power of the change in temperature ; 
7 rather than as the square, and also that the length required to develop the j 
: force, F, is largely independent of the magnitude of the change | in tempert- if 
7 “ture, re referring, of ‘course, to more than slight changes in temperature. Care k 
oe be taken in the use Of, the formulas given in the remainder of the 
y be led to think that T is implicitly used as 
‘constant for s given track. Caution in this reapect is suggested in ‘the us use 
Equations (18), (20), and (21). It may be implied from the wording 
in Example 4 that the value | of T is the same » for. a temperature “change | of 
100° Fas for one of 58 eB This assumption is not in accord with the results 


- obtained in the Stresses in Track Investigation. . These several inaccuracies @ 


in the analysis and its applications affect the usefulness of the “theory” i m 7 


way that seems to warrant calling the attention | the 


a a a to am average anchorage or restraint of about 600 lb per tie per rail in each * 
direction for the temperatures of 113° F and 16° F as counted above andj i in 
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ese ‘ania are note 4 in tie light of what has been — so far 


in the observational tests of four stretches of long welded track, all of which 


are in ‘a sense experimental. Tt is planned to continue the s easonal tests 


to learn the changes that occur ‘at later dates when time and traffic may 
have had their effects. As stated by Mr. Africano further fundamental 


knowledge of the physical action of welded rail in track is s needed. It 


Ber time to secure this information. Much more must be learned het 


welds before welded track, with its higher | investment in welds and sub- — 
"structure, will quantile accepted as a standard for high- -grade_ track. 
‘That interest has been aroused in this type of construction is shown by ~ 
the starting of an investigation on continuous welded rail at the Engineer- 

Experiment Station, University of Illinois, through a co-operative agree-- 

ment with the American Railway Engineering Association and the Associa- _ 
of Railroads. The investigators will study strength, 
"ductility, and “durability of continuous welded rails made. different 
processes. They will doubtless find the quality and uniformity of the metal 

at the welds and at each side of them as well as the uniformity of surface — j 
line and the wear of the joint under ‘repeated loads for 
sample joints and joints cut from track. ine 


It may not be out of place to. ‘suggest that Mr. recognition 

the desirability of giving the track anchorage throughout the entire length im 
To make a The coefficient of linear expansion of 

-yaries over quite a range; the International ‘Critical Tables give values in 

the range of rail steel from 0.0000055 to 0.0000072.__ For 131-lb rail tested a 
at the University of Ilinois, ‘Urbana, Ti, coefficient was: found to be 


0.000063. This differs appreciably from the value, 0.0000073, given in the 


Be The author is to be commended for putting forth an analysis in a new | 


« 


field, even ‘without having adequate experimental evidence of thee action -~ 
continuous rail in railroad track, 


Raypon Ferauson,2? Assoc. M. Am. Soc. C. letter) —As a mem- 
ber of the test party of the Special Committee on Stresses in Railroad 
Track of the Society and the American 1 Railway ‘Engineering Association, : 
the writer has been engaged on ‘on tests on several ‘sections of long welded — 
track. A short discussion on some of these tests has been published else- 

Further discussion and description of various installations 

also available in the reports of the Committee o on Rail of the American 


Although the tests ‘not complete at the present time certain com- 
“ments of a tentative nature may be made as to the results. Bi is doubt- 


* 


Asst. Engr., Assoc. of Am. Railroads, Univ. of Illinois, Urbana, Ill. Ps 
Proceedings, A. R. E. A., Vol. 27, 1936, p. 954. 


Fie ™ Loe. cit., p. 465; and, also, Bulletin $93, A. R. E. A., oe 
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FERGUSON ON NEW THEORY OF RAIL EXPANSION a 


author. “A. frictional would imply that ‘the value of the 


“resistance, T, is a constant for any given track for all temperature 


> changes if end movement occurs, as it apparently “does, and that the 4 
length of track ‘giving | anchorage would depend on the temperature change, ; 
Instead, the tests on the track of Delaware a1 and Hudson ‘Railroad 
Company and the Bessemer and Lake Erie Railroad Company indicate that a 

the degree of tie anchorage o on ‘a given track varies with the magnitude 


ee, of the temperature change, and that the length of track giving anchorage 


‘remains constant for all changes of temperature both winter and summer, 


‘The tie resistance has also: been found to vary ‘somewhat near the ends 
for a given temperature; or, in other words, the force or stress diagram 4 
is not necessarily a straight line, as the author indicates in Equation (3). 

tracks tested have been found to be quite” completely anchored 
except for end portions where the periodic expansion or ‘contraction 4 


to temperature occurs over a distance of about five to twenty 30-ft 


- oe It should be stated for the benefit of readers who are not int imately 
familiar with the existing installations of continuously welded rail, that a 
far as known all installations of welded track for standard ‘railroad 


view have special fittings designed to anchor the rail firmly to each tie 


eo _A clip and bolt fastens the rail to the tie- plate on both sides of the rail 


and the tie-plate is fastened to the tie with screw spikes. This grea 


increases the available longitudinal restraint as compared with the usual 


7 practice of of applying three to six rail anchors per rail. ‘Ordinarily, the rail 


anchors are ‘effective in one direction only. te Of course, the fastenings n must 
be provided over the entire stretch whether or not they are doing any 


work. rail breakage, in in a or elsewhere, 


at once “requires the 


track adjacent to the break to be capable of of withstanding forces 
same “magnitude as those oc occurring at the ‘normal end portions. iT 
as The tests _have indicated the development of tie resistances of about 


- 600 Ib per tie per rail in each direction, with a rail temperatu ire 


ure range 
of 50° above or below the laying temperature. The limiting value of the 
tie restraint is not ‘known from the tests. slippage 
observed has been through the clips, ‘this occurred in a few cases 


when a rail broke or the end joints were loosened for adjustment. ot 

ballast in all cases” was snugly bedded against ties with no evidence 

of the tie working back and forth ‘along the track, 

range of temperature ‘the rail may be as much as 150° 
period of @ year. In the absence of sunlight or protective covering, such 
as snow, the rail follows the air temperature: closely. One 


bright 


rail, ‘the rail temperature ‘been found 10° to warmer then 
air temperature, thus the effect ot air temperatures. 
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to of “il expansion, ‘that have quite generally 
been neglected in the past by engineers in the United States, this paper 
serves a useful purpose. Not only does the new theory that Mr. ‘Africano 
” jee apply to long welded rail installations on the rigid type of track, aa 
but it shows equally well that expansion requirements for rails of ordinary 
length, ‘secured only with cut- spike rail” fastenings, are appreciably les 
“f ‘than the theoretical requirements based upon the assumption that the a 
For example, in a 131-lb rail having a of 12. 86 sq sq 
ae a foree of 12.86 x 0.0000065 x 30000 000 = : 2500 lb, is required to restrain 
the rail fully through a temperature change of ae ag Assuming that six- -hole 
joint bars, with bolts tightened, will develop sufficient ‘frictional ‘resistance 
go that a force of 75000 Ib is required to slip the rails within the bars, 


then, for a temperature increase or ‘decteate of 75.000 or 30° F, there 


to prevent rail expansion on. euatecaiien through 60° of the seasonal varia- 
ten in rail temperature, or almost throughout one-half the range. Thus, only el 
one-half the expansion allowance, calculated for the rail without restraint; 
need be allowed. secure full advantage of this condition , however, 
would be n necessary to lay the rail at temperatures: ranging from less than 


‘The use use of longer and ‘continuously welded rail offers a a prospect of 


the _author, invaluable in acquainting a new field 

Macer, Esq.2* (by letter).—In recent years, the expansive action 
a rails subject to joint and tie restraint has been given intensive study in © 

_ Germany by several investigators. In addition to theoretical analyses of the 
= change and restraining forces, considerable research work was _ 
" conducted to determine the actual values of joint and tie restraints. _ The «J 

| adoption « of a new track construction as standard on the German National _ 
Railways in 1925, provided a tie-plate fastened to each tie with four screw 
a compressed “wooden shim between rail and plate, and a 

3 fastening of rail to each plate by two clamp bolts, clamps, and double-coil 
spring: washers. This construction has also been introduced i n the United r* 
«ct was found that with this type of fastening, the rail did not slip 
tates: the plate, , but that where longitudinal movement of the rail did 
oceur, the rail, ties, and ballast within the cribs moved as a unit, presumably a 
= along a horizontal plane | at the bottom of the ties. In 1929, Ammann = 


Engr., Kansas City Southern Ry., Kansas City, Mo. sed 
™ Asst. -Engr., Kansas City Ry., Kansas City, Mo on 


4 
— 
ag 
— 
il 
— 

— 
q 

— 
“| 
1 
— 
| 
| — 
— 
al | 
| 

— 
— 
— 
it — 
— 
— 


=a 


MAGEE ON NEW THEORY oF 
| 
described” an interesting ‘experiment in which a panel of track was eepe- 
- cially constructed on crushed rock ballast, a concrete buttress placed at , one 1. 
and known longitudinal forces” applied to the rail ends by. hydraulic 
jacks, in order to determine the tie resistance to longitudinal movement ei 
the rail. . Later investigations were made on track ‘traffic ‘use and 


under different weather conditions. A tie resistance of 881 per ransing 


Ps: tie and. joint restraint the rail lengths in use on 1 this “type of = 

construction were generally increased from 15 to 30 m (approximately, 49 
: «to 8 fF ft, respectively) by welding two rails when the old rail was serviceable, 
or by purchasing new rail of -m length. A Trial installations were 


_ Long welded installations of rail have been placed in open. track 2 


United States on two railroads. 4 The first installations 1 were placed — 
\ a the Delaware and Hudson Railroad, using a type of constrection = 


in principle to the German fastening, but differing principally in that two 
spring: clips and bolts secured the rail to the tie- -plate and no shims were 
‘ used. - An installation of long welded rail has also been placed on the re 
_ Bessemer and Lake Erie Railroad, using the German type of construction 
The new theory of rail expansion described by Mr. Africano ‘explains a 
phenomena of placing rail with no provision for ‘expansion 
shows that, in this welded ‘construction, expansion movements | may be ‘ 
Although, as Mr. Africano points: out, the rigid fastenings: 
required only at the ends | of long welded rail to restrain the | expansion, 
i should not be thought that these fastenings are not needed at the intervening oe 
ties. Their function is a highly valuable one “the intervening ties 
_ ‘prevent excessive opening of the rail in the event of rail breakage in cold : 
weather and to” resist track buckling i in hot weather. Should the ven’ | 


begin to buckle | at a a point of weakness, the : rail is held from ru running into 
this point | of weakness and a a ‘sun- -kink” is thus aarti in its beginning — 
The rail stresses due to “restraint of not be dis- 
regarded. Should ‘rail be laid, welded, and secured in the hottest weather, 
‘a maximum tension stress due to temperature effects in the coldest weather — 
of approximately 30 000 lb per sq in. should be anticipated. This would a 
be additive to the rail bending stresses and would place too large an added 
burden on the rail. The laying of this type of track at mean peer 
would equalize the disadvantages of stress due to rail tension in winter “ 
por track- buckling forces in summer. The ma: maximum rail- tension stress 
. of 15000 lb per sq in., due to temperature effect, which wouhl be developed . 
in this method of laying, is probably not too severe for the heavier rai) 
that weigh 131 Ib per yd, or more. 


pe. “Latest Investigations in Regard to the Effect Which the Longitudinal Forces Exert 
on the Rails”, by Prof. Dr.-Ing. Ammann, Karlsruhe, Germany, Technical Weekly Trofio 
Review, No. 47, ‘November 20, 1929. 


— 
indi 
= indi 
— 
— 
4 
+ 
— 
— 
mew 
— 
and 
rail 
‘pon 
the 
a 
— 
ot 
by 
q 
a 
q will 
— 
— 
ur 
ver 


NEW THEORY OF RAIL EXPANSION 

| 
that wave action of traffic may have on tie resistances for 

jong welded track are not yet well determined. Preliminary measurements 
indicate that with traffic in one direction, the rail is likely to show some- 


what more » movement ‘at one end of the long welded rail than at the other. 


“Th does not seem, however, that this will appreciably alter the analytical 


‘There is also some question as to. whether ‘the tie resistance to hori- 


zontal movement. “may be consi dered as an clastic resistance similar to the 
modulus of track resistance, u, ‘to vertical depression. It is to be expected 


that the tie in the nature of frictional 


author is to be commended of this 


ot D. Hussey,2® M. Am. Soc. ©. E. letter)—The assumption 
a made in this paper that long welded rails are laid in tangent, level track, 
the author has developed a method of computing the in the 

i nails and the end expansion, for a change in temperature and a known tie an 
resistance. When the rails are laid on a curved alignment, the radial com- 


_ ponent of the stress in the rails produces a force which tends to displace | 


in which, i in addition to rlpas notation of the paper, F, = radial force on 
tie, in pounds; and r= = radius of curvature. Africano has demon- 

_ strated that s = 219 Ib per sq in. for 1° change in temperature. It is seen 

that Fr decreases as the radius of curvature increases, and that, in a 

- straight track, it becomes equal to zero. For example, assume that 131 lb 
“nil are laid on a 1° curve and that the tie- tie-spacing, c, is 22 in. Then, 
by Equation (29), Fr = 1.80 Ib for 1° change in temperature. — bt For 100° 
change i in temperature, F, = 180 lb. This force must be added to (oe sub- 
tracted from) the radial» force on the tie that is due to : a train passing» 
ound the curve. _ When the temperature is higher than that at which the a 

tails were laid, these forces will be additive, but when it is lower, they 
wil counteract each other. ot 


Aa Equation (29) can be used in the ‘computation of vertical fo forces exerted — 
by rails that are curved in a vertical direction, as in the case of vertical 


curves at the top of a hill or the bottom of a valley. _ A horizontal and a 


vertical curve occurring at the same point is an ‘unfavorable combination. a 


Research on welded rails should include the determination of the 


Designing Engr., Am. Bridge Co., New York, N. = 
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506 AFRICANO ON NEW ON NEW THEORY OF RAIL IL EXPANSION 
ALFRED Arricano,”? Assoc. M. Am. Soc. C. E. (by letter) ~~Thoss who 
4 


“= oe been kind enough to discuss this paper have added immeasurably to its 
= by clarifying some points perhaps too briefly treated, by contributing 
their experience with — continuous welded rail in support of the theoretical — 
oa and, finally (and of equal importance), by emphasizing certain objec: 
tions to the fundamental assumptions made. 
2 _ Although most of the discussion indicates an acceptance of the — 


fs 


td the judgment of the engineer ° who u uses s them the determination < of the best 
average resistance, 7’, per tie—as the writer intended), the objections offered . 


Professor r Talbot s seem sufficiently important to be given { first attention, eal 
Of the questions which Professor Talbot raises the principal ¢ one seems tobe 
ae uncertainty as to whether or not the ) Tongitudinal resistance set up at each 
‘s tie is a constant. It is not. a constant. tk varies under the influence of 80 
"many factors that the writer ‘purposely avoided attempting assign any 
a - quantitative value to those factors at all. If a simplifying average or effective — 
_ value of the tie resistance under all conditions can be used in such a manner 
that the theoretical analysis will show a practical agreement ' with observed 
movements, its use is obviously justified. 
The experimental data given for the two half-mile rails of the Delaw yare and 7 
_ Hudson Railroad Company at Mechanicville, N. Y., were the average of forty. a 
SS observations of end movements made over a period of 1 yr, for various — 
temperature changes. Iti is extremely interesting and instructive to plot these — 
- individual results against At, the temperature change in degrees Fahrenheit 
from the rail-laying temperature. This has been done in Fig. 11(a). For © 
- comparison, the curves of theoretical end movements obtained by the use of 
Equations | (9) and (18) are also shown. on 
_ The scattering of the observed points indicates the difficulty of attempting — 
ee formulate an exact equation accounting for every variation and, conse 


‘practical results. Equation (9), based on a constant value for T, apparently 
a > A - gives such results. The important consideration here is that the theoretical — 


\ or predicted expansion or con’ contraction is approximately 1 in., as observed for ? 
; the ordinary range of temperature change, and not the large: value heretofore = 
calculated by assuming free expansion. That the fear of dangerous free i 
expansion : actually existed at the time these rails were laid, is proved by the a 
fact that an elaborate expansion joint was provided by the engineers of the 
Delaware and Hudson Railroad Company to take up the maximum of 22in. 
end movement computed i in this way if one end remained fixed and the other 4 
Equation (9) is plotted with = 2 100, whereas ee (18) is plotted 


by the joint (averaged from Fi ig. “10 given in in Professor Talbot's: 


_ Although joint restraint no doubt exists, it is too erratic to be depended 
ow upon and, in the writer’s opinion, should not be used at all in eS fasten 
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AFRICANO ‘ON NEW “THEORY | oF EXPANSION 


when a rail breaks, giving the condition of two free- rail ends. By controlling “i 

the value of the tie resistance in future installations the mngubbaile of the 
resulting ga gap can also be controlled. In Fig. 11(a), a value of 2 100 in Equation 
(9) shows a better agreement with the observed data than the value of 600i in 


a Equation (18) with any of joint restraint. The high value also 


i? broke nated of the 3 in. to 6 in. .. that should be ‘expected if ely the on 
a It should be noted that the writer did not arbitrarily a assign or r “place” the 
4 high value of 2 100 lb for T for the reason Mr. Hunt suggests, but solved ae 
the av verage | value that must have been effective at various temperatume to 
agers the evident correlation with the small observed end movements. oe 


paper was w ritten, the writer plotted Fig. showing competes on of 
- theoretical with observed end movements for the one-mile continuous welded — 
rail installed by the Bessemer and Lake Erie Railroad Company, at Valley a 
Riv er, Pa. _ The agreement is as good as can be expected for so variable a 4 
structure as a railroad track, and the scattering of the points again precludes ‘e 


4 the use of f any assumption other than simple constant tie resistance. | It should 
be noted that very little joint resistance must have existed since Equation (9) 
é _ passing through the origin obviously fits the data better than Equation (18). a 
‘The latter w ould cut the horizontal axis at some particular value of tempera- a 
: ture change determined by the degree of joint resistance which acts to prevent a 
movement until that temperature change i is is exceeded. No distinction 
been made in this graph (Fig. 11) between ‘movements (expansions) corre: 
sponding to positive temperature changes and movements (contractions) 
corresponding to negative temperature changes. The writer agrees” with 
Professor Talbot qualitatively in believing that the direction of the tempers- 
change, up or down, as as well as the magnitude, exerts some influence on 
- available tie resistance. Quantitatively, however, to judge from Fig. 11(6), 
‘Use of a simplifying assumption for practical purposes under such circum- co) 
a stances is by no means without precedent. _ As Chairman of the Special Com- i 
mittee « Stresses in Railroad Track, already referred to, Professor Talbot 
used an an analogous simplification i in the case of the exceedingly variable vertical - 
_ modulus of foundation, or rail support, u, in the development of the equation — = 
rail ‘stress: due to static wheel loads. Those familiar with this equation 
know how variable this modulus m: may be in different tracks and even from point i 


to Point i in n the same e track. WwW hen the writer began wen rail stresses in ee 


_ acknowledged, the results obtained from the assumption were e suficenty | 
_ close to actual observed stresses to warrant the method. 
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studying the reports of the Committee on Stresses in Railroad Track and 

—— correspondence with authors of papers on rail stresses, that although the | - lon, 
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FRICA 


iil static stresses from Equation (24) by using a constant value of a 
= 1600 a and stresses due to the four ‘The | scratch 


q 
wor >104" 


ic) ACTUAL STRESS 


RECORD FOR 
WHEELS 


4 44500 
Top of Rail 


4 


Lb per Sq In. 


STRESS DIAGRAM, FOR. 4 WHEELS 
‘ (THEORETICAL, u CONSTANT) 


Fig, 12. —ILLUSTRATION or ANALOGOUS Case IN WHICH MopuULUS OF FOUNDATION, u, AS 


Gives P PRACTICAL LTS FOR RAIL STRESSES DUE TO WHEEL 


wi was made while the 10-car train passed slowly over the instrument 
recording actual strains in the steel, and later was magnified 100 times and | 

_ photographed. Since the recorded stress. | represents the | effect of different — 

values of the vertical elasticity of the track, the agreement based on a constant 

ails Referring again to Fig. 10, an independent conclusion may be reached as © 
_ to whether or not the tie resistance varied appreciably for the same, and for _ 

_ different, temperature changes. If it is constant, the accumulating lenghedieal 


: force should increase uniformly along a straight line, and this the graph shows. he 


By noting that the slopes of the lines showing the accumulating stress in 
«Rg. 10 are approximately 30° from the vertical, for three of the four tempera- ‘ 
_ ture changes shown, the conclusion may be drawn that, as far as practical results 

concerned , this assumption is valid for all temperature changes. The 
c "rounding off near the top of the sloped line is to be expected, since, as the _ 
_ Writer was careful to point out, there is no doubt a slight effect, more pro- __ 
- hounced at this point, of the longitudinal resistance being proportional to the © 

‘longitudinal movement. As the accumulating resisting force approaches that . 

required to fix the rail completely, the movement of the rail diminishes to so _ 
small an amount that the tie resistance does not have a chance to come into 

‘1 action, especially if there is any looseness in the ties. In other words, _ there a 
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AFRICANO ON NEW THEORY OF RAIL EXPANSION. 
may be a limiting degres: of movement above which the tie resistance is fairly 
- constant and below which the longitudinal restraint is more nearly Propor- 
tional to the rail movement. In the writer’s opinion, the latter effect is, 
negligible factor in the computation of the end movement. us beg fil 
eg __A point of practical importance to many engineers—the stress in 1 the fixed 
2 part of the rail—seems satisfactorily taken care of by Equation (2), but the 
_—— writer’s choice of value for the coefficient of linear expansion has been generally 
 ritieized. In view of the difficulty of predicting plet 


end d movements within more than, say, 75% ac- 
curacy, it seems poor judgment to bother about 
extreme accuracy in this one factor just because ort 


or less precise values happen to be ‘avail. 
able. writer chose. the value for hard steel, 
| 7.3 X 10-*, given in the steel handbooks, not to A 
recommend ‘its use particularly, but because 
a better fits the case of rail steel ordinarily ol the 


about 0.75% of carbon with a higher Brinell writ 
number than the structural steel w which | 
; about 0. 33% arbon and the lower value, 
5 X 10-*. In addition, where there is a 
of values, ‘the conservative one would b be that ‘tos 

om 
the worst condition, in this case, the 1 maxi- q 
; mum expansion. Thus, the highest coefficient | 
bs " | | inthe range for rail steel, 5.5 X 10- to 7.2 X 10°, 
“0. 2 40 60 which Professor Talbot kindly furnished from the 


Temperature Difference, At, 


in Degrees Fahrenheit Critical Tables, should 


OBSERVED MaXIMUM TEMPER- te was “The. handbook, value for hard steel checks 
‘STRESSES (FROM Fic. | ffic lonely, 
a. 10), AND WRITER’s THEORETI- " this maximum coefficient. very closely. From 

CAL VALUES BaSED ON RECOM- — the temperature stresses for the fixed part of the 


ss MENDED COEFFICIENT OF LIN- 
pon Hatta: shown in Fig. 10, it is possible to compute 


an average value for. actual track conditions. 
In Fig. 13, the writer | ‘has plotted the observed temperature stress against the 
corresponding a average temperature ‘differences from the base of 53° F for each 
ease, choosing the straight | line that passed nearest the data as the best stress- 
relationship. The ‘slope of this line is the same as that for the 
straight-line Equation (2), or Substituting a a constant value of 30 000 000 
¥: for EZ, and solving for n results in the value, n = 7 X 10-4, for the best actual by 
ie track value of the coefficient of linear expansion in these cases, as against mo 
im laboratory test value of 6.3 X which Professor Talbot favors. This 

calculation corroborates the higher value used by the writer, and, in his opinion, 


Thousands of Pounds per Square Inch’ 


an pay 


3 shows that the inaccuracy involved is not only negligible, but that the round i Tien 
wt value of 7 X 10- * is entirely adequate for the degree | of precision warranted = up 
and should be used i in all computations of end movements for long rails. meena” t wh 


. The he remaining points raised by Professor Talbot can be considered more 
briefly. It is to be expected that the special problems involved in the main-— u 
tenance of long welded rails will have to be solved aati: before they — 
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es come into general use. Nevertheless, since iti is know n that they do not = 


a or contract as free rails, and have been in actual use for several years, as_ 
nf pointed out in Mr. Baldridge’s valuable contribution of historical background, 
‘ they are no longer experimental except for these problems. If this paper 
i serves only to show to the Engineering Profession that the existing ; statistical 
evidence in favor of the practicability of long welded rails is supported by 
= known engineering principles even if | the theoretical analysis may not be com 


pletely satisfactory, the writer’s intention has been fulfilled. vii be ver 


Regarding the use of calculus for deriving what proves to be a simple — 
second degree equation, this i is the usual method for determining the integral a 


4 q weve 


| i or total effect of a variable factor.*° The writer took special care to show | 


every step of the precise reasoning upon which the resulting formulas | are 


developed. It may seem unnecessary eae who have pian years of 
erg starts by wy 


study to a specialized subject. ries rind 
Rigs. and 10 are important in showing existence of 
- the fixed intermediate part of of the rail as predicted by the photographs of the © 
_ writer’s elastic model shown in Fig. 2. The u use se of “equivalent stress" per 
4 square inch” for the measured unit change in length may be confusing to some ~ a 
readers. Since a temperature change -Tequires the length to change to avoid © 
; becoming g stressed, it might have been more informative to plot the actual data — 
‘2 some convenient scale, especially since its use is desired for developing — 
‘general principle. Such data, if obtained near the ends of an intentionally — 
_ broken rail, along with the ec corresponding end movements would yield valuable — A 
; - information on the actual maximum holding power of the rail fastenings. 
| ee cautioning readers in the use of Equations (18), (20), or (21) (or for that 
matter: any equation or its application), the writer heartily concurs with 
fessor Talbot. Both the derivation of the equations and their applications, — 
the writer agrees, are too new to be plucked blindly from a handbook. It is of 
~ importance to point out that inaccuracies may be conceded to exist, and 
yet be so negligible as not to affect the usefulness of the theory for all practical 
_ Mr. Gailor appears to be satisfied with the calculations and formulas as i 
basis for future studies but states that the possible out-of-alignment of a long 
Face on a hot day i is a different condition from the straight line assumed in the 
paper. It is true that for the purpose of analysis the writer used the case of 
eu ‘straight tangent track. However, even if the rail is laid in the winter, which 
is not recommended, the buckling that may be caused vertically and laterally _ 
; by excessive expansion the following summer is not likely to affect the end 
_ Movement appreciably, and remains as a problem to be solved by providing © 
a Statement (6) by Mr. Gailor seems to show a misinterpretation of one of = 
fundamental points of the analysis, namely, that the temperature stress set 
Up in a rail when fixed is independent of the length and would be the same _ 
Mater for "one tie-spacing or for one m mile, Since it m may be of the order of 7 


& & 


& 


ao 


_™“Mechanics of Materials,” by L. A. Martin, p. 16. Here a similar use of calculus 
is made to determine the extension of a cylindrical rod due to its own weight. ‘The inter- 4 


esting and analogous result is that the extension is } one- -half that which would oceur ‘it the 
total weight were concentrated at the lower end. 
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‘ments occurring with temperature changes are reduced to a minimum, poeta 


maintenance cost. Since the scope of the paper was limited to the discussion 4 


cumulative feature of the tie. restraint has been well established the exper 


using rigid fastenings at portions only;} yet according to ‘the con 
_ submitted by Mr. Walker in Table 5, even ordinary spike fastenings prevented 
ere ends of broken rails from separating “in excess of 2 in.” so that the fear ¢ of 
“disastrous results” expressed by Mr. Gailor and Professor Talbot in such a 
ease seems to be unfounded. However, the writer would recommend using 
_ some relatively economical type of rigid fastening | for the mid-section and the 


best available rigid fastenings at the ends. In this way the definite end m move- 


Bone: oiding trouble with the insulated joints which, to a great extent, will I deter. 

the practical maximum lengths of welded rail. The number of rail 

breaks for standard rail is of the order of 1 per track-mile in 5 yr of service, — 

_ The temperature stress may increase this, but it will depend on the a 
and judgment of the engineer as to what degree of rigidity and extra expense ~ 

he will consider absolutely necessary to offset the risk of this occasional failure. “ 
_ ‘Mr. Kenney believes the vital problem is not so much the control of linear — 

_ expansion as the control of lateral expansion without, possibly, increasing the 


of temperature stresses and rail expansion the writer will not attempt to prove : 
any economy in the use of welded rail. | Such conclusions depend to a great 
extent on the additional life of the rail due to elimination of end batter, and this 
factor requires several years to determine statistically, | 
“Ww ‘The case mentioned d by Mr. Baldridge of the shearing of joint bolts following i 
a sudden drop in temperature | is significant as it indicates the need for investi- _ 
gating even standard track the possibility that it may act as a 


“ganged: up” or their ga gaps in warm weather and then have acted as a 

in ensuing cold weather, in one case permitting gap to almost 

tea Applying the analysis” to the data ; given by Mr. Baldridge of a 2.5-in. 

- maximum gap opening for a temperature difference of 100° F it is possible to : 
estimate the length of anchorage and the e average tie- resistance | that had to come my, 


: occurred in the critical ‘length. on each side of the joint. ” This | is the nr i 
expansion for 160 ft of rail, as Mr. Baldridge calculates, by parva 
Al = 1.25 in., n = 6.5 X 10-8, and At = 100° F, in Equation (1), and solving 


for. this length, 1, represents expansion or contraction without 
é restraint, and since the actual degree of expansion varies from that for "i 


free rail at the gap end, to zero at the opposite fixed end, the : average rate of Ee 
expansion is only one-half the free expansion as the writer demonstrates ty 
‘Equation (9) and Theorem 1 in the paper. Consequently, the length of the 
anchorage must have been twice 160 ft, or 320 ft, on each side of the ao 


a 200 000 Ib it is impossible for any single tie-fastening to resist. The cumulative § Ass 
ee | _—resistance is the only remaining explanation for the fact that such large forces § be: 
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ley be available to wana the total temperature stress set up when the rail i is finally 
fixed. The unit stress from Equation (2) is 19 500 lb per sq in., if n is taken 
a 6.5 X 10-8 and £, as 30 X 10°, rv Multiplying by the area of the 112-Ib rail 
(11.05 sq in.), the total temperature stress to be resisted by the ties is 3 about 
we 000 lb, which, divided by the 160 ties, gives as the probable effective 
resistance of each tie 1300 lb. — Equation (9) would have given this value 
immediately since all other quantities are known. a 
o _ Mr. Hunt emphasizes the fact noted by the writer that Equation (9) is” 
es mite a special case of Equation (18) when the joint resistance, P, is equal to 
of zero. He contributes a useful graphical solution in ‘Fig. 5 for this queerel case. 
_ The writer developed the “‘special’”’ case first for two good reasons: It is logical 
to start with the simplest case; and since this tells the maintenance-of-way 
| cs engineer what maximum gap opening to expect, it is the most important case. 
oh - Table 3 is useful to show the effect of joint restraint on the calculated . 
value of the tie resistance . Both Messrs. Hunt and Magee believe the —— 
‘a joint restraint was under-es estimated, thus leading the w riter to what m may be 
mt -eonsidered too high a value for T in the illustrative examples. These examples ” 
show that two different values may be obtained by using a definite joint 
4 restraint and by considering the gap at a free end. Hence, it should follow 
_ the correct application of Equation (18) at a joint to determine the tie 
restraint: depends upon an accurate knowledge of the degree of joint restraint. 
. cs is much simpler to obtain accurate values for the maximum available tie 


resistances, by reproducing the condition of a free end. Thus, by loosening 
the joint bolts and noting the free end movement, the elementary Equation (9) _ 
can be applied. — _ Purposely | breaking the long rail at some point on the fixed 
length would be an accurate method of obtaining the data to guard against such vila a 
an accidental contingency. The effect of the joint restraint on the magnitude __ 
of the temperature stress seems of little importance since this stress becomes > oe 
i. ‘maximum in the fixed part of the rail regardless’ of whether or not joint me o¥ ie 
restraint exists. Its only effect on the end movement is to decrease Be 2A; a 
ir In Table 4 Mr. Hunt demonstrates that an 8-in. gap might 1 result if ordinary 7 
track were made continuous. The actual data submitted in one of the dis- 
“i cussions for such track showed that the gaps were much smaller sothatahigher — 
2 restraining ‘force must be considered to have been in effect. a His calculations — 
3 and diagrams showing the local stresses set up when a a short length of a long rail | = 
a 


under temperature stress is replaced, are interesting, but such stresses may 
_ hot be serious since they would have a good chance of being ‘ ‘ironed” out by 
:. vibration and wave action in the rails due to the wheel loads. Creeping “7 
rails produces a similar effect and is no count responsible for some of the 
seattering i in the observed pointsin Fig. 11. 
Walker’s photograph of the ~“sun-kink” (Fig. 8) on a welded rail is 
extremely interesting, and his experience in eliminating this trouble in the 210 
miles of welded track of Eastern Massachusetts Street Railway, is 
| expansion in 
the 660-ft lengths was about one-half the expected 6 in., , thus checking the + 
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Theorem 1. The. incident of the rail “popping out’’ of the remaini 


after some had been removed is worth noting, both for the warning it gives of 
_ this possible source of danger, and as an illustration of how the total ere 


He is correct in stating “the 
is not necessarily a straight line’; but the straight line, nevertheless, seems — 
appropriate for the analysis. adi ve lates ods 


‘short tails to expand and contract less than they would if free is of nh 
interest to those who have noticed discrepancies with the maaarveare gaps based — 


eae Mr. Magee agrees that the tie resistance is more in the nature of a frictional _ 
Shaw an elastic resistance. To ‘explain end movement where no surface evi- . 


horizontal plane : at the bottom of the ties—the rail, ties, and ballast m moving : as = 
 @ unit. © However, cases are on record in which sliding of the rail occurred : . 


att _A question frequently raised the of the buckling forces 
in curved rail due to temperature stresses is answered by Mr. Hussey’s Equation iS 
4 seiner which g gives the required radial resisting force i in each tie to keep the rail 


span, c. Thisisa ion eppiesienation.: Radial forces of about the same order + 
_ may exist when the speed of a train around a curve exceeds that corresponding _ 


to the superelevation. _ The same lateral rail anchors that are already i in we 


dee to temperature stress, pean for « curves of large radius. For sharper 
curves, this effect might become serious, and the added factor of a shorter _ 
life may make welded rail inadvisable in certain cases. al. ai wane 
iy It the writer’s opinion the entire track structure of the future will a *y 
altered radically from that called “standard” to-day in the effort to a 
the maximum economy and the riding from continuous welded rail. 
if continuous elastic support under the rail in addition to adequate eross- Be 
rational structural unit required to parallel the advances made in modern 
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By J. A. L. WADDELL," HON. M. AM. Soc 
Discussion BY Mussns. Jones, Henry a TaMMEN, 


McCurytock, JoserH G. Suryook, C. Mora, W. G. FowLer, 


FRANKLIN, anv J. A. L. Wappen. 


. 


The comparative economics of any two or more types of modern see 


bridge floors is presented in this paper. The method provides a means of - Z 


answering questions of relative economy in a very few beyond 


time. The following i information 


own: The thickness of the tore ; the 


: | weight of metal per square foot of floor, between the stringers and the Sour 


with a a ood ‘Spacing of 5 ft, ‘if there is such special metal (or, 

tem, due to a closer spacing of the cout per ‘square foot of 


a sn Figs. 1 to 8, with Table 1, , afford all the information required for making _ 


‘such economic comparisons; and the text describes the conditions that : 


governed the computations for all diagrams and tables. _ Invariably, both 


ps superstructure and substructure costs are considered, under the average | or a 


usual conditions that were assumed for the latter, 
Certain unit prices of materials in place were adopted for making the 
. ‘adlialathois of total costs per linear foot for the more than two hundred “a 
fifty spans that were specially computed in making the investigation. © Due © 
was taken of the the unit prices of 


and certain par are furnished for the nerd 


_ adequate correction (for this reason) of all such unit prices. yo oneley 


Nore.—Published in February, 1937, Proceedings, -- 
* Cons. New ‘York, N. Y. Mr. Waddell died March 3, 
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The bridges covered in the records are for simple- truss and 
spans, for both wide and narrow roadways, and for both carbon-steel and sili- 4 7 al ot 
- qugmenting of total metal weights due to wind loads, and to the effect on oa 
costs of both superstructure and substructure from the spreading 
beyond the requirement for width of ‘Toadway. The curves were 
upon the basis of there being solid rock an equivalent reasonably 


- foundation for piers; and the effect on the comparative ooneeeae of using 
Full explanations are provided regarding 1 the utilization of the diagrams ; 
tables; and three practical cases for bridge- floor competitions have | 
solved in the text. The economic effects of using light floorings on vertical: 
lift and bascule spans and on suspension bridges have been treated at some 
length. The entire investigation has been made upon an absolutely unbiased — ; 


basis; and the “method of presenting the cost diagrams represents the acme 


5 


‘ 
Linear Foot of Structure 


» 
> 


= 


eo eane bridges, termed pt the “Standard? , there are a number of 
__ patented floorings, the main object of which i is to reduce the dead load on the 
end thus save metal and, therefore, “expense. Because these special 
types are more costly than the ordinary type of reinforced concrete flooring, 
and, in addition, i involve royalties, they are likely to. increase rather * than to 
decrease the total cost of structure in short-sp: -span bridges. 
being equal (that is, ignoring all claims for superior 


Partial Costs in Dotiars per 


Each patent naturally wants people to believe that his special 
_ type is not only superior to all other types, but is also the least expensive, when 34 
eA the total cost of the completed structure is in question. Comparing any two 

types of equal suitability, it is evident that the lighter the flooring the smaller & 


will be the percentage of steel required for both the floor system and the th 
trusses ; but the total saving of metal may not be great enough to offset the dif- 5 Tom 
ference in the costs of flooring for the two types u comparison, after 


lied is evident that the longer the span the greater is the proportionate 

alee in metal 1 weight of t trusses ‘resulting from the reduced dead load. As 

Pe far as the different types ‘of floor construction are concerned, it is almost 
® axiomatic that the lighter the flooring the greater, generally, is (or : should be) es 
2 its ac actual cost per r unit of ar area, because the thinner it is the larger must be its 
of expensive steel and the smaller its volume of concrete. 
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a - non-collection of snow and ice, etc.), the bridge engineer, in the interests _ 

rae 4a ' of his clients. will verv properly desire to design his structures so as to keep oF: 
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HIGH WAY- BRIDGE FLOORINGS- 
at (1937), few, if any, bridge specialists are at all certain 
about the comparative ultimate economics of the various bridge 
establishment of -ab$olutely orrect and method for set set- 


near Foot of Structure 


175 
Fig. 1.—PARTIAL OF Truss, HIGHWAY Bripees OF STEEL; 


tling the question would bea real boon, not only to the Ridin Profession, — 
also to the of bridge projects and to the financiers 
is to be spent for the materialization of the desired structures. pe < 
that reason that this paper, with Figs. 1 to 8, has. 


was: ‘sumed; and, for | each one of the series, an 
logical) cost per square foot was adopted, including royalty, these om aad 

erally i increasing as the weight of floor-slab diminishes. 


— 
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of floor equal to 
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HIGH WaY-BR -BRIDGE FLOORINGS 
ON ext, cost curves were plotted to cover the substructure, the superstructure _ 
‘metal work contained in the floor system proper (on the basis of 5-ft stringer a 
spacing), the lateral system, and the trusses (excluding the metal on Piers 
a in the anchorages) for both simple-truss spans and cantilever bridges, in 
both carbon steel and silicon steel, and for both wide roadways and narrow 
roadways. These curves do not contain the costs per linear foot of the floor- . 


ing, the - metal in extra pecs that between flooring and floor | system, 3 ; 


(except only the hand- rails) are given. “i taht, using the assumed unit prices ie 
that: are adopted in the text for this» investigation. In the future, the 
- going costs will need to be computed for each special case as it arises before — 
the diagrams can be utilized. . This Program, at first may appear a 
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Fie. or SIMPLE-TRUSS, HicHwar BRIDGES oF SILICON | 
45-Foor Roapway ; Spans, 400 Fer To 650 
_ Because of its common use, a 110- lb, 9 -in. sar floor of ordinary rein- 


concrete, consisting of an 8-i -in. structural slab with its thickness 
increased 1 in. for 1 wear, has been selected as the “Sta ndard” type of non- 
patented flooring. The 123-Ib flooring, designated as “Super- Standard”, con- 


- sists of an 8-in., reinforced concrete slab, covered with a 2- ‘in. thickness a 


asphalt: paving. For both these types, the stringer spacing was assumed 
90- Ib flooring represents a -in., concrete slab with trusses 


of elded-bar or other rigid construction, also: carried by 
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BRIDGE FLOORINGS 
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Fre. Unit Cost or Tyre A, CANTILEVER HIGHW jax BRIDGES OF SILICON 
open-grate flooring of this comparative series was based on using ig! 
throughout, but it is better practice to make ‘the straight ie 
carrying) bars } in. thick. This would add 2 Ib per sq ft to the weight =— 
of the floor, but would permit a saving of 1 Ib per sq ft (through ‘slightly — 
wider : spacing) in the weight of the small transverse I- beams, making @ net <) 
increase of 1 lb of metal per sq ft. ‘Consequently, if the heavier carrying ea 


ae 


are used, ‘it will be “necessary to allow a rebate of cts per sq ft of 
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—ParTIAL Unit Cost oF SIMPLE-TRUSS, 


n the other hand 


TABLE 1.—Darta Concerntnc Comparaste Froon Types 
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HIGH WAY- FLOORINGS 


certain span might ‘more type in a car 
_ bon steel bridge, but not in a | silicon- steel bridge; hence, curves had to be A 
plotted for both ‘steels. Structures of both materials were investigated for 
_ simple-truss bridges, but only silicon-steel structures for cantilever bridges — 
- (see Type A and Type C, Fig. 9), because it is now found | to be uneconomical Ito 

use carbon steel in cantilever- bridge construction, except sometimes for floor 
systems and, for certain parts of the lateral bracing. As, in 


truss it is not economical tc to” utilize -carbon steel for long 


Foot of Structur 


A 45-ft and a 20-ft clear roadway were adopted as the standard floor 
= for this investigation, partly because they saved much interpolation on & 7 
the ‘diagrams of “percentage ‘Tatios” that were used in making the caleula- ion 
tions for truss weights. ‘This width of 45 ft is practically equivalent, as far 3 
as both weight and cost are concerned, to the very common floor cross-section q — 
of a 40- ft, clear roadway an and two clear sidewalks, 1 for the aq 4 
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Fic. 6.—PartTiaL Unit Cost oF SIMPLE-Trvuss, HIGHWAY Burvces or SiLicon 
20-Foor Roapwary ; Feet To 400 FEer. 
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per Linear Foot of Structure 
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Partial Costs in Dollars 
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—PAaRTIAL Unit Cost OF SIMPLE- Truss, ‘Hicuwar Bripces oF STEEL; 
20- Foor CLEAR ; SPANS, FEET TO 650 vane. 


computing dead Tonds for the that 1 were 


xis an 


rails, but their cost sities been (and in the future use of this paper is to 0 be) 


Puech as it is common to all the competing structures investigated. a 


Two types of. guard- rails” have adopted for this investigation : 
) 12 by 12-in. curbs of reinforced concrete for structures with solid floors ; 7 wv 


— il 


of the -grate type. In ‘Type (a), the extends 
the curbs (or guards) so as to susie an attachment to them sufficiently 
strong to resist shock from passing vehicles ; in Type (6), the 


ure 
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Fie. 8.— PaRTIAaL Unit Cost or A CANTILEVER HIGHWAY BRIDGES 
STEEL; 20- RoaDway. 
guards are to be attached to the floor system by metal braces. 


; weight of carbon steel in the two channel guards and their bracing i " 100 lb 
per lin ft, and the cost, in place, is $4 per lin ft. 
_ The cost per linear foot of structure for the two reinforced « concrete guar PY 
il their * supporting base is $2 for the 2 eu ft of concrete in the ‘curbs, plus 
thes value of 2 sq ft of the flooring. It is self-evident that there is no need 
for extending the flooring o outside the inner faces 
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are those now current, involving basic tensile unit stresses of 18000 Ib per 
sq in. for carbon steel and 24000 Ib per sq in. for silicon steel. ee eae 


\ - Although all the data i in this paper are based on on the usual —_- (H-20) a 
Sy loading, the general economic conclusions will apply quite closely to 
structures designed for lighter live loadings. For the usual H-15 loading 
instance, the 5-ft stringer spacing could be increased for all types of 
= floor, or it could be > kept unchanged and thinner floor-slabs utilized. In 
the percentage saving resulting from the use of the lighter floorings 
will be found a little lighter live donde them, for the H-20 


Any reduetion i in ‘dina load saves money, not only 0 on the superstructure, 


hat dictate | both the width | and the length of ‘the pier tops; hence, it was 


curves of costs per linear foot of bridge. 


; As bridge costs differ somewhat in various parts of the United States, — 


a many considered advisable to select a particular locality for the comparison ; “a 
and Kansas City, Mo., was chosen as being centrally located. ee a 


ard” flooring (Item No. 2, Table 1). There are two ways of accomplishing 
requirement—either by inserting additional stringers, _or by adhering 
to. the 5- f “ 
ne e 5-ft spacing that is used with the | standard’ ” flooring and ‘crossing 
the stringers with small I-beams, spaced as ter apart as the strength and the — a 
of the flooring under consideration will permit. The second method 
is the better one from” the point of view , of stiffness; and. it is sometimes b 4, 
As none of the usual floorings less 3 in. in thickness will permit 
ofa & support- spacing in excess of 3 ft, and as the cross-I-beam construction ; 
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a is usually so > much more eh ial concluded to utilize it for such 
thin floorings. For, floorings weighing 60 lb per sq ft, or r more, or for 
_ those 34 in., or more, thick, he assumed them to ‘ able to carry properly 
Over a 5-ft spacing. _ For thin floorings ranging from 3 to 34 in., he sind 
stringer spacing of 4 ft; and for all still thinner floorings the small 
transverse I-beams were used, spacing the 


i strength and rigidity of the foorings. 


__ Before using this paper for ascertaining the economics of any pia 
flooring, the will have to. satisfy himself as to this safe span length, 


For in instance, if 1 = 4 ft, will be 3.5 lb. 

a 


truss weights were readily obtained by a method presented” by the 
‘write in 1935. 5. In cantilever bridges* they were the properly 
adjusted “average weights for the entire structure, namely, one ‘suspended 


- span, two cantilever arms, and two anchor arms, the metal in anchorages — 


and on piers being omitted j 


originally that the computed truss weights would 


require correction to cover the effect of ‘wind loading upon the sectional 


areas of certain bottom- chord ‘members’ for . the various floorings, except 
the “standard” type, in which this effect had already been included. — Such 
was found not to be the case for the simple- truss spans with the 45- ft, clear 4 
an roadway; but it held true for the simple- truss spans with the 20- ft, ‘clear road- 
4 way, and for all cantilever spans. 
‘These corrections were determined by reference to several actual bridges 
4 designed with “standard? floorings, in which the wind loads had increased — 
some of the bottom-chord sections, - The weight of extra metal that would 
ob be required to care for the wind loading, if the dead load were reduced by 
a using the ‘lightest all the floorings, was also” computed. Cases of both 
aol wide and narrow roadways, involving both carbon steel and silicon steel, were 
selected ; and enough of them were introduced to render this method of 
A Siienibiiedonn’ for wind loading perfectly satisfactory. The corrections for inter- 


mediate floorings were interpolated by proportionate weights per square » foot 
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Pe Were it not for the aforementioned feature of correction for the effects of 
wind loading, the comparative | economics of the various types of flooring » 
ae might b have been assumed as constant for all widths of roadway; but, unfortu- _ 
- ‘nately, this feature is much more potent for narrow roadways than for wide r, 
ones; hence, the writer deemed it advisable to prepare the curves in ‘Figs. 5 
to 8, inclusive, in order to cover highway bridges of 20-ft clear roadway. ae 
The t methods of calculation used were the same as those for the structures of 
the 45-ft clear roadway, except only that carbon-steel floor systems ~ bo 


Ls adopted i in otherwise silicon-steel bridges for Figs. 6 and 7 and carbon-steel * 
at stringers with silicon-steel cross-girders for Fig. 8, and that the pound Prices 
for metal erected were duly adjusted for the mixed steels, _ Proper cognizance — 
Ay taken ¢ of the increased weights of metal floor systems due to the 


i. necessary spreading of trusses in long-span, narrow- roadway bridges, in order 


following unit prices of steel, erected, were e adopted as ‘Tepresenting 


the average current values at Kansas City, including : a proper profit to the 


contractor, for bridges with the “standard” floorin 


Simple- -truss structures of carbon steel.. 5 cts per gt 
Simple-truss_ structures of silicon ets per 


he mixed steels used in computing the curves of Fi igs. 3 per 


7 average unit prices for bridges with the “standard” flooring ranged uni- 
_formly from 5.4 cts at 150- ft spans, to 5.7 ets at 600- ft | spans; and for those 
used in computing the curves of Fig. 5, they ranged from 6.65 cts at 500-ft — 

openings to 6.85 cts at 1200-ft main openings. 


structures with decks lighter than the “standard,” a correction in 
a ‘the 1 unit prices of the metal work was made, ‘because, as the weight | of metal e 


‘in a structure is reduced, its pound price, erected, will increase. This 
was effected by means of the 


in which w = the weight of metal, in pounds per linear foot, in the bridge _ : 
with the helen deck; w’ = the weight of metal, in pounds | per linear foot, ue 


in the bridge with the lighter the unit cost of metal, erected, in 


a déteruiinting the costs for substructures, it seemed desirable to make 


a distinction between the assumed profiles of crossings for simple-truss 


“structures and those for cantilever structures. Generally, the grade is 


as 
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HIGHWAY-BRIDGE FLOORINGS 


— in ner than in the latter, and the depths: below ‘the wi water- 


of the shafts was taken at and the height of the pneumatic 
hen at 50 ft, whereas, for the cantilever bridges, both the shafts and the bases 


assumed to be 84 ft highe 
The all- around batter anaes for all piers ¥ was as 4 in. to the foot. Dumb 


of their economy in materials and 

. For the simple-truss bridges, 

with roadways, two separate 
bases were assumed; but for the 

= bridges with | 20- -ft roadways, and 

for all ‘cantilever structures, ‘single 
bases were adopted. ~The reason for 

tures is there would probably 

es. be no great pecuniary advantage i in 

dividing them; and their use in in 

is generally called for because of location over navigable streams. 

where the bed-rock is deep, and where, consequently, the sinking of —_- 

would be expensive per unit of volume. 

Inc computing the costs per linear foot for the substructures of 


truss bridges, the total value of one pier was estimated, and the amount 


sé _ was divided by the distance between pier centers; whereas in the case of 
3 cantilever bridges, the total value of a main pier was divided by one-half te 
length of the main opening plus one-half that of one anchor arm. This” 5 
method | assumes that one-half of each § anchor arm pertains — entirely to its 
_ anchor pier. As the design for any anchorage © varies greatly with the 
} foundation conditions, it is not advisable to assume the latter, but, instead, 1 
to ) designate the cost per | linear foot t of the substructure the amount computed 


the value of one main ‘pier, as previously described. this: is 
- stritly exact, no harm can be done » because all the competitive pia per 


the m masses of in the shafts and walls and in ‘the pneumatic 
4 bases of piers, the following unit prices were adopted for structures with > 


Shafts and walls 


am ete 
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For structures with decks lighter than those of the “standard” flooring, 
@ correction in substructure unit prices was applied, as in the case of super- oy 


structure the ‘size the the unit prices 
of shafts, wall, and bases will increase. This correction Was made by 


ae which V = total vobaune « of ‘shafts, wall, and base or bases, in pier with ; 

heavier deck; wv= total volume of shafts, wall, and base or bases, in pier 
with lighter deck ; C= one of the substructure unit prices es for | pier with , 

heavier deck; and, c” = the corresponding substructure unit price for pier | 


In respect to the application of the unit-p -price generic factor, 


=. 
o 


ie other words, these factors do not function: from diagram t to > diagram or 
from span length to span length, but only, in each diagram and for each — 


length, between the “standard” flooring and the other floorings. hme ar 


Pier 


Ing pier designing, all steel pedestals were made square ; and, in simple- a 


“truss structures, 6 in. clear were left between them. In these designs from a 
- the edge of a any pedestal base- plate to the edge « of the masonry, a ‘niniwen 
= of 9 in. was allowed. The heavier of the two similar piers was first 
designed and estimated, and then the dimensions were reduced (always exactly — 
and in like manner) to “agree” with the “lighter superimposed load on ‘the 
pedestal or pedestals. The interpolation of pier costs for the other types of 
flooring was | done with due reference to the © superimposed loads is and t to the 
varying unit-prices of materials in place. ‘ade. 
_ For convenience, all piers were assumed to rest on solid rock, Had pile | : 
. foundations been adopted, a still more economic showing would “have been 
indicated for the ‘light “floorings. In computing volumes of shafts, 
formula method was used but for the walls, the 
simpler method of averaging end areas was deemed to be sufficiently accu- 
rate. The | permissible load concrete under pedestals was, taken : at 600 Ib 
-~iper sq in., according to the latest standard specifications of the American _ 
Association of State Highway Officials. — 


Errect or Pie Fourpamions > 


, has been stated that, had ‘pile. foundations — adopted instead of © 
those of solid rock, a better showing would have been made for the lighter — & 


floorings. ‘For ex xample, consider a foundation with ft, large-diameter, 
timber, frictio 


- the bas base being $1.00, and the cost per 
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GHWAY- BRIDGE 1 FL OORINGS~ 
“(lace by a steel ool dam) being $20. costs of ‘the two pel 


2 


“et open- grate floorings, are $98.44 ‘and $82. 20, seupectively, indicating a an odeuans? 
stage of 16.5% in the substructure for the lightest flooring when compared with . 
ed the “standard. ” The longer the span 1 the greater would be this percentage of 

advantage. The corresponding percentage for piers resting on bed-rock j 
14.5%, showing the lightest flooring is only a little, if any, more 
economical with pile foundations than with rock foundations. 


Before proceeding to how to use ‘the cost curves for actual cages 
of competition, it is necessary to indicate how to deal with any excess weight -) 
metal per linear foot of span, as compared with the allowance ‘therefor 
recorded in Table 1. If a competitor has a flooring thin that it is 
- strong enough properly to carry over a 5-ft stringer- spacing, it will be , 
ia necessary, previously indicated, to ‘put either additional stringers, or 

small transverse beams, thus adding a number of pounds (n) per 
foot to the total load to be carried. It is then to add to 


the cost of the floor the product of n by the poun nd price of the metal erected, a 


so 


60 
and to include the extra — of the metal per square foot of floor when - 


is 1 the curves accompanying this paper are ‘recorded ‘the computed 
costs (including substructure, trusses, lateral systems, and floor system) per 
foot of structure, for the various types of bridges and the floorings 
listed in Table 1. As can be seen from these diagrams, the simple- truss 
*% ‘spans vary from 150 ft to 600 ft in in length, and the ‘Type A cantilever spans 


from 500 ft to 1200 ft of main opening, . all measured from center to ‘center = | 


On the lowest three curves of each ‘diagram there is noted the weight of. 


extra floor metal resulting from ‘close stringer spacing or small cross- -beams, 


as assumed in Table 1, as well as the weights of the flooring itself, because 4 


the trusses and substructure were designed to carry - the weight of this extra 
metal These three curves, therefore, should be as ‘representing 


floors weighing 53.5 lb, 49 Ib, and 27 Ib per sq ft. 


C Cantilevers. —The curves for the Type A { cantilever bridges 


ean be used for Type C cantilever bridges by multiplying the main - opening , 


rere = 

oof the latter by 148,000 


LA MerHop or ComPuTiNe THE TOTAL Costs OF A Srrucrure 


4 


have in the text to the fact that the several di 
en record partial costs of bridges per linear foot of ‘structure, and it was eA - 
indicated that the curves covered only the cost of the substructure and that a a 
... the trusses, lateral system, and floor system upon the basis of a oh i 
spacing of floor ‘stringers. In order to find the total cost per linear foot for a BS 
case, there be added to ‘te data given in the the costs 
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HGHWAY- BRIDGE FLOORINGS 


linear foot The flooring between curbs; (b) a: any ny extra 


gt the unit price, erected, of the metal for the entire bridge; or, (c) the _ 


cross-girders that rest on on the stringers, worth in place only 4 cts per Ib; 


(d) the steel guard- rails: or the reinforced concrete curbs, as as the case 


= 


— ADDITIONAL , Costs or Structures, DaTA FROM THE 
Qurves, ror Finpine Toran Unir Costs 


Costs of flooring Costs per linear 7 giving total 
perlinear foot of extra | Costs per linear foot of extra costs 


“ 
Types of flooring per linear 
ypes of fl of metal in curbs or guard-rails aaa! 


Dara to Scpruement Fras. 1 To 4, IncLusive, ror Wive Hienway Brivces 


J $2.00 + $2.00 = $4.00 
+ 2.00 = 3.60 


2.00 + 2.00 = 4.00 


— 3.00 + — = 5.00 


280+ 2.00 = 4.80 
steel bridges... .| = $8.10 2.00 + 2.00 = 
truss bridges ft. @ 21 ets. 


_ silicon steel . . $58. = $9.45 


4 45 ft. @ $1.30 45 ft. @ 24.5 cts. 


45 ft. @ $1. 1.40 ft. a: 36 cts. 


(6) Data ‘To § 


None 1.60 +. = 3.60 
40 


a steel bridges. . 

50-Ib in simple- 

20 ft. $1. 30 

soins in cantilever 

bridges of silicon 20 ft. @ $1. 


‘These ‘additional highway bridges for the flooring types 
the unit prices given in | Table are presented in Table 2(a). These 
of wide highway bridges. The corresponding data for narrow highway ae 
supplement Fig 5 to 8 8, iven in Table 2(b). DEE to 


ten will ‘supplement Figs. 1 to 4, inclusive, for finding the total unit a 


wos 
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rq 
r Standard......... ft = 
so 
88.6000 q 
Standard 20 ft. 80 cts. 
so 
$1.50 | | = 5.00 | 35.00 yo 
“a 39.20 oq 4 
a 
a 
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_ Assume, for example, that an engineer is contemplating + the - building of 
“a 


r a four- -lane, Type A, cantilever bridge, having a main opening | of 750 ft, 


as and tw two 5-ft sidewalks, and that he intends using a solid flooring. ‘Two 
types « of floor have been shown him, one by Mr. Smith and another. by 
Mr. Jones. Either type would be satisfactory; hence, his choice is 


The flooring offered by Mr. Smith is 3 in. thick, weighs 58 Ib y per sq ft 


; and costs $1.23 per sq ft in place; but it has a superior limit of only 4 ft 


between supporting» girders, necessitating 3.5 Ib of extra met tal per square 
foot of floor, worth 7 cts per lb in place. 


ae The flooring shown by Mr. Jones, is 2} in . thick, weighs 45 Ib per §q ft, 

webs costs $1.18 per sq. ft in place; but it requires, for a stringer | spacing of 

5 ft, small transverse I- beams, which he iat claims will weigh only 8 Ib, and 

cost only 32 cts per sq 1 ft of floor. 

4 Mr Smith’s Case.—Turning to Fig. . and interpolating for 58 + L385 


= 61.5-lb flooring, the “partial cost’ ” indicated is lin ft of bridge. 


The remaining cost ] per linear foot is found thus: 


Flooring, 45 ft @ $1.23. 
Extra metal i in floor system, x 3: ‘= = 188 Ib 7 cts 


uy in 


Case.—Turning to Fig. 4, and interpolating for 45 + = Ib thi 

flooring, the “partial cost” indicated is $666 per lin. ft. bing remaining cost 7? 


Flooring, 45 45 ft @ $1.18. $88 10 

Extra metal in floor system, = 360 lb worth 


8.8 


“i 


— 
4 


To assume another case—a succession of wide, simple-truss, carbon- yg 
spans of ft each Brown thinks he can compete with the 
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an by quoting a price of $1.30 per sq ft of floor for his type of fl 
which is ed in. thick and weighs 50 lb per sq ft. It requires a 4- ft spacing 
d stringers, necessitating 3.5 lb per sq ft of extra metal for stringers, worth ; 
per I Ibi in place—the same as the 50-lb flooring i 
s 


Turning Fig. the “ “partial, cost” for 50 53.5-Ib- flooring is 
; und to be $343.50. x The remaining cost per linear foot is found thus: __ 


Flooring, 45 ft @ $1. 30. 
‘Extra metal, 45 X 3.5 = = 158 Ib @ 5 cts. 90 


Total cost with Mr. Brown’s flooring 450 
For the ‘flooring, Fig. indicates a partial i: 


es a remaining ate as. 


the total ‘cost with “standard’ ’ flooring 412.80 
r. Brown, consequently, does not secure the contract. 8H » yeaa “en” 
The following is iesteation of how to apply ‘the diagrams to 
< comparison of the economics of an open-grate flooring and the ‘ “standard”: 
flooring: An n engineer has a 4 -lane, simple- “truss, silicon- steel, highway bridge, 7 


with a succession of 380-ft spans and double, 5-ft sidewalks, to design : and 7 
Send and desires to know what percentage of saving in cost can be obtained B . 


means of an open-grate flooring which the longitudinal pieces, in. 


it thick. The best quotation he can secure for the flooring is $1. 50 per sq ft 

in ‘place. The open-grate flooring, of course, will be the criterion to use; 

but, as previously indicated, the thickness of f the longitudinal pieces adopted — "7 
for this type in Table 1 was te in. The increased thickness adds 2 lb per Z 
a ft of floor to the dead load, but ‘reduces: the weight of the Special cross-— = 
- girders from 12 Ib to u lb per ‘4. ft, thus: making the net increase in total _ 

a 


1 per sq ft, or 45 per | lin. of span. Turning | to 2 the 


-grate (for 17 + 28 
Table 2(a) gives for the remaining Cost standard 
the total | cost for the bridge with ‘standard flooring, 
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ie grate structure the cost is found thus: 
te Extra metal in floor system, 11 x 45 = 495 Ib @ 4cts...... 19.80 


partial cost from Fig. 


he The ratio of ‘costs, therefore, will = 0.987. saving q 


“will b be 1. 3 per. per cent. hy 


h inves 


in adopting the light floorings, open- grate ‘flooring, be- 
- cause the economy involved is not confined (as in fixed spans) to the floor 
‘2 system and the > trusses, but extends | to the cables with their r connections, the 
counterweights, the sheaves with their bearings, the. towers, the onthe. 
operating machinery in vertical- lift bridges and bascules, and to numerous 


other parts of bascule bridges— —all in addition to the saving ng in cost 

In the past, , almost: all bascule ‘spans have, been designed with light 

first of timber (which is most objectionable because of fire risk) ‘and, 
later, of some patented _ type of thin flooring; ae many vertical- lift spans 


have had ordinary flooring of reinforced concrete; and the weight of this 
‘flooring constitutes a considerable portion of the total load to be raised and i 


open- grate ‘flooring has ar an ‘advantage for spans, 
: ue shared by no other type of flooring: When the span is being raised or lowered, ; 


al 


the force the wind blowing through the grating largely reduces the 
_—-pressure aga against the floor, thus lessening ‘materially, under certain extreme 
- conditions of operation, the quantity of apigl required to raise or to lower 
The open-grate has a characteristic that is of considerable 
iF economic importance in vertical- lift bridges—it does not have a tendency to 
collect snow or ice. Therefore, the customary excess- -load allowance for snow 
a ice of 5 lb. per sq. ft of floor in ‘such structures s may safely be reduced, — 
thus effecting quite a saving in total cost of structure and of the operating — 
machinery, in addition, of course, to tl the numerous economies from the 
reduced weight | of the flooring itself. rte 


ana combination of all these savings by the open- grate flooring on both 
d bascule spans is 80 o large, in comparison with the cp of 
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HIGHWAY-BR BRIDGE 


light floorings on movable spans; . but at some time in the future j it a 


“In view of intensive Walled highway 
- structures to relieve the congestion of traffic in metropolitan centers, i ‘ 
writer has been urged to treat the economy of floors on such structures. 
a general, such structures are ‘composed essentially | of short spans, and = 
? are similar in layout to elevated railways in cities and to ordinary trestles. __ 
Tn such cases there is is absolutely no economic a advantage in lightening the 
floor by increasing, materially, its cost per ‘square foot. _ The usual thick, 
-teinforced concrete flooring, therefore, i is the best type to adopt for both 


‘ economy and rigidity, providing the matter of lateral skidding 


flooring might be economical on these longer ‘spans. 


Suspension Brinces 


The economics of various of flooring for suspension bridges may 


e would seem 


uld be to adopt the open grate and provide a substantial lateral 

system near the plane of the deck. 
Baa A study of Figs. 4 and 8, in conjunction with Table 9 , Should con- 

any one that heavy floorings are always uneconomical in | cantilever 


ie bridges, and that the open-grate flooring is specially economical for this type. if 


It is conceded that a thick, solid flooring on the anchor arms would reduce 


> he uplifts ¢ at the anchorages, and thus effect a saving in the truss weights 

of cantilever bridges, as. well as in the cost of the flooring itself; but such 
ie saving would not be as great as the gain from the reduced dead loads on 
the entire main span caused by the open-grate, which reduction affects favor- ; 
ee ably all the trusses in the suspended span, the cantilever arms, and the 
_ anchor arms. It is true that the open grating could be used on the main 
aan, and the heavy flooring on the anchor arms ; but | the hybrid deck thus 


produced would be objectionable from the esthetic viewpoint, and, possibly, 


Iso f 
= 


“null and void the service of the cost-curve diagrams; but such is $ no 
‘Means nathan case, | because the relativity of the results will still hold good, and 
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the | comparisons economics will” remain reliable, in spite of any such 
changes. It i is true that the unit prices for superstructure and those for sub- 
Structure: do not always in the same proportion; but eventually they 


urves 


es been made concerning the superiority, | or the contrary, of any ms 

patented flooring; the problem investigated is solely one of economics, A 
- eonsistent effort has been made to avoid advocating “special interests,” with <a 
the understanding that discussers, likewise, v will confine their to the 
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DISCUSSION 
Jones? AM. Soc. C. E. (by letter).—It s should only 
, phasize the high regard in which the writer holds this paper, to state that — 
value will ultimately lie ‘more. in the ‘method of. ‘approa ach analysis. 
which it sets forth. than in its statistical data. To the writer, it seems 
impossible to. generalize ize the problem sc so that the ur unit costs involved will 
4 lie in the same pattern to-morrow as to- o-day; even the basic assumption 
that unit costs of flooring will be somewhat in inverse ratio to their unit 


Furthermore, all the factors that have been carefully analyzed in | 


paper for # the e general, may not enter into the particular, case. The most 

P interesting case in which, within the writer 's knowledge, the designing 
engineer erred in selecting a light-weight and expensive floor, involved 
several narrow 210- ft truss spans on adequate old Piers. cost of the 
“piers, therefore, w: was not a factor i in the problem, and to that extent : at 
least. the application of Fig. 5 would have been in error. Had the design-— 
engineer, however, applied the logic of the author’s- method to” ‘those 

ye factors which did exist in his problem, and to the unit costs 

¥ — foresee at his location, he would inevitably have found that he would mon 
saved several thousand dollars by adopting a “standard” or even a “super. 


ped relationship between 4 cts per lb for secondary joists and 

or more for an added stringer, would similarly be debatable in a give 

From such considerations comes the writer’s: feeling that, although the 

~ method herein given is ‘invaluable, the: most exact data should | be applied 

to each particular case, and the author’ s data should be considered a: 

ie important effect of a variation in the data m may be demonstrated by 

reference to Table 3. Using the author’s unit costs, the minimum simple 

- Span at which the “standard” and the “50-lb” floor will be of equal cost 
is shown in Table 3(a); and in Table 3(b) these e spans are re-calculated on — 

the hypothesis that the cost of the “S0- Ib” floor has been reduced from $1.30 _ 

There’ two generalizations ns in the paper toward \ which ‘the writer 

"would suggest considerable caution ; these are found under the 

Bridges.” With respect: to suspension bridges it stated 

eter the flocting the less will be the first cost the structure.” 
The first requirement i in approaching the design of any suspension bridge 
d is to place am maximum limit. on its flexibility, or deformation under partial : 

live load. The weight of the flooring, and the consequent weight of the 
cables, have an important influence on stiffness, Granted that the | design 
been 1 established as just adequately stiff, using “standard” floor, 
4 then, if it is decided to use a lighter flooring and less wire in the cables, = 


“Nite *Chf. Engr., Fabricated Steel Constr., Bethlehem Steel Co., Bethlehem, Pa. 
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w that the | structure exceeds the pre- -determined limit of flexibil- 
Bn and ht stiffening trusses will have to be increased in section or depth, A 
oF both, to restore the rigidity that has been taken out. ‘Some, at least, 


of the money saved on cables” ‘and other main structure, 


TABLE 3.—Errecr OF A “Variation IN ‘Dara, IN THE Case oF 


Carbon | Silicon | Carbon 


@ Grama oF Coser, tan Avrnon’ 8 


$19.60 | $19.60 $39.60 | $30.60 

| Difference. $14.60 | $15.20 | $31.60 | $92.5 

5 | Read the span length of equal cost, in feet................ i. 300 380 | 270 | 885 ah 


+ (6) Spans or Equat Cost, 1r Cost or THe 50-Pounp Fioor Is Repucep From $1.30 To $1.15 pen 


a Difference is less than Item No. $3.00 $3.00 $6.75 $6.75 


iz New difference (Item No. 3 less than Item No. 6).........| $11.60 | $12.20 $24. 85 | $26.20 if { 
8 | Span length of equal cost, in 320 | 


_ With respect to cantilevers, the writer ns not see the objection, from 
the esthetic viewpoint, in using the heavier flooring on part or on all 


the anchor arms. The change from the slab floor of the approaches to 


seems to be no Treason not to make it where it will: beneficial. 
The prevention 01 or, at all e events, the . minimizing, of live load reversal — 
on the main truss-to-anchorage pins is proving to be extremely desirable on 
old cantilevers, | even if it calls for longer anchor arms than former prac 
tice favored; to augment ‘the downward force at this point by the use of 
heavy flooring on the anchor arms seems much more important than the vg 


_ This paper is a most important contribution to one of the livest topics, — 


from a money standpoint, now before the structural engineer, and thanks 


are due to Mr. Waddell for the effort expended upon it. sagen val 7 alae 

Heyry C Tammen,* M. AM. Soc. C. E. letter). —In view of the 
many “new developments in light-w weight highway- bridge floorings during 
vebeest years and the interest of engineers in oem floorings as evidenced Ped 
by their increasing use, this paper is very timely. It should be material 


help in the analysis of the economics of such flooring. 
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_ The author develops the relative economy of two floorings by the om ) 
sede of sums composed of on items: (1) The construction cost of the .. 
facing and of certain special floor parts affected by the flooring design ; -_ 
and (2) the construction» cost of the remainder of the and 
For any flooring the amount of the first item (the cost of the flooring 
and certain special parts, shown in Table 2) is to be determined by each 
engineer for himself. It is to be expected that, for the same flooring 
and for the same structure, different engineers will reach somewhat differ- 
results. This might follow from variations in the design ‘procedure 
(which is not yet standardized for many of the floorings); from variations i 
in fastenings of which there are 


nesses ; 3; or from other causes. Some ‘engineers s will find it difficult to 
accept thicknesses of 4 to ¥ in., or even less, as proper for a primary 
element carrying heavy loads such as a flooring, after having thought and 
worked for years with such members in terms of >; in. and 2 in., or even | 
greater thicknesses. The question will arise as to whether such thick- 
“nesses: be considered ‘satisfactory at all, and also, whether a non- 
‘corrosive coating should be applied to the metal or whe ther the safe life | 
’ of the flooring making use of such thicknesses should not be considered veer 
much less than ‘that of, | say, ‘the standard flooring. 
To give a true “economic comparison between 
writer would consider it proper to add to the flooring costs suitable amounts — 
to “cover an allowance for amortization of the flooring | cost in cases where 
the safe life cannot be taken the same for the several floorings being com- — 
pared. Similar allowances should properly be made also for differences in 
anticipated maintenance costs, including painting, ‘snow removal (where 
applicable), and « other maintenance items. ‘For open- -grate floorings, the 
average annual maintenance painting cost may be in excess of 1 ct per sq 
ft, requiring the annual interest on an investment of 2 20 or 25 ct per 
sq ft, or more. For. light- weight - floorings having only a flat-bottom steel 
— surface to be painted. the cost will be only a fraction of the foregoing — 
values, whereas for conerete floorings cost disappears. Clearly the 
capitalized ‘maintenance costs vary substantially with the flooring 
type and may require "consideration in any determination of comparative 
economy of several floorings. 
With reference to the costs’ making up the second item (shown in Figs. 
4 gs to 8) there should be no question regarding the portion of this cost 
which ‘Tepresents- the superstructure. The superstructure cost is quite 
definite for each span length and, without doubt, the author’s determina- 
- tion of it is as accurate as can reasonably — be made. | However, there may 


be material variations for ‘different structures in the portion of this cost 
which represents the substructure. 


Inspection of the cost curves for simple spans shows that minimum pt 
‘costs are found for spans | between 200 ft and 300 ft for the various types 


of floor, for various roadway ‘widths. | Clearly, these are the ec economic ‘span b a 
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— the author. actual structures, the | span 
: - lengths in general conform closely to the economic, it would follow that for 
_ such economic structures the substructure costs and the saving effected — 
the us use of lighter ‘floorings which would result the use of the 


7 - for greater spans. “al This applies also to the cost curves for cantilever spans 
where the several ct curves show minimum costs for spans between 700 ft 
at In arriving | at his substructure quantities, . the author has used increas- 
ingly smaller piers with the lighter flooring. Many times the conditions 
are such that the pier shafts and, more sizes which 
- would be adopted for for ‘standard concrete flooring are minimum sizes t to a 


& 


a 
= 
> 
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* = 
at Average Weight of Two Fixed Spans, in Millions of 
“Fig. 11. IN Cost oF ConverTING Two FIxE 
etl] SPANS OF DIFFERENT WEIGHTS INTO VERTICAL SPANS. 


stability. for the dead, live, wind, water, ice, and other load - conditions for 


which provision must be made, —_ would not be decreased even if a 
make the cost data n ‘more "generally useful in the analysis for struec- 
tures with foundation conditions” varying from those assumed 
paper, it would helpful ‘if the superstructure and substructure costs 
could be separated, and it is hoped that the author will find it possible 
this inférmation in his closing discussion. 


writer has been particularly interested in 
with reference to economy of light- -weight floors on _ movable spans. | He 

had occasion to make use of light-weight foors many times on such 
ures. The earlier applications on vertical Tift spans involved merely 


se 2 of a light- weight aggregate in the concrete floor- slabs, these | slabs 
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being supported on closely spaced cross-beams to slab thicknesses 
toa minimum. Even with the limited weight reduction practicable by 
his means, it was found possible with economy to ship such light-weight — 
aggregate from its point of production in Kansas City, Mo., as far as 
‘San Francisco, Calif., and Canada, and in the latter case also to pay a duty 
rz Some years ago, the writer prepared estimates of quantities and costs te 
for a group of vertical lift spans; from these he determined the cost of . 
an ordinary fixed span into a vertical lift span and, finally, the 
- increase or decrease in this conversion cost resulting from an increase or _ 
decrease of 1. in the weight of the fixed span. ‘The results, -Tevised to. 
conform to present “design practice, are shown in Fig. 11 
form for use. They are based on towers with inclined rear legs supported __ 
truss approach ‘spans and on the conventional method of operation, 
with the machinery at the middle of the lift span, but should apply very | te 


to spans with “tower drives’ The make- up of the total 


cost, in cents, for Point a, Fig. 11, is as follows: 


Tower ar and span metal 0.327 Ib @ a 135 


Counter- er-weights 1.153 lb @ 1.0 ct x 0.75 = 
Tower: sheaves, shafts, and bearings 0.111 Ib @ 15.0 ct x 0.75 =1. 25 
Rope es 0,044 Ib @ 20.0 et xX 0.75 = 0.66 
Balance chains 0.052 Ib @ 8.0 et x 0.15: 
Operating machinery 0.028 Ib @ 20.0 et xX =042 


The unit prices were cused for all other po points. factor, 0.75, 


plied by the “cost: from the curves, 1 


total cost saving in the movable span by use of the lighter 
of the two floorings under consideration. 
Referring to. Fig. the average weight of two fixed spans may be 
ae, as in which A is the weight of the heavier fixed me 
. and B is the e weight of the lighter of the two. Similarly, the total differ- 4 
in cost may be "expressed as (A - B) in w which Ce is the cost per 
- pound, taken from the curves of Fig. 11. The costs given by these curves 
include only the superstructure, and the savings shown by them for light- 
- weight floorings ar are in addition to any savings for fixed spans that may be 7 
_ shown in the analysis presented by the 2 wuthor. 
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. en by the author which means that any reduction or increase in cost = = = = 
| Iting from a change in quantity of an item is calculated by assuming 7 “— ie 
a that the quantity change takes a unit price equal to three-fourths that ee ae 
_ §j for the original quantity. In making a comparison of lift-span costs for o§ ii 
_ §f two floorings, enter the curves with the average weight of the fixed spans £m 
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Fig, indicates ‘clearly the value of light weight in the 
of a vertical lift span. — The economy in a bascule span by use of light- “weight — 
flooring, in general, will be somewhat less than on vertical lift spans, 
a to the absence of ropes and to the fact that the dead weight of .. 
span a and counterweights has only a a minor effect on the operating machina: 
and power requirements. The latter are determined largely by the wind . 
Toads, . The saving in counterweight cost” on b bascules by the use of Tight 
fiooring, | on the contrary, may be several times that for lift spans, duet 
an increased ratio of counterweight weight to span weight and, frequently, 

also to a reduction in the unit weight of -counterweights. The conditions 
for bascule spans are so variable that it is not practicable to show, by 
curves, the effects of weight changes in the span. = © 
Mun 22 McCuintoc 5 Esq “(by let ter). —Shortl after the first inst 

ILLER Mc Q. (by y stallment 

A Wash., the w writer, attracted by. of such light- weight constrn 
tion for the decking of elevated, limited- -way, structures, vetoed Seattle and 

On sil basis 


tion of this type light. weight flooring ‘made it reduce the 
of various structural units and resulted in substantially lowering the esti- 
_ mated unit costs. The cost clement, however, although important, was not 
the ; main factor which justified the recommendation. The writer was ‘secking . 
y a flooring completely flat in character and without. pitch or crown for the 
Purpose of improving the riding characteristics of the structure, To obtain 


-. such a flooring, it was necessary to design a decking which would be self- 


‘off added e economy self-s1 -snow-cleansing wee not 

~ wit: A further very important estas tin found in the capacity of this open 
 steel- mesh flooring to pass a substantial percentage of normal light and air. oe 
view of the fact that many of ‘elevated limited way 


ry 4 


should have substantial upon fature designs of bridges and similar 
types of structures. There appears to be a particular need ‘to obtain a 


4 simpler and less expensive | type of construction for the thousands of in 


erossing separations which will be rec required i in the near future. vo 


_ § Director, Bureau for Street Traffic Research, Harvard Univ., Cambridge, Mass. 
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useful paper dian out many pointe of interest to the bridge and struc- 
tural engineer, and emphasizes fact that the the floor, 


where the saving in weight of the floor-slab is offset 
a sacrifice of lateral stiffness and rigidity of the structure. 
Be. All forms of solid floor construction, whether of concrete or steel, 
a combination of both, form a horizontal girder eapable of taking 
absorbing a large percentage of the lateral stresses ; this attribute is 
All standard bridge specifications all for ‘a specified 3-in. minimum 
a thickness of material, even for lacing- bars and redundant members, and 
only permit less thickness for lining and filling vacant spaces. 
. » In 1900, the author presented" specifications for steel highway bridges 
_ which read as follows: No metal less than 3 of an inch in thickness 
shall be used, except for filling plates; and in important bridges 
limit shall be increased to } of an inch.” Even with modern bridge steel, oy 
corrosion is still an important problem, and leaves only a 
factor for permanent strength on any . member. 
itt would be advisable, therefore, to design an oF open- “grate floor to meet 


tumber of Pieces: floor system and their well. 


Whether it. is of masonry or solid ‘the floor- slab is 
- structural member of major importance; it receives not only the maximum 
Generar wheel loads, but a greater percentage of impact than any 
other member in the bridge, and, in addition, is subject to abrasion or _ 
On long-span bridges, each pound per square foot saved in the dead 
load of the floor becomes an important factor. Savings, therefore, of as_ 
_ much as 50% of the weight of the standard type of floor would effect — Thos 
economies without undue sacrifice of stiffness and rigidity. To reduce the 
weight of the floor to only 25% of the standard, heater; could — 
a sacrifice, of these important requirements. 


C. Cator Mora,® Ese. (by | letter) .—In a course of bridge design for civil 


students this paper is indeed a useful one, ‘it is: 
= adapted to the practical use of the bridge designer. — The ‘most 


iee- Pres., Director, and Chf. Engr., Belmont Iron Works, Philadelphia, Pa. 
"ad, Dept. of Civ. Eng., Univ. of Puerto ‘mm M 
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tions from the basic. no but that, 
in order to. obtain the partial unit- t-cost « curves of the paper, an enormous mass 


make Table 2 is a d computing total 
cost of structure per linear foot. ‘oo 
— This paper, similar to that - entitled, “Weights of Metal in Steel Trusses”, 
: by the same author, constitutes a creditable contribution to technical litera. 
‘ ture in the economics engineering. 
Fow Assoc. M. Am. Soc. C. E. —The 
7 of designing highway bridge floors has been attracting increasing attention 
ome _ engineers during recent years, and the importance of this phase of 
‘construction is attested by the ‘number and variety of flodrs intro 
ine duced during the last decade. To the best of the writer’ ’s information, 
this” paper ‘represents the first public attempt correlate the knowledge 
x relating to the various types of floors. and to present it in a rational manner. 
_ The curves and data presented by the author should prove java 
as a means of making rapid comparisons between v various types of floors i in a | 
preliminary: study. The v writer has made : some studies of typical 
with “standard flooring ” and the pier heights assumed in the ‘paper, and 
he finds a close check with the values presented by author. However, 
if. slightly different. ‘assumptions are made for the pier heights, results are 
obtained which depart rather widely — from the costs indicated by the curves — 
of f partial unit “costs. Because of fact, the writer 4 feels that these 
“curv es could be made » much more valuable and easi understand if the 
items of superstructure costs were separated from substructure costs. Sub- 
structures are usually a special problem for every bridge location, and the 


oll writer has | never yet been able to set up curves or r tables sufficiently com: 


prehensive to be very useful in such .. 
The uestion of superstructur ] r adil to 
The q uperstru costs ends its elf much more readily 
standardization. Many engineers prepare their preliminary. studies of a 
_ particular bridge structure by making parallel estimates of the superstruc: 
ture from ¢ curves or tables, and of the substructure from: special | dies : 
adapted to. ‘the location; and then they assemble the results in various 
combinations to the most economical arrangement. For this 


reason, the aforementioned pee of data would be very useful. 


economies of first cost that the author has concerned himself po to that 
of the ‘problem he has confined his paper. ery definitely, he states 


” 
in his “ ‘Introduction ” ” that he is “ ignoring all claims for super cry 


— 


* Transactions, Am. Soc. C. E., Vol. 101 (1936). p 
Office Engr., Black & Veatch, Kansas City, Mo. vey 
«With 


uf striking characteristic of the paper 1s 1ts accurateness and completeness, All and 
— x possible factors that may cause a change of metal weights in the trusses and [| voc 
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in his closing paragraph, warns the discussers of the paper against ad- 
-yocating “ special interests.” All this is right and proper and the author 


has done thorough job of giving the profession valuable 
: fe* The problem of choice of floor still remains and the duty of the | engineer + 
is to solve it by balancing the first cost of the various types against their 
desirability. This” involves a knowledge of relative: costs determined 
the curves and tables of the _ paper and also an appreciation of the: values _ 


— for ‘solving: first cost as ‘the members of the profession have had mietiver 
to them for many nany years. — Tf the ‘economics of first cost were the ul t 
sve to the problem of designing bridges, the consideration of such er > : 
paper would be a matter for a convention of purchasing agents and would fa 
not be worthy o of the efforts body of engineers. pore 
‘The curves and tables are only part of the necessary and 
must be used in co mbination v with _ other tools in order to shape the 
materials entering into the design problem into a product commensurate 
with the reputation of the engineer. The consideration of this | larger 
problem of the “ Ultimate Economics | of Highway Bridge Floors” is quite — 
worthy of the efforts of the profession. — dit should not be hampered by the — 
limitations of © mathematics in the discussion, but the merits and short- 
of all the various | types of floors in common should be 
viewed; the factors which lead to desirable features as well as those which _ st 
: produce undesirable results should be listed; and conclusions should be 


drawn concerning the attributes of perfect floor. 
That 1 there a: are defects in all the types of ‘floves ander discussion is well 


_ known to all bridge engineers. — The heavier concrete floors are liable to | 
surface | abrasion, becoming ro rough and requiring 1 re- re-surfacing. It | is cae. 7 
keep them from developing cracks due to negative bending, thereby 

- lowing percolation of water to the ) supporting steel, and causin — 


places” difficult to inspect and repair. The lighter. concrete oors, con- 


taining aggregate of lesser weight, relieve the load on the supporting struc- e 
ture, but are e still less abrasion-t resistant than the heavier types. The 
filled- grid types. are subject | to abrasion, and are still lighter ; but they 
have a continuous metal ounties beneath them that presents a maintenance © ; 


ad will require frequent re- surfacing. If this type is filled with concrete, a 
the concrete and the surfacing will crack along the lines where the depth 


the filler changes. It has the same other metal 
under- surface floors in th 
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ORINGS 
intenance. all- metal solid floor, with wearing 
, is also subject to corrosion on» the under side and is anything but 
a re diietan surface in wet or icy weather, or even in summer when the 
grease- drip oils the surface. The markings soon wear off and only a plain 
_ All the solid surface types can only have good driving surfaces in fai 
weather. snowy, sleety, or even in wet weather, they present surface 
a traffic different than in dry weather and much more hazardous. ot 
‘The open-grid floors require a secondary system of supports and yore 
 plicate the original detailing and shop work as measured by present-da 
routine ‘methods. Their greatest | drawback is their ‘novelty. For instance, 
the fact that some engineers “view with alarm” the supposed lack of | , z 
lateral rigidity in the open ‘floor when ‘Ro consideration has ever been 
allowed on that score for any of the solid floors, | is quite puzzling. Lateral 
bracing always has been, and probably always will be, designed for the full aa 
uy effect | of some extremely | high wind, and the effect of any stiffening due to q 
7 the floor has been taken as an “ ‘added safety factor.” The steel in 
open-grid floors forms a rather Bective Gite & very large 
moment of inertia, with ample riveting to carry” horizontal shear between 
various longitudinal members. These, in turn, are welded to their 
stiffeners i in the form of the transverse carrying members and these again a 
to the longitudinal stringers for forming a three- ‘member laminated system much 
more resistant to distortion or to disruption than any concrete floor. To 
ve the writer, at least, the idea of putting metal in the lateral system, and : 
in the ‘stiffening truss of a suspension bridge, answers the requirement of 
a a dollar spent in the 1 main structure is better invested than a dollar gpent i 
in local stiffening.” It ia better than to spend it for more costly floor 
construction which, formerly, was never credited with lateral | stiffness. 
Another principal fallacy ‘that water, in itself, is responsible’ 
; vias Corrosion is due to water in combination with other compounds 
and conditions, and the longer these factors are allowed to remain in 
combination the faster the corrosion proceeds. Conversely, the speedy 
= breaking up of the combination is the best preventive of corrosion. The 
a sunlight g goes through an open grid to the supporting stringers and floo 
4 = beams. Each passing vehicle fans the | grid and the supports with | d 
q 3 intense blast of air. The drip from the engines coats the surface of the | 
BP. grid 1 members. _ The dirt and dust falling through the grid are drie 


_ the ventilation and forced draft and are blown — 80 that corrosion does 
‘Naturally, the ‘consultant is interested in his reputation 
: ee conservative design ; the fabricator’ 8 engineer is interested in securing ee 


within the letter of the inventor, whether or not he is” 

in either of the foregoing classes, is interested in having his “ brain- child ue, : 
_ accepted | in “ the best circles” and in securing a royalty for it. 1) a 
the or the unbiased _ engineer in the 
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WADDELL ON HIGHWAY- BRIDGE | FLOOR 
floors offered, and then to choose from them the costs against 


the merits. Since only approximately 10% of the membership of the > 
Society is directly interested in bridges and probably not 10% of these 
are in either of the aforementioned biased classes, it should be a 
the only hope for any of the other 90% of the members to “sift the 
wheat from the chaff ” is to make their own investigation into the in 


_tangibles not covered in the paper. 


ee Wappet,,” Hon. M. E. (by letter).— —The | discussion 


a this paper, although not as extensive as the writer had hoped, has served | 
- to emphasize several important features. The points en by Messrs. Jones, 
-Tammen, and Franklin are of especial interest. 
_ Messrs. Tammen and Fowler have asked for a separation of the substructure 
sl superstructure | costs used i in 1 preparing the curves of Figs. 1 to 8. On the © 
open- a, flooring was found to cost about 
i width of 45 ft, and about $7 less for a 20- ft roadway. _ Cost differences: for 
9 intermediate types ¢ can be interpolated with sufficient accuracy. For | the 
4 case mentioned in the second paragraph of Mr. Jones’ discussion, the sub- 
differential should be subtracted from the difference found 
_ Mr. Jones emphasizes the value of “the method of approach and pores 
whi the paper sets forth, but questions whether the findings are sufficiently 
general for the curves to be used in actual comparisons of cost. He states: 
_ “From such considerations comes the writer’s feeling that, although the method 
- herein given is invaluable, the most exact data should be applied to oo 
; particular case, and the author’s data should be considered as illustrative. 
In making his criticism, Mr. Jones has apparently overlooked the fact ‘hes 
1 to 8 give merely the combined costs of substructure and 
to carry y floorings ¢ of various w 
Ba em are to be ‘determined and d added separately. ‘Tables 1 and 2 give data 7 
.! regarding the costs of various floorings that are s fairly 1 representative of present- 
_ day light-weight floors; but it is assumed that an engineer, in dealing with a 
_ Specific problem, will determine the weights and costs of the actual floorings 7 8 
“he i is comparing, and will use his results rather than those of Tables 1 and 2. o 
Ample provision is made, therefore, for variation in flooring costs and for the : 
hl: Table 3 of Mr. Jones’ discussion, showing the effect of a wealdlion in n floor 
i is correct; but this is no argument against the accuracy of the results — 
found from Figs. 1 to 8, for the reasons just stated 
Messrs. Jones, and Fowler have referred to factors affecting the 
accuracy of the diagrams themselves, such as variations in prices and in the 
“Substructure. They have, however, over-estimated the relative importance of 
~ such variations. . Suppose, for instance, a silicon-steel highway bridge of hye 
-400-ft simple spans, carrying a 45-ft roadway, is being considered, and that 
comparison is to be made for the “standard” flooring, a 60-lb flooring, and an 


Cons. Engr., New N. ¥. Mr. Waddell died March 3, 1938. 
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7 on which the diagrams w were based. 


Deseription- Standard | Sixty pound 
© 


Superstructure 40 | $282.30 | 

t 39.60 7.80 


ee 
E t te type $13.10 $4.70 


4 ee a 10% change in superstructure unit prices is assumed, the differential 9 
“between the “standard” open-grate floors would be changed by $4.84, 
that between the 60-lb open- -grate floors by $1.93. considerable 
change in the substructure conditions would mean merely a change in the a 
differential between the ‘ ‘standard” floor and the open- grate flooring ($13.10), 


the differential between the 60-Ib floor and the open- grate floor ($6.20). 


relative economics s of the floors s being considered ; and where the relative stand 
; Bronte affected, it would merely | be because the costs for the types being — 
- compared were so nearly alike that it would make little difference, as far as 
cost is is concerned, which type was used. Ih the case under consideration, a 
_ difference | of $5 per ft we ould mean only a a 1% variation, and even $10 per ft sal 
A would amount to only 2 per cent. Such differences are well within the a 
= nary errors of estimating. a. urthermore, changes i in the general price level 
3 can be allowed for by multiplying g the results taken from the diagrams by a a 
correction factor, and a major difference in substructure conditions can be 
¥ allowed for by increasing or reducing the substructure differentials given in 


— 


a Since this paper was published the writer has had occasion to prepare — 
* several estimates affording an opportunity for a check on the curves in Figs. 
1 to 8, and has found them absolutely reliable." A further study, made i in 


‘connection with the - preparation of this closure, shows that a considerable 


- variation in pier heights makes no appreciable difference in the relative costs . 


‘Gace of a suspension bridge will require an increase in : the weight of the stiffen- ; 
ing trusses. In most cases, howe ever, this means simply a reduction in the n: 
‘saving to be realized by the use of a lighter | floor. a 


* by J. L. Waddell, Hon. M. Am. 
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the increase in tress Ww weight will be the s saving 
other parts—floor-system, suspenders, cables, towers, and enchorages—will 
_ Referring to to cantilever spans, there would be no objection to | using a a heavy 
floor 0 on the anchor spans of a three-span Type A cantilever, and a light floor 
| on the central span. id For a Type C cantilever or a long bridge consisting of an 
alternation « of anchor and cantilever spans, it would be unsatisfactory, from the 
__ standpoint of both appearance and traffic, to use one type on the anchor spans | 
-andanother on the cantilever spans, 


Mr. Tammen mentions the fact that different engineers: will Teach different 


‘considerations not affect the usefulness of the paper in. any 


a because it is assumed that each engineer will determine | for himself the total _ 
es and allowable spa span lengths of the floorings he is ‘comparing. - Allowances : 
for maintenance and amortization are difficult to determine, since Telative 


costs and life for light-weight floors and older types of heavy floors are not 


+a Mr. Tammen criticizes the use of thinner ‘metal i in the flooring rather mers b. 


_ but it must not be forgotten that, if if the light-v -weight flooring s should either rust i, 
out or or wear out, ‘it could easily be repaired or replaced, w hereas thin metal in the 
superstructure proper could not. It is either the manufacturers or the paten- Z 

e tees of such floors w ho have determined the thickness of their products; and yo 

: if these sections are computed properly for strength, experience will ultimately a : 
tell whether the use of the thin sections is truly economical, 

F Mr. Tammen’s data relative to the savings resulting from the use of light- P= 


weight floors on movable spans are interesting and valuable, and the writer 


is difficult to agree | with Mr. Shryock’ s conclusion that floor weights can 
“be reduced to 50% of the weight of the standard ty] pe “without undue sacrifice ls 
and rigidity,” but a /Teduction | to 25% 


percentages ‘quoted are arbitrary. ‘The 540-ft. spans of the 
Parkway Bridge c over Rockaway Inlet in New York City, w which | are paved 


with open-grating, are perfectly stiff and rigid ‘under traffic. it should 


Pg to the ‘supporting: forms 
To Mr. McClintock and Professor Cc. Calor Mota, the writer 
express his deep appreciation of their hearty endorsements of his technical 
| , efforts, . Mr. Fowler should not forget tha that the sole object c of the paper is to 
compare ear economics s of ‘different ty pes ypes of flooring and not to ‘Provide the — 
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Franklin 


n’s discussion is The writer endorses. ws 

caduiaiiie all the points he raises, and specially commends the division . 
conditions into ‘‘tangibles and intangibles’; moreover he concedes that the 
latter ; are, and should be universally considered by far the more important, 
In selecting the type of flooring for a highway bridge, the prime requisite 
a is safety ; and economy in first cost should always be a subordinate 3 
consideration. Safety from accidents through skidding should always be a a . 
ee consideration, because human life and human w elfare are endangered 
Mr. Franklin has prepared his discussion very skilfully, in that he has 
* handled the st subject of ‘ ‘intangibles’ ” without 1 any reference to patented floor- 
_ ings or special interests . Nevertheless, he states: 4 


op fittoh® Be consideration of this larger problem of the ‘Ultimate Economics _ 


of Highway-Bridge Floors’ is quite worthy of the efforts of the profession. It _ 
should not be hampered by the limitations of mathematics in the discussion, : 
but the merits and shortcomings of all the various types of floors in common 
use should be reviewed; the factors-which lead to desirable features, as well z 
as those which produce ‘undesirable results, should be listed; and conclusions _ 
i should be drawn concerning the attributes of the perfect floor.” 
Such a general open discussion would be of truly great value. 
The objection to open-grid floors that they “require a secondary 
% of supports and complicate the original detailing and shopwork’”’ is an economic a 
« one, and, therefore, pertains to the “‘tangible” group of factors; oa 
it is care of by the cost-curves and tables of the p paper. From 
-_, standpoint of safety, the principal advantage of the open floor is its elimination 
of lateral skidding, even n during times of f snow and sle sleet. 
: The Marine Parkway Bridge, previously mentioned, will provide an excel: 4 
lent measure of the safety, the durability, and the cost of maintenance for "4 
: open flooring, as compared with 1 the ‘ ‘standard”’ solid flooring; because, on 
the three long ; main spans, open- -grate flooring is used, whereas all the approach — 
spans have concrete flooring. Experience during one winter may settle oo 
question of the comparative safety of the two types, but years wil Ae 
in order to determine the comparative mainterance costs. + NBA dah dell 
= In the writer’s opinion, the open flooring has come to stay, and is destined 4 


ee be one of the standard highw ay-bridge floors of the future. that ae 


In closing this paper, the writer ‘desires again to thank all the engineers 


who have so kindly discussed it, especially Mr. Jones and Mr. ‘Tammen, 
whose skepticism concerning accuracy of results has enabled him to show that — 


such skepticism is unfounded, and Mr. Franklin who indicated the existence re 


“intangible” well as economic factors in the comparison of bridge 
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FEDERAL RESPONSIBILIT” 


Since Colonial - times, floods have taken their toll annually in various 
of the country. Experience in Pennsylvania is typical, and a few 
comments on conditions in that State will suffice to indicate the importance .. «4 

of the pr problem, not only there, but throughout the United 


Prior to 1937, about thirty major floods had on on ‘the Delaware 


River, thirty- five on the Susquehanna, and about fifty on the Ohio. (These = 
“three streams together ‘drain approximately 95% of ‘the State.) Numerous 
~ floods localized on their smaller tributaries have also occurred frequently and = 
The flood of June 1, 1889, is the greatest on record in the Susquehanna 
Basin. _ Although the storm was concentrated over the water-sheds of the 
‘Juniata and the West Branch of the Susquehanna River, most of the central - 
a ‘and eastern part: of the State suffered unparalleled losses; at J ohnstown, in 
Cambria County, 2142 lives were lost, and a large part of the city was 
‘The Pittsburgh Flood Commission estimated the flood toll to the City of 7 
Pittsburgh alone, from 1898 to 1908, at $12000000, of which $6 500 000 mes 
ae caused by three floods in 1907 and 1908. The total financial loss along the 
ie ‘Allegheny River resulting from the 1913 flood amounted to $720 000. Dam- 
ih age i in the Shenango and Beaver Valleys from the same flood was $2 100 000. 
hh August, 1915, in the City of Erie, thirty-four people were drowned a - 
damage amounting to $2000 from a flood in Mill Creek. In 
July, 1931, Norristown suffered a loss of $1000 000 as the result of floods 
7 in two small creeks traversing the Borough. York lost $260 000 in 1884 
$4 360 000 in 1933 from floods in Codorous Creek. 
_ Even these figures, of course, become insignificant i in comparison with — 
i those for the general floods of 1936, in which Pennsylvania was one of - 7 
laid sufferers. The flood damages throughout the East during that year 
variously estimated at from $250 000000 to $500000000. =| vote 
on Floods can be controlled by storage or retarding basins, diversion chan- 
nels, stream channel improvements, and levees or embankments. Protection 
generally may best be secured, not by any one of these methods, but hr a com- os 
Zz bination of several of them. For example, storage basins, © 
certain channel improvements, have been recommended for flood 
for the City of Pittsburgh. A combination of channel improvement and : 
levee or dike construction has been suggested along the North Branch of 
the Susquehanna River to protect the Wyoming Valley. A combination _ 
retarding basins, ‘diversions, and ¢ hannel boon 


Senator from Pennsylvania, Pittsburgh, Pa, 
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In the Shenango and. Bere ‘Valleys, in ‘Western 
control by basin retardation has been effected the comple 


nt of the | Dam Encroachment which made it 


pass floods without overflowing, have not been allowed to sy worse, 


in various places, serious obstructions to ‘the flow have been modified 


- removed and the channels have been improved. a “In communities subject to : 
pet ia 
es. 


flood damage e the State has made a number of surveys and hydraulic. studi 


Channel lines, marking the permissible limits of new construction, have been 4 


established in Johnstown, Y ork, Manayunk, Sharon, New Castle, Butler, 


Reading, Norristown, Scranton, and Erie, ‘and existing encroachments on 
these li lines are gradually being removed. 
The major flood-control problem in Pennsylvania—protection for 

burgh and the Upper Ohio River—was studied under the direction of the 
_ Pittsburgh | Flood Commission | from 1908 to 1912. In the latter year, the Com- ca 


mission recommended the construction of seventeen retarding or flood- 


ti storage reservoirs distributed over the drainage areas of the Allegheny mi 


_ Monongahela Rivers, supplemented by a river wall at Pittsburgh. ‘The cost, 
"was estimated to be about. one- half the direct loss that would otherwise be 

_ caused by. flood damage to the city within a 20-yr period. ¥ Between 1924 and 
1929, United | States Army Engineers studied the problem and - developed 

State legislation approved in. 1931 authorized the ‘Water and Power 

_ Resources Board to take up the study y and develop a plan of flood control, — 

and empowered it to proceed on its own authority, or at the request of some " 
outside person or agency, to improve stream channels, build levees and diver: 
sion channels, and to construct retarding storage basins for flood control. 

- Board and its agencies were further empowered to “enter upon, take, appropri 


or injure re any land or lands”, and damages: sustained are e to be paid 


for ‘the construction of ten storage reservoirs, seven in the “Allegheny 
-water-shed and three in the Monongahela water- shed, at an estimated cost 


soled is n natural to ask why a project so meritorious as this one has remained 


go many years in the planning stage. The answer is plain. The Allegheny ms 
River has portions of its water-shed in two States—New York and Penn 
_ sylvania. The Monongahela River has its water- r-shed in three States—Mary- ey 
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West 
in and would affect the of the stream 
x possible, therefore, for any city or county, or even for the State of tne 
-yania, to undertake to complete the project in its entirety, | or in the com- 
= _ prehensive manner necessary, without assuming more responsibility than it 
- rightly should. National control and action are necessary. Prior to 1936, _ 
however, the interest of the Federal Government ‘in large streams was 
fined, except in a few cases, to the problems of navigation. The main ques- ba’ 
- tion of concern to the National Government was how much the destruction — 
a a forest, or the building of a bridge or r a reservoir, would affect navigation. — 
_ More recently, however, a new consciousness has been developing. tei 
ns now recognized that flood control i is a a problem of major r national significance, ~— 


ies ‘is recognized that 1 what is done to control floods in in one part of the country 
vitally affects the lives, the property, and the -well- -being of people in 

The first aid from the Federal Government relating to flood control per- _ 
ia tained to the Mississippi River and was provided i in the Swamp Land Acts of 
1849 and 1850. By these Acts Congress granted to the: several States the 

_ omp and overflowed lands within their borders and provided that the pro- 


protection. another Act in n 1850 that must be given an 
important place in any consideration of the probleme of the Lower Mississippi _ 
This" act “dire cted_ a and hydrographical survey 


was de result of this first official study of food by the 
_ Federal Government. _ The Ellet report came in 1852 and concluded that — 

‘the control of the floods on the Mississippi was the nation’s ; duty a and that it 
‘ = was a question that ‘ “must be decided by the justice and humanity | of P the 
ry nation. ” That statement showed a definite trend in official thinking. 

‘The Civil War halted the movement for flood control. In 1878, how-. 
ever, the Rivers and Harbors Bill provided $1 000000 for aiding ‘navigation 
on the Mississippi. The money was spent by the Board on the Improve- 
ment of the Mississippi River under the supervision | of the U. S. Army = 

Engineers. This Board was ‘composed of Army engineers who favored levees i 
_ for improving navigation. Thus, the Army engineers came to support those 
ba who wanted levees to. control floods. The combining of the groups — 
“i flood control and the groups s interested in navigation was evident in the debate 


on the bill creating the Mississippi River Commission in 1879, which put 
« United States definitely into flood-control work, and which probably stands © x y 
as the most important | piece e of flood-control legislation in the entire history 
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One of ‘ow arguments generally advanced for flood d_ control by 
Feder: al Government is that United States owns: the rivers and has 
paramount jurisdiction over them. ‘The conclusion that the United States 4 


should not permit its property to damage the citizens of any section is roe 


4 of wen 
natural outgrowth of ownership. The interstate nature of the flood-control 


a problem has furnished another reason for Federal responsibility. _ The con | 
trast in size between the gigantic drainage area of the Mississippi R River ae 
whole a and the small territory drained by the Lower Valley—the re; region that — 


suffers most from floods—is striking. The Mississippi Basin contains 


1250000 sq miles of of territory, 41% of the area of the United States, Tt. 


includes : all or parts of thirty- one ‘States, the combined population of which he 
is one-half that of the entire nation. _ The river system includes 15 000 ‘miles 
of navigable streams and many thousands of miles of non-navigable ones. a 
i - The contention that the interstate nature of the problem makes it a national a 
4 one grows much stronger when it is understood that the area that suffers most 
- from floods contributes little or none ¢ of the water that ‘causes 1 them. be ey 
The suggestion has frequently been made that the cost of flood control — 
- 4 should be borne by | the various States in ‘proportion to their responsibility for 
the floods, but the difficulties of apportioning costs on such a basis appear _ 
to be insurmountable The State of North Dakota and the State of Pennsyl- 


_-vania, for example, both contribute - water to the Mississippi, but it would — 


«a hardly be possible to say how much the flow from either State adds to the 
floods on stream. The problem is sufficiently complex when 
=s the natural causes of floods are considered ; it becomes muth more so when the 
_ acts of States and individuals in regard to drainage and flood control are 
taken into account. Works built for flood protection by “citizens of 
_ State may pile up the water and spread it over the lands of the citizens of 
another State. On the other hand, the vigilant have often been inundated — 
a because of the negligence of their neighbors. i Hence, the demand for F decal 
Most of the people believe that the Federal Government exists for 
— practical purposes of protecting the general welfare. In considering the gen- — 
eral welfare as related to flood control the humanitarian and the economic a 
4 phases can not be entirely separated. The great sacrifices, suffering, expenses, 
and property losses of thebe at the mercy of the floods are all intertwined. - 
consideration of Federal -Tesponsibility for flood control calls for 
a thought : as to the causes of floods. _ Apparently, all agree that the causes 
_ many far-flung ramifications. They extend even to the grazing of cattle and 


ae far in the interior, when over-grazing of the la nds causes rapid run- off ie 


hun 
and erosion. Even the direction of a furrow in plowing may affect the 
quantity of water that flows from the surface of a field and the amount of 
sediment it carries. Paved | streets and sewerage and drainage systems have 4 

g added at least to local flood problems by causing both a heavy and a rapid 
run-off. Many cities with splendid drainage systems do not realize that they ss 
have been floods down upon their neighbors, Even the construc: 
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added to the areas eas from which run- run- -off is heavy and rapid. Many of these 

highways have been built under Federal specifications and with the aid - % 
- “Federal funds. Highways, Tailroads, cities, and industrial and commercial — 
3 enterprises have aided in piling up the flood-waters. by encroaching upon — 
» the natural channels of streams with bridges, embankments, piers, terminals, 
+ and other § structures. bi: In the ca case of nav igable streams such encroachments 
have been made with the express: permission of the Federal Government, 
- which thereby has become an agent in creating these encroachments, a 
caer influence on floods of such factors as those just annie: ’ 

must be relatively small in comparison with that of the general deforestation, _ 

drainage, and development of the vast valley territory. Large areas of 
swamps and lowlands have been drained, forests have been cleared “away, 
and the land has been used in such a way as to cause much erosion and 
rapid run- -off. hills pour torrents of turbid | waters” through m man-made 

gullies into the rivers, filling their beds with mud, and causing them to 


« - 


Many believe flood control is the duty | of the Government for 
s reason that no other power exists that is able to cope with the problem. “* 
hh 1879, the Hon. James A Garfield stated in the | House of ‘Representatives — 

that it was ‘ “too vast for any State to handle; - too much for any , authority 

Tess than that of the nation itself to manage.” When it is realized that the o# 
Federal Government, the States, levee boards, cities, counties, , railways, and > 
individuals have been levees, and that | ten agencies in the Depart- 


ES as it has; but a , satisfactory publie policy can never be developed aaa 
these con . Each or n naturally outlines its own problems and by 
to them out with little reference to those of other groups. This 


4 
Situation has caused a widespread for a unified control, 
paged Added to these reasons for Federal responsibility in flood control | are 

important considerations of interstate commerce, including the postal service, 


public health, and national defense. They a are so obvious as to require no -° 


Federal control has been delayed because the construction of protective p 
works costs large ‘sums 0 of money, because opponents have claimed that it 
constituted a reclamation project for the benefit of private property, because © 
sctonaism has invested proposed flood-control legislation with the objec- 
tonable ‘pork-barrel” feature, because there has been disagreement as to the 
est methods of handling the problem, 1, and because some have held that it 
_ Was unconstitutional. None of these arguments has weighed so mightily as = 
the general inertia of the public in forcing the issue. Organized representa- a 
tion of the flood- control cause D. G., not been sufficiently 
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Several “points for: the constitutionslity of flood by the 
wf Federal Government have been advanced, but the bulwark of most of the argu. 


ments has been the jurisdiction of the Federal Government over ‘interstate 
a commerce. The early participation of the United States in flood control was e : 
a based entirely on the proposition of improving navigation to facilitate com: agg 
on the Mississippi. Congress | and the public paid particular 
to the provisions in the early appropriation acts that no part of the money : on 
- should be spent for levees to prevent injury to lands by overflow. This point z ) i walt 
of view has” long prevailed. . However, in 1917, proponents of flood ond ‘a 
_ sought to establish the right to control the Mississippi under the commerce 4 _ 
_ clause on a wider basis than that of merely improving navigation. They frankly et 
_ stated that it was a flood-control measure. They took the position that Bal 
legislation for the improvement of navigation had been ‘ ‘predicated upon 
the power of Congress to regulate commerce”, that the word, » “navigation’, 
not ‘appear in the Constitution but had been written in asa “part of the jud 
interpretation of the commerce clause. They turned their attention to state- 
ments of legal authorities and to Court decisions, apparently with satisfactory 
The general clause has naturally furnished a strong point for those 
who sought to prove the constitutionality of flood control by the United he 


‘States. It has been suggested that the Constitution has been expanded by 
usage and by interpretation to include many things under this head. To a 
_ many the Government had as much right to make land ‘suitable for habit 
tion by protecting it against floods as it did to give away the public domain. 
Congress has been very liberal in voting money to relieve suffering among the — * 


__-victims of floods; little question as to the constitutionality of such aid has 


= 


‘ever: been raised. ‘It has been urged with apparent logic that appropriations 
4 for flood protection mean as much for the general welfare as appropriations fie 5 te 
the relief of flood sufferers and that they are, therefore, Just as constitutional. _ 
Chief Justice Story ‘maintained that if the benefit was general, whether it 
ry, was located in “one State or several”, Congress could appropriate money for _ 
aT The problem of flood control must be regarded fundamentally as one of st 
Pe engineering, and the Engineering Profession deserves recognition for the sup- *: = fo 
‘port it has” given to the Federal program. Engineers h have appeared times 
without ‘number a as s witnesses before Congressional committees. They have 
passed many resolutions in State and National conventions demanding Fed- 
eral control. No other group of financially ‘disinterested persons has more 
generally ‘urged complete control of the floods of the Mississippi and th 
‘The people of of the United States have finally realized that floods will a a 
= to increase in importance. Floods have not become more frequent, but . 
as the population grows, they are becoming increasingly more destructive. | 7 
Property values and the density of population have already reached such 
‘status that millions of persons now live in areas that are without adequate — _ 
protection. Flood control is now a national problem and must be considered - — 


responsibility. 
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VELOPI NATION: 
FLOOD-PROTECTION POLICY 


we ABEL WOLMAN’, M. Am. Soc. C. 


After every ‘major catastrophe public demand for preventive action reache: 


it its peak and the ‘solutions proposed are as as the interests involved. 


In this respect the March, 1936, floods were no ‘exception. * Demands for i imme- -_ 


“dint action, for appropriations, for financial programs, filled 


the lay and techni cal journals. History teaches’ that in . such periods of stress, 
and logic are unduly influenced em emotion. It is frequently the 


most ‘unfavorable time in which to formulate policies for control. When 


public interest is at its height, on the other hand, is the most fruitful “period 


thoughtful students flood-prot ection procedure would probably 


(a) Engineering studies ‘of past destructive floods by and large 


Detailed and carefully prepared programs for flood pro- 
tection are likewise lacking in many areas, although reconnaissance studies 2 


(c) In the development. of principles and policies much more than. engi- 
neering information and conclusions is needed. ot ote 


a (d) A kind of statesmanship and creative thinking, not yet t fully. aiddigns y 


is required, which will balance local and national needs and | costs against i 


eal (e) A new sense of so satel responsibility « on the part o' of local areas is needed. 
fp Protection for a local area should be designed not only to meet the by 


flood-control requirements of the area, but for the social and economic advan- 


in which to make real progress in the solution of a difficult national problem. — 


v4 


i 


i ae A large number of reports by Federal or local agencies have been pre- 
ate pared from time to time. The most important under takings pe 
Because of the limitations which these documents were prepared, they 
cannot all be as of completely definitive character. In such instances 


is needed, and, in a continuing review is desirable. 


4 ‘Chairman, Water Resources Committee, National Resources Washing- 
ton, D. C.; Prof. of San. Eng., Johns Hopkins Univ., Baltimore, Md. 
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made and tho aptnal initiation of construction work is likely to he lang _ a 
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= 
of a document on Muskingum River and the building of contra) 


analysis of national shorteomings in flood- -protection soon 


- discloses that ‘the problem is highly « complex and ‘that it cannot be reviewed 
simple a basis as flood protection per se. Although many any engineers 


SO | 
and most t laymen would urge strongly the correction | or prevention of flood 

— damages, even a superficial review of the : situation makes it clear that few 
 flood-pro -protection "programs should proceed without consideration of the rela- 


_ tionship of these measures } to other possibl e uses s of water. ~ When such wid | 


are undertaken, “simplicity. el approach: gives way to complexity of use and to 


Because of these difficulties in orier ntation the writer considers it wise to 
present a brief analysis of the various aspects of determining upon a national 
-flood- -protection policy and to hat “Measures are under way, as 


: 1987, to clarify some of the problems involved. I In ‘this attempt, it will be 


apparent ‘that considerations other - than. engineering loom large in the final 
solution. evertheless, ‘any generalized program for water use “must 


obviously ‘upon detailed and careful “engineering analysis, Ta periods 


4 stress and haste 1 this axiom has not always been observed, Tt is a pre- 


requisite | to all that is written in this p: paper. 


ot What are the links in the chain of engineering evidence on aa be ! 
available before a national policy can emerge? ty 
To en; engineers, of course, the first clement, of deficiency is in incomplete 
. hydrologic data, not only for floods but for every form of river run-off. The a 
Water Resources Committee of the National Resources ( Committee, in several 
of its sub-committee publications, has called attention to these deficiencies in in 
basic hydrologic data. Whether these deficiencies are corrected in the ate 
depends upon such organizations as the Society and | upon lay support. a: 
Without such book- keeping of hydrologic data, no policy can be adopted 
with complete confidence. The program should be nation-wide, continuous, 
and technically accurate, and the results should be regularly interpreted and 
reported to the profession. Discontinuous: ‘observation, although “Perhaps 
better than nothing, does not fully meet the requirements. = = __ an ah 
Even in 1937, detailed analyses of major floods leave something to be en 
desired, the “308” reports of the War ‘Department and the publica- | 
’ tions by the Miami Conservancy District, the United States Geological Survey, 
and the Bureau of Agricultural Engineering, have added material of incal- 
‘eulable value in recent. years. rs. The studies should be extended. Findings are | 
spotty geographically, and methods of analysi sis and of 
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_ What part detention reservoirs, channel improvements, zoning control of 


encroachment, forestation, ‘soil conservation, small dams, ‘and so-called ‘ 


stream engineering” should play in a general water-resources program, still — 
remains: to | be demonstrated conclusively. 4 The hiatus between claim and 
bos substantiation in fact is wide, and competitive claims are scarcely sufficient 
basis for a permanent policy. Only detailed field and office analysis of water 
‘resources control ean disclose the relative merits of es various devices and 


Inv this regard, “newspaper experts” ve not been the only 


delinquents. Members of the Engineering have permitted them- 
selves to be diverted into defensive or offensive controversial fields where their a 
capacities: for objective analysis have suffered or disappeared. At times, 
Tittle or no interest has been exhibited by those individuals fori should ne 


Not all the difficulties” a approach may be to 
” “glee among the laymen. After all, engineering guidance for public — 
is more necessary to- day than at any other time in| the past. Aloof- 


profession al provincialism, ‘political partisanship, are all 
fellows for engineering judgment. Engineering texts, of course, are filled 
. with principles of caution and logic in the matter of water- “resources develop- 
“ment; but how frequently are they ignored! For example, the zoning prin- 
‘ ciple suggested by the late Allen Hazen, M. Am. Soc. C. E., many years ago, 
é for "application i in flood areas, when discussed at all to-day is met with scoffing 
a in some groups and with . complete ‘disregard in others. Yet as a flood-p -pro-— 


quantitative determination and decision. This i is not the case, however, with 
7 ‘the financial aspect of the problem. The simple statement that water-resources — 


| ee development, and flood protection as a unit thereof, should be financed largely _ x 


ia by local interests, is sound and clear on paper. No one can take issue with © 

~ this statement of policy; but its practical application requ requires discussion. ae 

=: It is not Senet true that a water-resources program is restricted lie 
confines of single State. Often two or more States are involved. 
Often reservoir sites in one State m may be used for the control of flow in oy aS 
ie three or four down-stream States. In this setting, the concepts of damages, se 

~ benefits, and allocation of the costs of correction are n are decidedly confusing. “i a “a 

ou Any one reviewing the damages presumably cause caused by destructive floods — 4 i 4 
- is at once impressed with the absence of any standard criteria for evaluation. a 

— Any two agencies, Federal or local, are likely to arrive at separate estimates — 

of the flood damages in a given area that will differ widel y. These deficiencies _ ia 

in approach led the Water Resources Committee to appoint a in 
— 1936, to to ‘study | the e criteria for the evaluation heal flood ae 
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1 
belioves that a an standardized methodology i in this field is 
able, but it should be possible to present certain major criteria of approach 
would put such estimates on a more scientific basis. no 
experience. An analysis of criteria may clarify, however, the 
cepts even for the experienced observer. | 
Most. people assume that the economic justification for flood protection ig 
simple to evaluate. It is surprising to find how little information is available, 
‘not only on specific flood damage, but on the general, special, and intangible q 
benefits that might arise from the initiation of flood-protection measures, — 
_ Various procedures have been used from place to place, but it is rare that the e 
- details of such principles of benefit evaluation are presented so as to be readily ; 
Since assessment of local benefit, presumably the base, of local participa- 


tion, is still in a “nebulous : state, the difficulty of adhering to what + par 


to be a sound policy becomes more complicated as each flood- “protection project 


_‘The pressing question ‘of how much central responsibility. fot “flood pro- 


- tection the Federal Government should assume, is more difficult to answer iS 
when viewed in the light of - than when stated as a | gen- 
eral principle. One reason for this difficulty is that the mere definition of ye 
“Federal” interest is continually undergoing adjustment. d This is not solely — ~ 
as 1 many believe, to the so-called rise in ‘central bureaucracy. may 
be the result and the penalty of increasing national integration. may be 
the result and the penalty of growth | of population and of the difficulty of 
local from regional hazards and corrective measures, 
Iti isa Jeffersonian principle that government in the United 1 States should 
result “i in the partition of cares, descending in gradation from general to fat 
7 particular, that the mass of human affairs may be best managed for the good 
7 and prosperity ty of « all.” This precept is valid only until its application under 
pressure of such ‘difficulties as those encountered, in water- -resources 


de lo k d ati s th refron necessa a uestio i how far » 
velopment mal ce di tions therefrom neces ary. he q n is 


“TS 
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° 


‘ such deviations are wise; how “much “may be accomplished within the frame- 


_ work o of State autonomy ; how wit drainage-basin enterprises may be developed 
within that framework; and what Te -adjustments in theoretical pine 
if amr, the pressing problems of water resources may make necessary. 

In such a complicated problem it is obvious, | at least to the writer, that 

motion is a sound principle of action. Heroic changes in procedures 
7 - of Federal- local responsibility must be approached with caution. At the 
same time, it may be questioned whether such approaches should be so con- 

gealed by precedent no no treatment 
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In the allocation of it be rem 
a simple formula may be a first necessity. Flood Control Act Let of q 
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local participation, many inequities necessarily arise. The pere 
— 


« areas in terms of land and Tights way may vary from 10 to the 
maximum legal limit of 50. The intent of such a Congressional Act may 

ea be wise, but its application is likely to be inequitable. A logical substitute ‘a 

for the simple formula of Congressional approach lies in moving 

4 
administrative control. This gives rise in turn to the charge of increased 
bureaucracy, although the nature of the water- resources problem would 
to pre-suppose 1 the necessity 

the problem is extended to the evaluation | benefits and costs. in 
multiple uses of a stream, the difficulty of using a formula on a national 
basis becomes even more apparent. In this field, there may be no escape _ 

administrative adjustment and evaluation. This will no 
‘doubt create a variety of geographic apportionments of costs, oe necessarily : 

Film argument. t. Here, ¢ again, is a field for the best technical th thought | 
ee ‘The formulation of a national fiscal policy y with sehen to any important 

es undertaking has always been beset with the necessity < of reconciling 
logical processes with public sentiment and clamor. — Changes, supported 
by local greed, may soon convert a sane national policy into a general = 
— bag” for distributing F ederal funds to local projects, sometimes well 
and involving important national interests, but too frequently 
badly conceived and purely local in character. ml 
The cold ‘statement of historical facts in n regard to ‘national enterprise 
may be interpreted as disheartening examples of “increasing feeding of local 


areas out of the Federal trough”, or as “examples of “the slow evolutionary 4 
-assumption of Federal financial responsibility for undertakings of national 


= 


inte interest.” It is the writer’s opinion that the correct interpretation lies 


somewhere between these two extremes. phy 


Experience certainly teaches that before establishing any permanent 
nati 90 policy for financing public works, one should make certain, on the 
one hand, that the interests of the country as a whole are being adequately — 
_ protected and advanced, and, on the other, that opportunities are not created 
for the complete degradation of local responsibility. The tendency, unfor- 
- tunately, i is generally in the latter direction, and safeguards must be provided a i 2 
in the water- r-resources to avoid the | error of 


involved that a trial-and-error is a pre- requisite to 
mate solution. _ Experimentation i in government to-day arouses violent « opposi- 
‘ton in some quarters, but , carefully organized and carefully controlled, ; 
— to be | a necessary adjunct to the normal processes of desirable wine i, 
Tesources | development. “a substitute for experimentation is no more — 
_ able in this, than in any other scientific, field where rationalization has long _ 


given way to trialand-error technique. 


More than fifty years ago, Ambassador Bryce made the discerning observa- 
‘tion with ‘Teference to American political strongly applicable 
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FLOOD 
the ches in hand, that: . “The longer one studies a vast subject, the more i 

. future water development should result only from comprehensive st study 
of possible multiple uses or methods, other problems be beyond those of engi- 
neering and finance p present themselves. Decisions must be reached from and 
4 & time to time as to what governmental or private agency should be permitted ea i app! 
to undertake the construction of vast water-resources programs, whether for rk 


flood protection alone, or for ‘multiple purposes, Controversy again Tages «Serv 


in this field as between central and local public bodies and as between publi 


es, There an are occasions, of course, when this part particular administrative difi- eng 
culty is absent. The development of flood- “protection | measures within Los of ¢ 
on 


Angeles County, California, alone, for example, may present no particular 
problems of national policy. The type of organization may be onal. 
locally. _ The methods of raising funds and assessments may be controversial, a 
_ but, at the same time, nc not of national import. When the e problem is extended, 
- however, _ beyond the confines of a single county, or of a single State, and 
when the best uses of a stream include its development for power, for naviga- 
4 tion, for potable water supply, and for flood protection, can some form 
national control be avoided? The question is posed without prejudice at the p | 
- moment. It should be brought clearly into the daylight, and its eS ‘7s 
- should not rest wholly upon ‘abstract and emotional ‘concepts of — 
due The difficulties are not all resolved when the 
the initial construction has been agreed upon. Similar difficulties 
2 in the operation and management of undertakings, where further reconcilia- =| ie 
tion of diverging interests may ay be continually necessary. dor 


Maver 


_ Recent experience with one of the reservoirs in the Far West, is Dieeile /* 
_ of a type of problem likely to be multiplied in the future. With a a full reser- a 
technical experts ‘recommended, on the basis of snow surveys, that the bee 


‘Feservoir be emptied so that its capacity would be available for catching -— 
run n-off. If this had not been done the heavy spring run- -off, equivalent t to the 
mm reservoir capacity, would have created damaging floods. Yet compliance with 
this competent technical advice required extensive negotiations with political — 


parties, private interests, and public agencies, leading ultimately to the 


Governor of the State for final decision. The engineer cannot “ignore 
the brute facts of public pressure no matter how cloistered he may be. N. 
History has shown that each drop of water m: may be. ‘the sou source of deadly 
conflict. The problems cannot be settled in the laboratory, but must be the 
_ adjusted i in terms of public demand. Undoubtedly, the Engineering Profes- ae of 
sion has the task of educating the public in the field of its operations. It is. 2: iy 
a task, incidentally, in which so far it has made no great progress; otherwise, — af abe 
the clamor for faulty engineering panaceas wo would not not have reached the heights Ce No 
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No eas easy ‘road to the. promulgation o of a national policy for flood protection 7 
or for a national policy of broader character is available. Acceptance of this 
has led | agencies: of all levels of Government, and the Water 


Resources Committee and its predecessors (the ‘Mississippi V alley Committee _ a 


the Water Planning Committee National Resources Board), to 


The operations: of the Miami Conservancy District, the Muskingum Con- 

servaney District, the Corps of Engineers on the Mississippi Valley fi flood- 
control work, and of the Tennessee Valley Authority are all indicative of =. 
distinct, although unconscious, desire to direct public action into logical © 
"engineering, financial, and administrative channels. ~The varied 1 experiences 

os each of these organizations disclose a gradual evolution toward emphasis 
a multiple — uses of streams, on drainage-basin concepts, on Federal-local — 
‘participations, and on generally broader handling of stream problems than | 
4 se current in the early years of the century, 

Whether for better or worse, people are beginning: to view the control of 

stream for flood reduction as an integral phase of the use of that ‘stream 7 


for power, navigation, irrigation, public water supply, and sanitation. To 


the writer it is an evolutionary step of merit. it creates complications i in all a 


fields | of. attack, but the objectives appear wise. 


_ To ere | approaches by Federal and local agencies, te 


its studies, the Water Resources ‘Committee has kept _ two basic principles 


lar stream, the States covered by the drainage basin in question (this was 
done on the assumption that no ‘real progress in analysis or solution of the 
- problem would be successful without the highest degree ‘of local participation) a P 


G mind: First, it has included.in the deliberations on the uses of a particu- 


~ and, second, it has assumed that no standard method of approach has yet 
“been evolved, which is invariably applicable to the | United States as a a whole. 
The Committee assumed further that different problems would require 
different structural arrangements for experimental demonstration, and that _ 
“the cost of carrying out such experimental studies in every instance ‘should 
borne by the Federal and local agencies primarily concerned. 
- wane Red River of the North.— —The investigation of the Red River of the 
North resulted largely from a a ‘meeting called on June 1935, in F argo, 
ON Dak., by the Governors of Minnesota and North Dakota to consider the i. 


the Red River Valley. The call the 


of the State Phianing Boards of the three States—Minnesota, North Dakota, Le 


This was followed by a second one in St. Paul, Minn, on 


November 26, 1935, in which representatives s of the National Resources 
- mittee participated. At this meeting, a committee was appointed to develop 
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co- -ordinated for the development and of 
> “the | basin of the Red River of the North. As representatives of the Water 


~ Resources Committee, W. W. Horner, M. Am. Soc. C. E., of St. Louis, Mo 
and Harlan H. . Barrows, of Chicago, IIl., were “delegated to act. At the 
request of the "conference, Mr. Horner was designated the National 
ee Committee as Technical Consultant in the preparation of the ui, 


ts 
Oe July 8, 1936, a a report of the Third Inter- ea) ewe on the 
River of the North Drainage Basin was proposing an adequately 
pv “developed water plan, on a long-time basis, the primary objective of which 


is the development of dependable stream : flows. during the dry periods of the 


"year in quantity ample for urban water supply and for the dilution of wastes, 
To attain this. objective, the plan called for the development of storage i 


Bees water areas, the regulation of stream flow in accordance with a “prede- 


_ termined program, and for improvement of stream channels to minimize water 
The report also reviewed the physical characteristics f ‘the basin, its 


economic conditions and trends, its water problems, and presented a 


of Water 


“recommended program of projects to put the co- -ordinated plan 


This is perhaps the first comprehensive program of river drainage basin j 
rovement carefully developed in the United States, with three “State 
and with engineering control and direction. 


& 
tion, susceptible to step- -by- -step construction in accordance with the financial 
_ capacity of the territory to carry the load. It provides for flood control is 
heavy run- off periods an and for low- water supplementation i in dry years. 


of the report are now (1937) being put into effect. by lod 


It cannot be accomplished otherwise. The case in point illustrates, 
however, that it is feasible, with a certain amount of central direction and 


to interest individual States in the ‘preparation of a joint com- 
_ prehensive program of action. It is hoped that this precedent may be followed — 
witha neces: sary local modification by other groups of States’ having similar , 
pressing problems use. It is not implied, of “course, “that 
local pressures “may not create “deviations from the master plan, but the 
“existence of an agreed “master. ‘plan generally reduces these hazards to a 


ys, The Rio Grande.—Competitive uses of the water of | the Rio Grande be 


ached such an acute stage in 1935 that it became necessary for the 


"Federal funds for | any projects « on this basin north of. El Paso, Tex., “until 
the National Resources Committee had approved the undertaking. “An inter- " 
state compact between 1 the States of Colorado, _ New Mexico, and Texas had 


been i in operation n for 60 some time and was to ddphve 1 in ‘Tune, 1987. ee ee pe 
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In view of the conflicts. of interest these 
the: Federal agencies concerned, undertook a detailed study of the water 
resources of the basin. Both Federal and State groups” have contributed 
- money and personnel to the undertaking. The studies should disclose non- 
controversial bases” for the development of new agreements. - “They may be 
-— tibatitates for Court action and may lead to the evolution of interstate agree- 


= a -— for the use of the Rio Grande water without basic controversy. ‘The 


method of approach is again one for purposes which be adopted 


that widiout ‘two programs pre cannot 
be “pulled out of thin air.” rel 

Kansas” River Flood ‘Studies—The first contribution to the s study of 

Kansas River flood problem by the Water Resources Committee, or its 
predecessors, ‘was made o on November 1, 1934, when $25 000 was made available 
fren expenditure under the direction of the Chief of Engineers, U. S. Army, for 

survey and investigation of the Milford Reservoir site on the Lower Republi- 3 a 

can River and the Tuttle Creek site on the lower part of the Big Blue River. i. 
Before investigations w were started, it was decided to hold | up tl the work pending 
agreement with the Flood Protection Planning Committee for Greater Kansas 

| City, i in regard to the conduct of the study, and the appointment of a Con- 

sultant by the Committee. The agreement was so soon reached, , and the surveys 
went forward during the summer of 1935, with F. H. Fowler, M. Am. Soc. % 

shortly became aparent: that a complete plan for reservoir ‘control of 
the Kansas" floods ‘might require the construction of additional storage on 
tributaries « entering the main stream below the Republican and the Big Blue, 
_ and that considerable information regarding flood conditions in Kansas City = 


é might: be secured from a river model. On the recommendation of the Water 


of Resources Committee additional funds were” ‘made available to the U.S. 
ge Division Engineer on November 27, 1935. a These fu funds consisted of $22 500 
ae for surveys: and borings at supplementary storage ge sites, and $12000 for 
ft river ‘model, which was later constructed at the U. S. Waterways Experiment | 
on _ During the spring of 1936, the Bureau of the Budget rescinded $8 000 of | 
the $22 500, thus preventing temporarily the completion of the schedule 
“of boring at ‘the dam sites. However, : shortly afterward, Congress authorized 
Ve a preliminary examination of the Republican and Smoky Hill Rivers with > Z 
< view to the control of floods, and the Flood Control Committee of the House — 
s of Representatives authorized the Corps of Engineers to review the ee 
River report already published’. As a result, $150 000 was made available to 
the U.S. ‘Division Engineer for additional studies. this amount, $8000 
a was used to replace the amount rescinded by the Bureau of the Budget. Two a 
i series of tests on the river model we were completed at Vicksburg during 1936. 
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ites “Study, of levees, combined with bridges, 


4 
a was initiated by the U. S. District Engineer Office, in Kansas City, after a 7 
- joint inspection by the U. | Ss. Engineer and the | Flood Control | Committee in 
‘The development | of the final plan should represent the reconciled view- 44 
"=a point of all interests. _ The method of approach illustrates the merit of joint 
i~ 4 review by the Corps of Engineers and. the local Flood Control Committee and 
in 1934 recommended to the President the establishment of a Potomac River Nati 
Conservancy District, primarily for the purpose of providing a field laboratory a .. a N 
for administrative and financial principles, and methods polic 
of control. In this instance, as in others, the district was to be under the _ and 
supervision of the interested States, with Federal participation in a minority 
4 membership on the commission. Financing of the enterprise was to be largely q 
local agencies, public and private, with the stimulation of the Federal 
Government. Its purpose is s solely to “develop ‘methods of arriving at 
tions on major drainage basins. No action had been taken on this proposal, 
x as of March, 1937, but it is presented herein as another device for a. 
“ ‘the nation with additional information on the problem of drainage- basin con- 
tocol development. — It was proposed as a more practical alternative | to 
nation-wide drainage authorities, which the ground | is not yet pre 
a pared and which only future careful study can demonstrate to be valid or 


us 
af invalid structures for drainage- ‘basin operation. 


— 


7 Au The National Drainage Basin Study —Most civil engineers are familiar — 
with the drainage- basin ‘study of the Water Resources: Committee. Its pur 


mittee of the National Resources Board, which agencies have been succeeded 


“a The study under the title of “Public Works Planning” was presented to the 
President by the ‘National Resources Committee December, 1936. 
The President forwarded it wes the Congress of the United Séates on Febru. * eS 


of the Public Works and the Water Planning 


if ary 3, 1937. It is to be followed by the issuance of a volume containing the 


detailed findings of the Water Resources Committee. The date 
the publication of this latter volume is the early part of March, 167. es. 

>) az many basins, the plan contains relatively few construction projects, 

7 because of the lack of essential data. a others, fairly complete construction 4 

programs are already available. Obviously, none of the plans is either, fixed 
or final. - No one supposes that any long-term plan for any drainage area 
ean be formulated, immediately, in detail, even if all requisite = 
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significant contribution “to. the framework of an but adjustable 


national water plan.” Iti should serve t to arouse professional and lay interest 
i, in water resources integration, in the extension of these preliminary studies — 4 


the entire economy y of a basin. 


. 3 In this paper, the writer has attempted to show that the vn eine ofa 


in National Flood Protection Policy should not be separated from that of q 
a National Water Resources Policy in general; that the elements of such 
policy are highly complex; that they ‘Tun the gamut of engineering, finance, 

and administration; that they are ‘bound up with the problem of public } preju- a ; 
- dice and pressure; that the contributions of engineering thought are the key > 

to the ultimate evolution a national policy; and such” engineering 
 diiiiiinn 2 ‘must be made on the field of battle and not in vacuo. In order 
to clarify some of the issues and to evaluate some of the procedures, local 
and Federal public and private agencies are collaborating in certain studies. 
As time goes on the results of these studies should disclose certain principles 
oof action and should supply the basis for an ultimate national policy, chang- 
ing in character, logical in administration, and as free from prejudice and 
greed as is possible in a world still fortunately consisting of human beings. A 
perfect syllogism of action is probably not attainable. 4 
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‘THE ECONOMIC ASPECTS OF FLOOD CONTROL 


. JAcoss,* M. A. Soc. 


Flood control isa problem of applied economics in which the social | a 
: $ and protection n of life and property 1 must be evaluated in balancing the me 


formula yet been developed to apportion of such works satisfac. 


the 
act 
€ between Government (Federal, State, and Local), and 1 property owners, 


plan represents a not only in its engineering 

aspects but also i in distributing the sts. 


are e guided by the principles | of economics. Rigid th 
are followed to test the economic worthiness of buildings, bridges, dams, H + é 
railways, etc., before capital is called upon to make the projects possible. 
Heretofore, proposals for flood protection have been subjected to the same a 


rigid analysis. _ Measurable direct damage is estimated and tabulated. To 
_ this is added some evaluation of the indirect damages that cannot be defini initely . 
determined. From this, the average annual damages incurred within and 
without the flooded areas, are determined. If the return on capital to be 
_ invested in protective works, p lus depreciation, maintenance, and operating — 
expenses, is less than the average annual damages sustained, the proposed 7 
‘ project is considered to be on a sound economic basis. Onresd, oS 
It is true that flood control involves questions of economics, because hake: 
destroy wealth and property, disturb the natsoas and exchange of win 


from inundation by waters gone wild? 


bys 


eal than and property ‘suffered by industry, 

and transportation in major catastrophes. As far back as 1882, : 

_ President Chester A. Arthur, in a message to Congress, | stressed the sufferings — | 
of the people of the Mississippi Delta. former Governor of Louisiana, 

the Hon. John M. Parker, felt the of humaniterianien to be so 


Pres., Morris Knowles, Inc., Pittsburgh, Pa 
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af FLOOD CONTROL 
important that he maintained it to be inhuman to. permit ‘three-c of. a 
_ people to be driven from their homes and made dependent upon the 
charity of fellow Americans. In 1927, former President Herbert Hoover, | 
- Hon. M. Am. Soe. C. E., then Secretary of Commerce, in discussing the 1927 
Mississippi flood, said the losses sustained touched the entire nation, and 
subtracted something from the wa wages or income of every citizen. an 
‘The concept of humanitarianism is forcibly brought to public attention 
by the wording of the Omnibus Flood Bill, enacted into law inv 1936 by the 


‘T4th Congress of the United States. This law reads, in part: 


“That at the Federal Government should improve or "participate in the 
improvement of navigable waters or their tributaries, including watersheds — 
thereof, for flood control purposes if the benefits to whomsoever they. may q 


of people are otherwise adversely 


will be. noted from this passage that law now stands there are 


accrue are in excess of the estimated costs, and if the lives and social security = 


other considerations to be reckoned with than money or - property damage. 
4 Under this Act, it is proper for ‘the Federal Government to participate in 

flood- control projects if the life or “social security of the people i is in danger. 

This criterion will be as controlling and persuasive as the financial formula 
| by which it formerly was necessary that projects be economically justified on 
the basis of past ‘experience. There is inculcated i in the minds of this genera- . 


__ tion, more so than in those of the past, a higher regard for general welfare 


‘The construction of flood- on a monetary ‘economic bas 
alone is a thing of the past. Where the lives of human beings are endangered 
_ and where great suffering may occur as a result of floods, protective works 


should be constructed. ‘Tt is too ‘much to ex expect that people shall x move .from 


——- Tn 1906, there oceurred one of the worst catastrophes i in th the history of the 
United States—the San Francisco earthquake—which rendered 25 000 home- 
fee Tess and caused monetary losses estimated at $600 000 000. _ The people of that | 
city had the courage to rebuild on the same site, with the knowledge th that no 
man-made ‘protection could afforded. nature is the same the 
world over, and cities rav aged by floods have been rebuilt just as San Fran- eo 
cisco was. *“R seems to be the spirit | of some to ) reside in danger z zones. _ The 


fet that floods oc occur again | and again has not “acted in the past, and will | 


of enterprises and industries in perilous Tocali- = 
_ ties. Since it is possible to provide measures of protection against floods, the ~ Lo 
people who live in flood-plains must be afforded that protection, = 
.. Furthermore, the returning to homes, or to the location of former homes, 
after a a flood disaster, may uy not be so much a matter of choice as of compul- 

‘sion. City claim that much of the that is inundated during 


adaptable for homes, and that, = 


abive the flood- plate, In large cities, however, many of the com- 


= mercial and industrial enterprises are located as near the | river as possible, 
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are no other houses available i in ‘the district. “ag re ers 
example, of the area in . Pittsburgh, Pa., that was: in 
flood of March, 1936, about 80% is zoned as "heavy industrial.” Under 
the provisions of the zoning ordinance, no residence may be built i in a ee 
industrial district. . Of course, the law is 5 not ez ex “post facto, o, and residences Ee 
existing in such a district at the time of its passage (1923) were permitted — 
* to remain. However, it may be assumed that new dwelling has been 
~ constructed in the heavy industrial zone since that time, and, further, that 
; a house has been - subject to major repair, because Permits could not be 4 
me obtained for either purpose. Many of the houses in the district have already 4 
. been condemned by the Pittsburgh Housing Association as not fit for human 
habitation. During _the flood, the Association made provisions to prevent 
tenants from returning to these condemned houses after the water receded; 
but as homes within the rent range of these tenants were not available i in ~ 
_ other and higher parts of the city, it was necessary, in order to re- “house them, a 
to allow them to return to. their original homes. ~ Such ; a condition m may be yy 


alley yiated by additional housing and proper ‘planning ¢ and but 


The economic problem of 1 flood control does not have a single answer, such 


= the solution of an algebraic equation. There are many ways to reduce 
flood damages. — Retention basins, storage reservoirs, levees, channels, and 
dikes are the ‘common structures. provided. ‘The problem i is ‘not 80 much one 


of design and construction as of determining the most economical type of 


Protective works. _ This requires a competent and comprehensive engineering 
= study. _ A comparison of the initial cost of construction of the various plans 


on the same price basis is necessary. _ Annual charges must be compared - 

against the average annual | benefits to be derived, in order to determine a 


“most economic project. — Consideration ‘must also be given to the degree of 


r protection afforded by each ‘plan, as the human — and social welfare angle — a 


must st not b be ignored. It is also essential that those who must pay for the 
7 protective system have full knowledge of the cost, of what burden they —m 


bear, and of what security the final developed plan provides. eke ode algae 
ye The physical characteristics. of the up- -stream basins will hone considerable 3 
bearing upon the plan to be selected. ad In some localities, sites for retarding 


_ dams may not be available. In alain: the construction of the dams may | be 


economically impossible; ; good borrow-pits may not be available for the con- ‘ 
: _ struction of earth dams; and concrete masonry structures might prove to = 


be far too costly. it the river traverses wide, flat lowlands, levees and 
channel improvements may be the best solution. In the adoption of food: 


— often for the pu — 
of obtaining water for condensing or cooling purposes: 
= ers live in homes near the industries because of the convent: te 
_ ene and economy of being able to walk to work in a short time, Although ff can 
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con 
tection ‘against all floods” will not be furnished 
ean predict the intensity of the maximum flood to come, but the damage © 
& eaused by floods of certain heights can be reduced or entirely prevented, and 
that fact should be stressed by the promoters. ‘and designers of projects. 
In the matter of design and operation of works to impound flood waters, 
ty there are two schools of thought. One holds that such reservoirs should act 
solely as retention basins, and be automatic in control. Others advocate + 
servis th that may be used for many purposes, such as storage for power a 
and water supply and for regulation of the stream during periods of low flow. 
The degree of flood protection desired establishes the basis for the selection A}. 
retention, or multi- -service, reservoirs. Multi- -service reservoirs may 
provide maximum flood control, because and heavy run-off may occur 
when they are full or nearly so, One or more of the services to be rendered = 
by this type of reservoir ‘must suffer because of the others, On the other 
hand, if automatically controlled retention are constructed, future 
conservation of water for other uses will be seriously hampered. 
Examples both methods of control are in service. ‘The at automatically 
= controlled retention basin is best typified by the senervoirs | in the . Miami Con- 
servancy District of Ohio. The more recently established Muskingum» 
Watershed Conservancy District, in the same State, provides for protection 
against floods, by three automatic retention basins and e eleven multi- service Pon. 
"reservoirs. The Sacandaga Reservoir constructed 1930, in New York 
State, is an example of the multi-service type. It is operated as a storage 
=" reservoir to regulate the flow for power interests down stream. 4 At the same 
time, it acts as a retarding basin to some extent, , thereby lessening flood 
heights of the Hudson River, at Albany and Troy, N. Y. wield 


We 
Another typical multi- -use reservoir is the one | on the Tygart River, in » 
West Virginia, which was designed primarily to aid navigation me 
a River which can and will be used for flood- control 


of water will be allowed to accumulate. volume will be drawn 
; on as required during the remaining nine months of the year to assist s 
navigation. Flood water will be impounded during January, Februa do 
March, thus reducing flood heights on the Monongahela River. ey 7 
> ‘The Pymantuning Reservoir, on the Shenango River, in Pennsylvania, 
; was designed primarily for low-water control and for recreational purposes. 
sees its completion in 1933, however, it has been responsible for lowering 
flood heights at and other communities. (The reservoir was 


service projects are worthy; but if flood protection is the major problem 
‘the should x not be to the benefit of other use: 
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gO 


other hand, if. the amount of protection permits the use of malts 


service reservoirs, these projects should be erected, in order to further the 
‘conservation of water as a natural resource. Such reservoirs -eould be con. — 
structed initially for flood control, with provisions for the future installation — 


‘The furnishing of needed funds: for ‘flood- -protection works is a controversial 


question. Should flood protection be considered a problem of local interests 
alone, or should Municipal, State, and Federal Governments share in the 
cost ¢ - Those who live within the flood path do not consider the cost of pro 
— tective works to be a local problem. It is their contention that the his 


cost, or the greater part of it, should be borne by governmental agencies out- _ 
side the affected area. On the other hand, those _ are not directly affected sf 


| 


‘strenuously to contributing to the cost. Flood disasters, bower 


have far- reaching effects and, indirectly, the entire nation suffers to a greater — 


u Following severe and damaging floods, t there generally occurs in the inun- 

‘dated surrounding territory a depreciation in property values 

because of the slowing up of business activities. This is due to the hesitation 
of industrial organizations and individuals to locate in the community. — . 


Losses occur outside the flooded area through the of electric 


to the extent that ‘depreciation of private ‘property reduces ‘the upon 
_ which taxes can be assessed Floods also cause a loss to the Federal Govern- — 
ment, especially where navigation n is affected; lock-gate machinery i is damaged, 
- erosion takes place around wing-walls, and costly re-dredging of channels is 
where and débris have been deposited by excessive flows, 
‘The distribution of the cost of a flood-control project | among g the bene- a 
- ficiaries: is a difficult problem. Should the Federal Government bear the 
: entire cost, one-half the cost, or a lesser amount? What should be the share 
of State and Local Governments, and how should | private interests and those a 
immediately affected contribute toward the cost? 
 Flood- control works been ‘financed in various ways. ‘The Pymatun- 
ing Reservoir, previously referred to, was paid for entirely by - funds appropri- 
ated by the Commonwealth of Pennsylvania, except for certain land 
flowage rights in Ohio, which we ‘were acquired by the industries and other — 
= interested parties in the Shenango and Beaver Valleys, and donated to the 
Cmsainech No doubt the legal difficulties created when one State 
acquires property ir in ‘another, prompted this action. mn. In. the case of the Sacan- a" 
-daga Reservoir, in New York State, almost 95% of the cost was assessed 
5 _diteety against the water-power properties benefited by the river regulation. — 
Although the project has been of value to navigation and has” provided | flood 
protection, only 5% of its total cost has been borne by the public in general. 
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BLOOD CONTROL 


PR 


$30 000 000, without Federal ot State assistance, ‘This entire 


~& The Muskingum Water-Shed project is being financed i in a different man- 

‘ner. The total estimated cost of the work is given’ as $34 590 000. Of this 
- amount, $22 590 000 is to be furnished by the Federal Government from funds _ 

the Public Works Administration 1 for construction purposes. This contri- 


bution includes two elements: ‘First, the PWA grant; and, second, the se 
= for Federal benefits. At the time the Project: was begun, the estimated 


‘construction ¢ cost was $22 000 000. On this basis the PWA grant (30% of con- 


struction cost) was $6 600 000. However, a study was made of the navigation 
benefits: and the savings in fu future construction work for navigation Projects 
on : both the Muskingum and the Ohio Rivers. This benefit. was due to the 
stabilization of the stream flow. _ Credit was also given for the lesser inter- 
to river traffic at times of flood level, Federal participation, due 
pe ‘the reduction of flood crests and the benefit to navigation, was ‘computed ae 
$15 990000, making the total Federal contribution to the project $22 590 000. a 
7 _ ‘The State of Ohio participated o on the basis of the protection afforded State . 


property, including highways. Tn regard to the latter, it estimated that the 


benefits would be greater than the cost | of the relocations made necessary by ‘= 
construction of the “reservoirs, and, therefore, permitted the Highway 
7 Department to co- operate with the Conservancy District in the relocations, * 
State Legislature further a direct grant to District of 
The remainder of the fund, comprising the total cost of 
- mately $34 500000, is being made up by the District itself through assess-— 
ments on benefited properties, and taxation in the District, 
‘Miami Conservancy District is a more heavily industrialized area 
than the Muskingum District, and, therefore, no doubt could 

the burden of providing the entire cost aid. from State or 
_ Federal Government. Conditions exist throughout the country, however, 
_ where the affected area will not be able to bear the entire cost of protective 


works, _ This is expecially true in agricultural areas. 


— 


sis 


be apportioned among the various in with the 
- benefits. a} The percentage of the cost to be borne by each group cannot be 
- by any given formula; it should be determined in each individual case 
on the basis of the problems involved. odt of ofda 


for Federal in the cost of flood control, 


aks 
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he Muskingum Flood Control Work”: A Symposium, Civil Engineering, January, 
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3 Whatever may be the basis of cost distribution, it is ‘essential that the 

cost of the project be established. It should also be broken down to 
> lt reveal the cost of land, rights of way, structures, equipment, and all , other | 
i. major elements, ‘not only so that these costs may be distributed among the 


= beneficiaries, but also to permit the etablishment of correct depreciation rates 
on the various projects. 


Alleviation of. major floods will undoubtedly productive | effici- 
ency of the affected areas. When all industry and trade are stopped by flood, L 

it requires weeks, he months, to nemqee them to normal operating capacity, 

While repairs are being “ms ade, disrupted organizations cannot concentrate 
‘upon their normal activities. Their efficiency is lowered, with the result that 
4 ‘not only they, but their ¢ clients and customers also, suffer to to some extent. ee 
With ‘flood- control systems: ‘installed, rail and river transportation prt 

A will be free of their worst enemy, and the keeping of transportation sys- 


in a state of efficient operation not only benefits local interests in 


flooded | area, but also the nation as a whole. - Particularly would this be so in 


“case of war. Had the 1936 Pittsburgh flood or the 1927 Mississippi Valley 

_ flood occurred in time of war, carefully timed shipments | of _ Supplies and 
ad materials to the 1e seaports would have been 1 seriously. delayed. If the ‘country 

had been involved in repelling an invasion, the hampering effect of the floods 


the efficiency of | organization might have been | even more 


The highway system is just as important ¢ as the railroad and navigation 
systems, and flood- “protection work will enable the construction of 
dependable highways throughout the flooded areas. Airways, t 90, will 


00, W 
= ‘hiailllied in many cases by the possibility of establishing terminals nearer to 


a If transportation systems do not suffer re recurring flood damages, 1 mainte- 
- nance charges will be reduced, and the money thus saved will be diverted to 
Floods have done a vast amount of damage to agricultural lands. Wh 


_ ever crops are destroyed, the loss is felt not only by those directly iam 

_ but by all who buy the products of agricultural industry. - With less soil 
7 - erosion in these a agricultural districts, the farmer will be able to produce his id 
- erops without fear of their being washed away; and the improvement in 


= economic status \ will be a gain not edad for him but for the _ 7 


One of the most serious consequences of a disastrous flood is that, in 80 


far as residential properties are concerned, it affects adversely those 


are least able to bear the burden. As previously stated, of the 
property in Pittsburgh inundated in the 1936 flood was “heavy industrial”, 

but thousands of people lived in this territory. They had not tl the where- 

withal generally to move into better ‘districts. Much of their income must 
for replacing and restoring damaged properties. Incidentally, this reduces 
th the for consumer goods, particularly f food | raiment, and thereby 
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creates: further economic maladjustments. Most of ‘this could be avoided 


proper provisions f for flood control. A 


_ There are many other benefits of flood control that might be mentioned 
“here. The danger of interruption of the water supply of river towns will be 
reduced. The value of industrial sites s along the river ‘Plains will 


developed. and business which “depend upon 
ing tourist trade will profit through the prevention of stream erosion. The 
. artificial lakes created by multi-service reservoirs will themselves provide a 


_ of outdoor enjoyment that is rapidly becoming an important part o 
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Boi FLOOD CONDITIONS IN NEW ENGLAND 7 


In New England there have been two disastrous floods within the past nine 4 


years _ ‘The losses due to the flood of November, 1927, a are estimated at about 
$40 000 000, with nearly two-thirds of this i in ‘Vermont. 


ted 


With a the estimates virtually complete (February, 1937), the damages due 
to the March, , 1986, flood amount to about ‘$70 000 000 , of which $55 000000 

occurred in in the Merrimac and Connecticut River Valleys alone, 


ay an The problem o of preventing or or lessening of damages | to all kinds of a 


if floods has received considerati fom the roughout the ages and m: many solu. 


tons have Been 


_ There is no complete practical cunaia but numerous partial solutions 


ean be offered. Many of these are suitable only where 


them practical. Even where there is a solution, it may 


In New England, one of the which economically fea tle 


«1 is to build reservoirs designed for storage, which afford a large measure eG .: 


flood Protection as as a a by-p ‘produet. 


of the important water- -pow er centers have experienced their ‘complete ae 
ment during this is period. Previously, floods, although 


Under conditions, with large important cities 


rivers 
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4 of the older cities situated on the rivers of New England 
a 
— 
nd their vari- — 
serious and the economics of flood control are being investigated. 
— _ It is unfortunate that the records of the behavior of New England e | ‘- 
g ay are so meager, and it is of increasing importance that all available pg Mi 
tion be collected, recorded, and properly interpreted for future use jn com 
©#Hydr. Engr., Chas. T. Main, Inc., Boston, ime 
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ent FLOOD CONTROL — 
Topoarapay or New 


“the State of Vermont in two, and then extend across Western Massachusetts 
into Northern Connecticut as the Berkshire Hills; and the White Mountains, © 
which occupy most of Northern New Hampshire Pee extend half-way ae 
Northwestern Maine. | The general level of these mountains is between 1 000 

i 2000 ft, with: ‘some areas above 2000 ft a and the — 
of the largest Nee. ‘England rivers rise | within a 50- mile radius 
the White Mountains: he Kennebec (drainage area, 5970 ‘sq miles), the 
"Androscoggin (3 470 sq_ miles), the Saco (1720 -8q_miles), the. Merrimac > 
(6015 sq. miles), and the 320 miles). 


An upland area, where the rivers move sluggishly 
containing a large number of lakes. Valuable storage has been created in 
many of these lakes by the construction of dams at their outlets. The 

Rangeley System, on the Androscoggin River, and the Moosehead Lake 
~ on the Kennebec River, are the most notable examples of this. Ti ay 
i (2) A central part, characterized by steep slopes and narrow valleys o "4 


’ main rivers. . Many of the tributaries entering this stretch come off the 


ountain sides, and are very flashy \ Ve 


A lowland area in which the slope of the: rivers is less 
more concentrated by ledge barriers. Above ‘these. barriers, the valleys 

- widen out, and the banks are low, so that in time of flood large amounts: : 

if _ of channel storage space become available, It is at the ledge | barriers that 

os the valuable early water powers, such as Holyoke, Mass., Lowell, Mass., and 
Lewiston, Me., were developed. The tributaries in this | stretch are gpnerally 


12. sluggish, with practically all the available fall and so ‘some e storage developed. 


The Penobscot River (drainage area, sq miles), , the largest i 
Maine, rises in the mountains east | of the head- -waters of the Kennebec. 
Compared to the other Maine rivers the level Fp —spoam part is larger and the 
 Water- -shed wider in proportion to the length. lakes and 


West of the Connecticut lies the Housatonic River area, 930° 


chusetts and Connecticut. “This river is ‘relatively flat, with a wide 
affording much channel in times of flood. The amount of 


1. 


‘The west slope of the Green Mountains i is drained iter the four Vermont _ 
rivers which are tributary | to ‘the St. Lawrence River b; by way of Tale Cham- 
plain: Otter Creek (the - farthest south), the Winooski, the Lamoille, and the 
- Missisquoi, the drainage areas being 925, 1076, 710, and 885 sq miles, respec- 
tively, - Otter Creek is the flattest and most sluggish, with ‘some natural storage © 

in the n numerous marshes and flats. 7 The « other three streams to the north: are 
‘more precipitous, with very little storage, natural or developed. 
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1.—RaINFALL IN New NovemBer 3 anp 4, 1927, 


previous records in their "respective sections, were by ‘stil 
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_ The floods of November, 192 ds, both of which 
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. ® The 1927 flood was much more localized than th 1936 8 flo uae The worst , 
of the damage was confined to the State of Vermont, with ‘peheeaily high — 
flows occurring on drainage areas of 1000 sq miles or less, 
On the other hand, the effect of the 1936 lood was felt over New. 
England, the areas least affected being the State of Vermont and Northern — 
Maine. was on the large rivers that the record- -breaking flows occurred. 
: | Although the total damage in the 1936 flood was s about twice as great as in 
~ 1997, the devastation wrought by the 1927 flood was much more intense in the 


localities affected, and the loss of life was much greater. ba Si Se 


March 9 - 21, 1936 
= October 3- 4, 1869 


Rainfatt 


— october 12- 14, 


2. —RAINFALL- RELATION FOR Great SrorMs | IN New E 


November, 1927, “flood from. the torrential rains produced 


and another the When tide. storm began, the was 
still saturated from the heavy rains of October 18 to 21; the surface storage _ = 
been largely utilized ; and the rivers had already risen to medium 
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which ‘produced the 1927 flood occurred almost on 
November 3 and 4 (Fig. ‘The precipitation was greatest in Vermont, with 
the maximum recorded at | Somerset (Elevation 2.080), in the ‘southwestern 
7 part of the State (9. 65 in. in two days). It is - probable that 11 to 12 in 
fall in the higher portions of the Green Mountains, Another area of high 
rainfall was centered near the Rhode Island-Connecticut State line, 
+ day 1 rainfall exceeded 9 in. over an ‘area of about 500 sq miles, 460 of which 
in Vermont, in the Green Mountains, 40 inv Rhode Island and 
Connecticut. rainfall exceeded in. over an of about 22.000 
miles, or one- -third the area of New England. ‘Data on the rainfall. 


ae Tan a — of this great precipitation, the rivers quickly rose to flood ; 
stages on November 3 and 4 and filled many of the valleys. Excessively 


hig . velocities on the rivers with steep | slopes, such as the Winooski and the 


White in ‘Vermont, caused sudden flood peaks which arrived at night. The 
inhabitants were taken unawares and many were drowned in their hows, 
In Vermont, 87 lives “were lost, 55 of. them in the Winooski River Valley. 
The total property damage in New England was about $40 000000, of which 
$26: 000 000 in to 3.27% of the 


Flood of March 1936 
— x Flood of November 1927 
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a om: the Winooski Rien a flow of 116 000 eu ft per sec was observed, 
to 114 eu ft p sec per sq mile. On the River, 
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202 cu ft ‘per sec per sq mile. These flows are 

maximum of record in New | England for drainage areas of comparable 
4 On smaller drainage areas, much greater discharges per square mile 4 
es observed. Many of the 1927 flows are given in Table 3, and are » plotted — 
flood November, 1927, has been described so thoroughly in the 
report of the Committee on Floods of the Boston of Civil 
4 


a 
. ‘The fundamental cause was, of course, the abnormally high precipitation in Hu 
i er a period of unseasonably warm weather which quickly melted the heavy snow — a 
P cover. The first storm; March 12 .nd 13, melted most of the snow and 3 x: e- 


produced flows considerably greater than “the usual ‘spring freshet. _ After 
a lull, with the rivers bank-full bet receding, there came three more e days 
.: unusually heavy rain which fell on ground largely bare and frozen, with ‘i 


that cause the annual spring freshets in New 


into the | streams and built up ‘record- breaking flows. The | yey 
rainfall was the primary reason for the flood, factors 


Climatological Conditions Prior 1036 general, the 


winter of 1935-36 in New England was one of about average precipitation, a < 
lower t than average temperature. For New vy England as. whole, the 
average temperature for December, 1935, ‘and Ja anuary and February, 1936, 
20.6°F, which is 3.2° below the mean temperature for these 

deficiency applied about equally to all six States. 
The total precipitation for these three months was 10. 32 i in. ., Which + was 
¥ et 41 in. above the normal. The total snowfall, to March 1, as recorded by 


number of stations, was 35 in. in ‘the Southern States a and in. in the 


: 


States, or about 5 in. above normal. 


jae winter was a severe one, characterized by long- continued periods - ae s 


sub- freezing weather, with few thaws. Data collected by the ‘power com- 


anes and winter sports organizations indicate that by March 1 the snow ‘cover i 4 


> 
As 


a i mountains; in Southern New England, it was from 1 ft to 2f ft thick. 

S _ During most winters the snow blanket i in Central and Southern New Eng. g- i a 
_—Tand lies in layers of f crust and powdery snow, due to the alternate periods of Je 

freezing and thawing. In the > winter of 1935-1936, however, the ‘snow came 
ey early, and because of the lack of thawing weather the blanket was light and — 
powdery throughout its depth, which made it much more susceptible to 
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My From March 1 1 to March 10, , conditions Ain etal ‘normal, | with one 
“hard freeze on March 2. On 3, pm was a snowfall, adding 
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Scale in Miles 


‘Fic. 4.- —RAINFALL In NEw ENGLAND, MakcH 11-13, 


to the existing snow cover. hi March 9 a rise in temperature 


to above normal began, coupled with a light snowfall in Northern New 
ae and ‘moderate rain in ‘Southern New — on March 9 and 10. 
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Heavy rain began on March 1 aa continued on 12 ond 13. The 
ba area of greatest precipitation centered in the White Mountains (see ‘Fig. 4). —_ 
a ~The maximum rainfall in the 3- day period amounted to 7.78 in. and was” 
b reported at the Pinkham Notch Station, which is on the northeast slope of r.-3 
Ge Mt. Washington, on, virtually on the divide between the Saco and Androscoggin 
waters -sheds. In the same period, the water equivalent of the snow cover 
that ‘melted in the vicinity of this station amounted to about 3 in. . During | 4 
thin storm the rainfall was 7 in. over an area of about 70 sq sq miles, 63 in. over wry 
6 50 sq miles, and 5 in. over 1400 sq miles. 
precipitation was accompanied by an inrush of warm air the 
Gulf, causing abnormally high temperatures which melted most of the snow 
- cover i in Southern New England and a part of that in Northern New England. — 
The: daily ‘record of maximum and minimum temperature, ‘rainfall, ‘nd 
the ) quantity of snow cover at eight typical stations in New England | are 
ig given in Table 1. 3 _ The quantity and extent of the precipitation is a is also shown 
jin Table 2, which gives the daily rainfall for twenty-six stations. _ Only those 
oniaen were included which h : 
each station the water equivalent of the snow depletion been added 
give the total equivalent precipitation during the period. 
4 ‘The | combination of rainfall and melting snow resulted in a flood peak of Et 
‘major proportions on March 13, which carried a heavy ice burden. ine This” 
flood is comparable to those which may be expected once in about every 
twenty- five years. The ice, being hard and strong, caused much damage 
ae to river structures, and in many cases to buildings located on the aa 
Serious ice jams: also formed on some of the rivers, causing severe valley 


flooding. In some instances the ice jams acted as. diversion dams, causing — 
Hy The first flood had largely passed down the rivers by March 16, but some 
rain continued to fall afterward. fi Then a storm reached New England on a 
March 18 and 19, giving rise to the record-breaking flood of March 19. 19. This i 
=: resulted from the junction of a moderately strong low-pressure area 
from the States with another low area coming Indiana. The 
i tdme caused | an inflow | of tropical and marine air which moved slowly to 
the north east and reached New England | on March 18. 
a In the second storm, March 17-19, inclusive (see Fig. 5 and 1 Ta les 1 and ate 
—Y), the rainfall was mm much greater than in the first storm. The area of grostest 
precipitation was again the W hite Mountains, and the Pinkham Notch _ 
Station again reported the maximum precipitation, 10.76 in. The water 
-— qquivalent of the snow cover which melted at this station was about 4 in., = 
making ; a total equivalent precipitation of about 15 in. The rainfall was in oat’ | 
— of 8 in. . over an area of about 300 sq miles, and in excess of 5 in. over 
about 1000 sq. miles. There was also about 5 in. of rainfall over 600 sq rele’ 
in Central Massachusetts not included in the areas mentioned in| the pre- 
5 Another intense low-pressure area from the Ohio Valley followed on oe 


21, closely after the southern storm, his heavy rains in certain sections — 
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e ‘a New England on n March 91, and a third 1 flood d peak of minor proportions on 
March 22 on the Merrimac River and some of its tributaries. a 
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1 in New ENGLAND, Marcu 17- -19, 1936 pt ae 


he for’ the entire period, March 9 9 to 21, 
considerably greater than the sum of the precipitation during the two prin- ; 
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FLOOD CONTROL 


cipal (March 11 to. 13, ‘and March 17 to 19), as : at “many stations 
there was some rainfall almost every day. The total rainfall at Pinkham 

Notch was 21.79 in. % The | entire snow cover at this station, 30 in. (with a: i 
rainfall equivalent of 7 7.5 in.), ‘melted during the period, making a 

The gi general pattern of the isohyetal lines for the pe period is similar to ans’ 
fo the two individual storms. The area | of greatest Precipitation centered in 


of ‘Merrimac, and ‘central portion of ‘the ‘Androscoggin 

7 _ Shed in a roughly elliptical shape with the axis from northeast to southwest. 
The -10-in. isohyetal line « encloses two. large areas: One, of about 1100 
4 Sate White. Mountains; ‘the other, of about 600 sq ‘miles, i in the 


Androscoggin water-s shed, with its center at Rumford, Me. The 10-in. 


7 - isohyetals also ¢ enclosed a smaller area in Central New Hampshire, centering ite 
on the southeastern end of Lake Winnepesaukee, and another in Centra) 
a Massachusetts, near _ Worcester. _ ‘The extent of the rainfall for the period, 


| March 9 to 21, inclusive, as compared with other | great storms i in New England, 


water equivalent, so ‘complete as on precipitation and 

On the Conneatiout River water- shed, an extensive survey of the snow 
and its water equivalent was about March 1. Airplane views ot 
the Connecticut Valley taken between March 21 and 24 indicate that by that eg 
time the snow cover was gone ee the principal river valleys to within | 


the River water- --shed an excellent series of period ic 
observations of the snow cover and its water | equivalent was taken in con- 
- nection with the regulation of the storage. A similar set of observation, 
although not so extensive, was taken on the Upper Kennebec water-shed. dp 
aa. et Scattered observations made in n other parts” of New England agr agree fairly 1 
well with the results in these three river valleys and indicate that, in om: 
eral, except in Northern New England, the snow cover was equivalent i 4 
about 25% ‘moisture; in in other ‘amills in. of snow was was ‘equal to 1 in. z 
wear the Upper Androscoggin and Kennebec River water-sheds the <2 
was he heavier, with a higher moisture content. Observations 1 made in this 
region 1 about March | i; showed moisture in the layer o of snow near the ground, 
that the ground was frozen little, if at alt, in this locality. HE 
Fig. 6 is based largely on on data from the stations listed in Tables 1 and 2 is 
ee | ‘The lines | show the sum of the rainfall and the water equivalent of the snow i. 


eover which ‘melted | between March 9 and March 91. The general pattern of 


these lines is similar to that of the isohyetals of Figs. 4and 5. The 10- in | 


An of the data for the entire month of March, 


s which 


includes about one-half of New England. 
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"Based stations, which cover the entire orca of New 
average temperature for the month was 38.9°, which is 6.5° above the mean 
- for March for the past 49 yr, and higher than the | average temperature ure for 


win? 
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Pia. Raina PLus EQUIVALENT OF Snow IN New 


Marca 9-21, 1936 


hes, 


March in “every year of ‘that period except 1903 and 1921, — Based on 178 
1% records, the average precipitation for March, 1936, was 8.04 in., which ig ‘on 
in greater than the mean for the past 49 yr, and greater than any March on 
yl record, , and most of this precipitation oceurred during the period from March 
Estent of the (1936 _Flood.—In most of New England the 1936 ‘flood 
4 exceeded all existing records for high flows. ‘The ¢ areas in which the flows 
V th M 
not unusually great were Vermont it and Nor hern aine. 
isd E On most streams the flood had two peaks, the first ‘reaching a will 
_ on March 13 and 14, and the second and greater flood reaching a ‘maximum on 
March” 19 and 20. On certain rivers there was a third peak much lower i 
- than the other two, on March 22 and 23. _ The first peak has frequently been " 
the “ice flood” because of the damage inflicted by floating i 
‘More data are available on the 1936 flood than o71 on any previous one. The . 
1927 flood made New ‘England ‘ “flood conscious” and, i in addition, before 
the 1936 flood, ‘governmental and State. agencies ‘were actively studying flood 
ss control, water storage, and stream pollution. Furthermore, private agencies, 4 


— the utilities, and the water power companies, have always been n active in the 
~ eollection o of p pertinent data. Thus, 1 when it was evident that a major ‘flood 
was happening, all these agencies united to obtain as many data as possible. | 
_ As soon as the flood | had subsided sufficiently to permit it, parties were put in 
the field to continue this work. Particular mention should be made of the % 
Geological Survey force which, laboring under difficulties, made 
_ eurrent- meter measurements at or near the peaks at many stations, thus 
- obtaining definite measurements of the higher flows and providing data for 
1936 flood peaks are given in Table 3, data on 
~ recorded maximums. This tabulation covers all the important rivers in New 
nl England, with special emphasis on those in which the 1936 flows were high. 
es addition, Table 3 includes the total run- -off, in inches, where » the data ae 
_ available. The run- off has been computed in all cases for the period, March — 
12 to 26, inclusive, which seems to be the best average flood period on the 
various rivers. A consideration of the total run-off demonstrates the magni- 
. _ tude of the flow. The mean annual run-off of the larger New England rivers 
is about 22 ‘in. a In many cases, the total run-off for the 15- “day flood period 
s much as 9 i in., or about 40% of this amount. 
From the records of the U. S. Geological Survey and from those of the 
power companies, flood hydrographs have been plotted | for significant 
on the Kennebec, Merrimac, and Connecticut Rivers. 
Kennebec River.—The _ hydrographs of the | Kennebec “River, Maine 
Gig. ‘D, cover the length of the main river, and are also well spaced as a 
* a drainage areas. The first flood peak, of March 13 and 14, was a “down- sriver” 
peak, and was produced | by a moderate rainfall plus temperatures above 
ow hich melted a large por portion of the snow cover on the lower water-shed. This i 
pr rre was accompanied by ice jams from Bingham to tide-water at Augusta, 


and there 1 were further i ice jams ns on M March 14 in the tidal part. of the river'@ all 
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“the way to the mouth. The ice jams were the occasion of ‘much of the » * 

damage. The effect of an extensive ice jam in the river above Waterville is bh 
indicated on the Waterville hydrograph CS a 
=. The peak of this first flood at Waterville, 71 500 cu ft per sec, was not uh a r 
in terms of the entire water-shed, but from the 1670 sq miles of intervening _ 
drainage area below Bingham, th the peak was about 42000 cu ft per sec, or on 
87.1 cu ft per sec per sq mile. 
ic. the second flood there were were further ice jams, which were caused by 
up-river ice. x These jams can be observed in the Waterville and Skowhegan ~ 

; hydrographs. — One of them broke and passed Waterville at 1:45 P. M., 


March 19, and reat 


| 


_E 


reached the . “Augusta Dam at 4:40 P. M., traveling a a a distance | ve 


= of 20 miles in 3 hr. _ The peak of the second flood at Waterville, of 157 000 Bs 
: | su ft per sec, amounted to 52.2 cu ft per sec per sq mile, on the 3000 sq 
Ag miles of drainage 2 area between Moosehead and WwW aterville. 
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1.— KENNSBEC RIvER HyDROGRAPHS, FLOOD OF MARCH, 1936 


‘These slbdetadie’ of the flood on the Kennebec River show graphically 


. t great value of the storage of the Moosehead System. In the period, March A 
q “xe 26, inclusive, 16 300000 000 cu ft (375 000 acre- -ft) was stored i in 1 
me - Moosehead, a raised natural lake, and Brassua, an artificial reservoir, ond 


"practically no flow was released. The quantity stored is equivalent to 5.7 in 


> the Moosehead water-shed of 1240. sq miles, or 17 in (about 23% of Te 
“the run-off) over the entire drainage area above Waterville. Another measure _ 
oe the value of this storage is shown by a comparison of the run-off of the . = 
Dead River and Moosehead Lake. The Dead River, an important tributary 
immediately below Moosehead Lake, with no storage and with a drainage rs 
» area much like that of Moosehead » had a peak run- off 0 of 82. 4 cu ft per sec a 
‘Per sq mile, and a total run-off of 8.5 in. from a drainage a area of 878 sq miles. 
On the other hand, there was practically no flow from the Moosehead drainage 


area, all the run- “off going: into storage. 
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ad th | te | Cubic | | 


4 - St. John at Fort Kent, Me 
St. Croix at Baileyville, Me.. 


Pznosscor River Basin: 


al West Branch, near Medway, Me. 
Penobscot at W. Enfield, Me.. 
East Branch at Grindstone, Me 4/30/23 
Mattawamkeag at Mattawam- 
_ Piscataquis near Foxcroft, Me... ? 9/29/09 
- Piscataquis at Medway, Me... 
River Basin: 
Kennebec at Moosehead, Me u 
Kennebec at The Forks, Me.. .. 
Kennebec at Wyman Dam, Me. 
Kennebec at Waterville, Me. . 


Sebasticook nr. Pittsfield, Me... 
Anproscocoin River Basin: 
Androscoggin nr. Gorham, N. H. 

_ Androscoggin at Rumford, Me. 
Androscoggin at Gulf Island, Me. 
Androscoggin nr. Auburn, Me.. 
Androscoggin at Brunswick, Me. 
Little Androscoggin nr. So. Paris, 


Sieg 
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BSS 8 
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3333 


qq Presumpscot at Sebago Lake. . 


Saco River 
Conway, N. H. 


Bos 


ty 


Saco at Cornish, Me. . 
Saco at W. Me... 


Ellis at Goodrich Falls, N. H.. 
Salmon Falls nr. Lebanon, Me.. 
Ez nr. Lincoln, 


Pemigewasset at Plymouth, N.H. 
Pemigewasset at Ayers Is., - H. 
Merrimac at Franklin, N. H... 
_ Merrimac at Manchester, N. H.. 
Merrimac below Lowell, Mass. . 
Merrimac at Lawrence, Mass. . > 
Bakers nr. ! j J 4/12/32) 5 280 
Smith nr. Bristol, N. H.. 35. 4/27) 5 800 
Contoocook at Penacook N. H.. / 
Sumcook at N. Chichester, N. H. 
Nabe at N.H.. | 9 300 


Ipswich nr. Ipswich, Mass. 
_ Blackstone at Woonsocket, R. I. 
 Shetueket at 8. Windham, Conn. 


at Putnam, Conn.. 
Jewett City, Conn. 


— 
tm 
— 
— 
— te | Cubic | feet | 
— per sec- 
| | ond per | 
5 690 | 1926- 5/ 3/83|121,000 | 21.8] 23 | 82000) 144) 
1320 | 1919- | 5/ 1/33] 23 300] 17.7] 23 |17100} 130] 49 
— 24 100 
35 100 
i 43 900 
| 21 700 
— 36 000 
— 
57 500 
— 800 
— 
1901-1907] 9/17/32] 20 100 $1.2 
— 
1929- | 5/ 4/201 13 900] 10.0 
1892- | 11/ 5/27] 46 700] 22.3 
— 
.| 95.0] 1929- 4/17/32] 13 000 | 136.8 
| 386 | 3/971 04 000 | 
— | 3/07] 24 000) 62.2] 19 | 45000] 116.5] 16.0 
1298 | 1916- 5/ 2/23] 23 000] 17.3 49400] 38.1 | 
— 5/2/23) 27 soo} 17.7| 22 | 50200] 37.7]... 
453 4/19/23) 7440] 16.4] 14 
1928- | 4/19/23] 3550] 24.1] 19 | 5 500 
104 | 1928- 5/3/20} 8000] 76.9] 19 | 17 000 
7 90.7 71 400 
‘ 20 144 000 
23.5] 20 1173 000 
3B 6| 20 |174 000 
67.5| 19 | 8 
23.0) 20 | 45900) 59.8 
5/27] 12 900} 31.1] 19 | 15000) 36.1) 
406 1913- {12/15/20} 8 900 16 000 | 39.4 ma 
1927- | 3/ 6/34] 6 200| 40.7) 
712 | 1918- {11/5/2713 100 | 18.4! 129000! 40.7 
— 
— 
<< 
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— at White R. 


at Vernon, Vt. 
Connecticut at Turners Falls) __ 


Mass. 
Connecticut at Montague Ci, 
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Ashuelot at Hinsdale, N. 7 
Millers at Erving, Mass. 
Deerfield at Charlemont, Mass. 


aseesess 
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21 
17 
140 
14. 
3 12. 
20 
85 
13. 


‘Nougatuck nr. Naugatuck, Ct. 


‘Hountonie at Stevenson, Conn. 
ew at Adams, M 


Otter Cr. at Middlebury, Vt... 


Winooski at Montpelier, 


Winooski nr. Haver June. 
Dog at Northfield, Vt... - 


Mad at Mooretown, vt. 
Tamoille at Johnson, Vt.. 


692 | 1920- 4/13/34 80.4]. 
an Marines: Riwer. —The flow of the Merrimac River is shown in - 


e Lawrence in the only ulin of March 1 13, and caused 
first a and on a very rapid rise of the water level 
_ For the period, March 12 to 26, inclusive, the run-off at Lawrence was — 
equivalent | to 9.6 in. over the entire water-shed, which is of the: mean ' 


River and Station squere | record | = | | Cubic | | feet | March 
4 miles feet March, | feet per sec- Us 
w | © | per sec- | | Per | ond per | 1936, in- 
sj 13 | 28400} 35.7] 
19 | 77 800| 27.6] 8.5 
7 138 | 1915- 11/ 4/27|171 000 19 [19 
a 
370 | 1914- | 11/ 4/27] 6 350 
362 | 1913- | 7/ 8/15] 50 600 
"Ware at Gibbs Crossing, Mass... 199 | 1912- | 9/17/33} 2 960 
W. Ware, 186 | 1910- | 47/7/23) 2 300 40.7 
Quaboag at W. Brimfield, Mass.| 151 | 1900- | 3/17/20] 1 980 24.6] 8.3 
Mid. Br. Westield at Goss 52.6] 1910- 9/17/38] 6 310 
Hamington at Tariffville, Conn. 1928- 11/21/32] 7 610 [92200] 30.0) 4 
280 | 1913- 5/27} 5 600 20.3; 19 | 
~ | 5/27] 11 700 18.2] 21 | 14 500) 22.5) 7.8 
1550 | 1928- | 3/ 5/34) 23 700] ...... | -..... | 67 700 
40.2] 4/ 1/82) 1030) 22.3) | 3685) 
390°} 1981- 4/27] 10 218 | 262.0] 18 3 860 “98.9 17.6 
1910-1920}11/ 4/27] 13 600} 21.7} 19 | 11000) 17.5] 
420, | 1900-1028}11/ 3/27] $7 000 | 135.8 | 2000} 47.7)... 
11070 | 1928- —_|11/ 4/27|116 000 | 108.2} 19 | 61000] 57.0]...... 
289 | 1910-1913},1/ 3/27] 36 600 | 126.7| 18 | 10000] 29.9]...... 
| 
— 
td _ Lawrence, Mass., the shape of the first peak on March 13 and 14 is consider- ae eo 
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Drainage} Flow from 
‘Station | Areain| Records | CuFt 


Pemigewasse 


Merrimack 
at Franklin 


| 2850 |Power Plant] Power Plant} 144000 


\ 
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| Fic. 8.—MERRIMAC RIVER -Hyprocrarus, FLoop OF Marcu, 'H, 


The magnitude of the flood river was considerably 


reduced by valley | storage. Between the Lawrence Dam and the junction — 
of the Winnepesaukee and Pemigewasset Rivers, at Franklin, the valley stor-— 
> "age amounted to about 17500000 000 cu ft (400 000 acre- -ft) equivalent to 16 
in over the water-shed above Lawrence. The total “amount of reservoir — 
storage now developed al above Lawrence is 12 000 000 000 cu ft (276 000 ) acre-ft). 
Connecticut River—The flow of the Connecticut River at five U. 
Geological Survey Stations is shown in Fig 9. ‘Two floods occurred on this ay 
_ river, one having its peak on March 13 and 14, and the other on March 19 4 
20. The first peak was confined largely to the middle and lower parts h 
of the water-shed, as indicated by the fact that it amounted to only 11 000 eu 
"4 ft per sec, or 7.2 cu ft per sec per sq mile, at Gilman, Vt., as compared with a 
a 14.7 eu at: per sec per sq mile at Montague City, Mee, This first peak was ha 
not as high relatively as the corresponding peak on the Merrimac River. . “2 
t. Montague City the peak of March 13, which reflects some interference by a 
. ice jams, w: was about 115000 cu ft per sec, and the average daily flow was 
- 110 000 cu ft per sec, or 14 cu ft per see per sq mile. In the 56 yr of record 
on the Lower Connecticut River, flows of this magnitude have occurred only a 


SAA 


the Connecticut River, the wi valley storage was ‘Telatively ‘greater than 


in 


4 Conn nn.), and “Waterford, Vt., the total 0 
42 400 000 000 cu ft 000 acre- -ft), equivalent to 1.9 in. on water- 


— 
— 
— 

ee a was 9.8 in., indicating that the run-off was uniformly distributed over the Leg “sto 
entire water-shed. This fact is also indicated by the high run-off of trib. 80 
| 
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8.000000 000 cu ft (184 000 acre- to about 0.4 in. on the 


Connecticut 


River Sa 
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9. —Connecricor | River Hyprocrapas, or 1936. 


The second peak prevailed. over the entize water -shed, the unit run- -off 


run-off (80 yr of record) of 99 in 

long-term are available in New England than other 
 Tegions of the United States. "The ‘magnitude of the 1936 flood can be best __ = 
Judged by a review of these records on various streams. Reference is made 
es this connection to Table 3. ‘The following detailed r remarks are also of 
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River. —At Hartford, Conn., a record of r river: stage 


4 ‘any previous stage within the memory of any one living at that time. | The 
next great flood, which occurred May 1, 1854, reached a stage of | 29.8 a 
The flood of | November, 1927, crested at 29.0 ‘ft. . At: the peak of the 1936 a 


flood, the stage was 37.3 ft, greatly exceeding ai any flood for at least 150 m 
Holyoke, Mass., records maintained by the Holyoke Water Power Company 
available since 1880. The p previous maximum flood occurred in November, ‘ 
1927 , when the flow was 169 000 cu ft per sec as om the 1936 flow of 


i Merrimac River. —Records have been kept by the water on companies, — 

at Lowell, Mass., and at Lawrence since 1846 and 1848, respectively. The \. 

- average 0 of the maximum flood each year for the S1-yr record, , 1846 to 1936, -. 

- _ At Lowell, in that period, ‘there have been five great floods: 10, take 4 
1896, 1927, and 1936. _ The notes of the late James Bicheno F Francis, Past 
President and Hon. M. Am. Soc. ©. E., the Engineer in « charge of the water, 

power at Lowell from 1845 to 1885, state that, in 1785, there was a flood of o 


substantially the magnitude as in 1852. The latter reached a peak 
—_ of 108000 cu ft per sec. In 1895, 1896, and 1927, the: flood peaks th 
were 18.9, 20.8, and 17.3 cu ft per ‘sec per sq mile, respectively. - In March, = i « 
1936, the peak of the “ice flood” was 90 000 cu ft per sec, and that of the: = 
week following, 173.000 cu ft per sec. In other words, in 1936, the first 


peak was the fourth greatest in a period of about 200 yr, and the second 
bs On the Pemigewasset River area, 622 sq a tributary 
the Merrimac which drains the southern slope of the White Mountains, a 
record has been kept at Plymouth, | since 1 1886. The five food 


per Square Mile 
July 15, .32 800°... 
April 29, 1923................83800 . 


sigs 


March 13, 46 200 . we bin TH ody 
‘Kenneboo: Riwer: —At Waterville the approximate height of the great floods 
ss ginee about 1836 has been obtained on a landmark known as the hee oak”. psig, [ 
Elevations. of the scars left by the great freshets are are as follows: 


aa 1048 April 80, 1887.......+.-1022 


October, 1869... ..102.7 March 20, 1936. 106.3 
Average daily flow. No data available on the flood peak, which 
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flood. of May: 29, 1832, had an estimated peak of 140000 cu ft 

per sec.” The flood of December 16, 1901, had a peak flow of 157 000 cu ft per 

sec, as ‘measured at the Hollingsworth and Whitney Dam about a mile ~ 
: stream. The flood of March, 1936, also had a peak flow of 157000 cu ft per 
88 measured at the Hollingsworth and ‘Whitney Dam. Because of 
heavy run of ice, the scar left by this freshet was very wide. The e elevation 
is of the middle of of the scar record of 


ih spite of the fact “that the 1936 ‘flood was: greater than any on recor 

on most of the large yivers in New England, the flows A say square mile on some a4 
27 

J of the m the 192 


Te drainage areas of about 1000, sq miles, the maximum flow on record 


is that of the Winooski River at Essex Junction, Weis , 111 cu ft per sec per sq 


mile. In 1936, no flow of more than-¢ 60 cu ft per sec per 6q sq. walle was measured 


ona drainage area of this ott nh, 
For drainage areas of about 500 sq miles, the 1927 unit flows were also — 
- much greater. In 1927, the White River (Vermont) had a peak of 174 cu 
na per sec per sq mile on a ‘drainage : area of 690 sq sq miles. , In the 1936 flood a ‘= 
the nearest approach to this unit flow occurred on the Pemigewasset. River, 


6 
at Plymouth (104.8 cu ft per sec per sq 622 sq 


_ As for areas of less than 100 sq itl; in 1927, unit flows of 303 and 2 


4 respectively—Jail Branch « and North Branch, tributaries of the Winooski 
River. (Detention basins on these two streams were completed in 1935 by — 
the Army Engineers.) No flows of this magnitude were recorded i in 


“comparable unit flows 201 and 169 cu ec 


qu ft per sec per ‘8q mile occurred on . drainage areas of 38 and 67 sq mi 


dence, R. I., and Boston, Mass., District Offices of the Corps of Engineers, 
8. Army. The work of gathering tabulating these data is largely 
_ completed (1937) although | some of. the figures given are subject to some 
‘further correction. These figures do not include estimates of indirect or con- 
Sequent damages, such as loss of business. hoe 


ae The total flood damage i in New England amounted to about $70 000 000, 


by: of which $67 893 000 is included in the nine river basins listed in Table 4, 4 


os and comprises the areas where the 1e damage was heavy. The areas not included 
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he St. J in. aad St. Croix River basins i in ‘Wet Maine, and thé wollen 


A aa slope of Vermont, tributary to Lake Champlain) were ae badly damaged. 


TABLE 4.—Estmate or Damace Causep sy THE NEw -Froops or 


$369 000 
| 
34 500 


— 


Connecticut 


In its report of “April 25, 1936, the Hampshire Flood Reconstruction 
 Couneil estimated the total flood damage in that State at $10417924. It Y 
and railroads. 983 813 
Recreational facilities ra 


wealth in 1922 was $1 283 000 000. The estimated to 
per capita, or 0.81% of the taxable wealth. 
The Massachusetts State Planning Board made | an estimate of the 
“a total damage in Massachusetts. the p present. time (March, 1937) this 
estimate is about accounts damages of $35 773 926, made up 
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5085343 
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FLOOD CONTROL 


16 872 255 


7 


| 
926 
The population of Massachusetts, in 1930, was 4249 614, he axab 


. 


oF $22 552 000 000. The estimated damage amounted to 96: i per capita, 
or 0.115% of the total wealth. < 
For some of the tributaries estimates of damage are virtually complete. 
= are given herein, one of the damage on the Millers River water-shed, the | 
other on the Pemigewasset River water-shed. 
Ys The Millers River lies on the | eastern slope of the Connecticut River, 
Me. which it enters a short distance above Greenfield, Mass. The drainage area 
= 893 sq miles, and the total fall of the main river is about 800 ft in 37 — 
a miles. There are eight large towns along the river. Some of the rural land 
a farmed, but a large proportion is woodland. © The towns and industries are 


4 
centered d around th the many low- head water-power developments. h 
a, >: i There were two. flood peaks on on the Millers River, the first being accom- 
se panied by ice jams which caused much damage. The second peak was con- 
a *e' _ siderably h higher than the first one, » and attained a unit discharge of 58. 2 cu ft % 
Al f per sec per sq mile ona a drainage area of 370 sq miles at Erving, Mass. | This i is . 


af 
Water supply and s sewerage systems. 


Other utilities 

‘Dams . 
Residential 


— 


The total of the Millers River -shed is 50 000, m 
y _ The Pemigewasset River has a total drainage area of 1 085 sq miles on the — 
- southern slope of the White Mountains. The water-shed is largely wooded — 
fy and is sparsely settled. Most of the permanent population is concentrated in 
few towns i in lower valley. There i is a large summer particu-— 
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The 1936 flood flows are shown on Fig. 9. damages’ were estimated a 


ese 12.000 


Highways . 


232000” 


Se of Ice Jams. —A large part of the total flood damage / in 1936, par- — Pg 4 


ticularly in Maine, was caused by | the ice that went out with the peak of 


March 13. Ordinarily, the spring freshets come after a period of — 


_ Weather that to some nienbent melte and rots the i ice sheet in in the. mill ponds, 


On the and Kennebec Rivers, the ice jams were particularly i 
_ spectacular and destructive. On March 20, an ice jam dammed the river at — a 


the head of the mill pond of the Gulf Island Hydro-Electric Station. This <i 
jam was about ‘mile wide and 1} ‘miles long, and extended 20 ft above the 


. water level. When it broke, it created a rise of 1.2 ft in the pond led, ae i 


equivalent to about 500 0 000 000° cu ft (11. 500 acre-ft), in less than 30 min. a 
An 80-ft highway truss rode the ice jam, 1, and finally passed ‘through | one of aa 
the | Tainter gates on the dam, buckling on the crest as it went 

On the Kennebec River the greatest damage \ was "ag to an isin in in 
the tidal part of the river. This jam took out the piers of a modern highway 
bridge, valued at $260 000 and carried the spans some distance down stream, . 
on top LS the i ice, ina part of the river where the depth was about 50 ee ye) 
— On the Connecticut River, an ice jam at the head of the mill pond above 
 Hlolsoke, M Mass. -» blocked the river so that it finally cut a new channel pe a3 


of 200 yr, no other floods in New: England 
apnroeching that of the floods of 1927 and 1936. The question of how much 
this region is justified in preventive measures presents itself. 
In a study of the economics of flood control there are two distinct prob- 
lems. The first concerns t the design and construction of individual river 


structures that affect the n natural flow and the occupancy y of the ‘natural flood- 
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or reduce flood flows on the entire river or in certain localities, whe 
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CONTROL 


oD CON 


The first problem be solved the individual owners are of properties sal 
various kinds—dams and power plants, bridges, industrial buildings, river — 
walls, railroad and other embankments, and, of course, homes. Damage to 


river structures during floods indicates that many of them were constructed . 
without adequate engineering design and supervision. 


> It is difficult to determine how far it is profitable to go in the design of | 
a structure to prevent possible flood damage where property , damage alone is 

e involved. _ Where life is endangered there can be only one answer, but the- 
ter temporary loss of the use of property or even its partial destruction « once in y « 
50, ye, may not warrant and prevent all 


ne ‘Aiemate have been made to ‘rationalize the second problem, namely, that aa 


tea 


- of flood prevention or reduction, « on a purely economic basis. If definite infor- : 


mation wi were available, the solution would be relatively simple; the maximum = 


expenditure economically justified to. ‘prevent recurrence of ‘certain flood 
ry damages would be the capitalized present worth of the damages over the — 


Ja i Because of ‘the lack of definite scientific data on floods which oneal 
before about 1850, however, it is difficult to establish an accurate basis for 


computing the frequency of floods of 4 This does not 
that no attempt should be ‘ma e to. make economic studies; it does 


indicate that all possible information should be collected and studied, impar- 


tially analyzed, and tested by all known methods. 
oT Estimating the damages due to the 1927 flood on the Winooski River, in 
Vermont, to have been $13 500 000, the flood frequency, 100 yr, and giving» 


consideration to other floods, the Uv. Ss. Army Engineers estimated” ‘that the 


expenditure ‘warranted to provide adequate control of this stream m would be be 


Iti is further stated that the Winooski Valley can be adequately protected 3 
om from flood. damage by a series of detention reservoirs designed solely for 
flood controf, _ but that the cost “is far beyond the amount which can “a 


4 


1) pe This conclusion is : the y of flood pro- 
tection on the larger New England oitiblanees 3 For a specific case on a small 
stream n where the damage may run very high, or where the opportunities a 


flood control are unusually favorable, it may be that flood-control measures 


Most of the p practical means of reducing - flood damages have to do with 
such matters as flood ‘warnings, storage reservoirs, detention basins, river — 
channel improvements, or river structures, such as dams, bridges, and levees. 
Of these » items, flood warnings and storage reservoirs are of greatest general 4 
interest in New England, since they are the most practical measures. Storage _ 
reservoirs may prov flood for — areas, although not 
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Since the 1927 flood a few detention basins have been built in New England 
to ‘protect a comparatively small area. — Technically, they are perfectly satis. _ 

_ factory, and will serve their purpose if they are maintained properly, but — 
“§ their cost under New England conditions will be found to be prohibitive except 2 
in rare instances. The other items mentioned are principally of local se 
est, but of great importance, and are r e receiving consideration in many aces. 
mie Flood Warnings. —The U. S. Weather Bureau is the formal : agency in Ree ee’ 
England which maintains flood stations that report to it it and which a 
flood warnings are issued if the occasion arises. Iti is ‘proper to question 4 
ie adequacy of this service and to make suggestions which may improve it” aca 

problem may be ‘somewhat. "different in New England than 
where. The distances are relatively short except on the major streams, 

on all these streams there are agencies which have a vital interest in the 

progress of floods, and, ‘therefore, ‘make it their business -to keep informed, 

- In some instances, this ‘agency is an utility y operating hydro- -electric aay 

7 over a considerable part of the river. In other instances, as at Lewiston, Me, 

and Lowell, Mass., the company owning a water power also has an interest’ 

in up- “stream storage and, for many years, has maintained a private system of © 


4 communication to keep informed about threatened rises. a Under existing con 


not given out except as an inquiring reporter may obtain it for his newspaper. 

~ Information | concerning two important factors affecting floods i is not generally 

4 available, namely, the extent and snow cover and 

the condition of the ground | beneath th ‘the snow. Numerous observations of 

ne 

in 1 the form of snow are ‘made by the Weather Bureau and other 
agencies. Public utilities owning water- power plants, and the winter sports 


a organizations, take sc scattered | on = snow cover, 


Estimates by trained observers of the amount cover its 


equivalent, at representative points in important needed. The 

ay District Engineers of the U. S. Geological Survey, whose assistants periodi- Bae | 
_ cally visit the gaging stations in their charge t to change charts, would seem i 

te be in an excellent ‘Position to take this work on with little add . 


7 


— 


‘This agency also obtains ‘considerable. advance information about other 
conditions conducive floods, from the reports of its field crews, make 
periodic measurements and inspections on all the important streams and many 
of the tributaries. _ Again, this: information is not made | public exe except on 
— some years snow falls before the ground f freezes and never completely 
leaves the | ground before the spring. flood. a ‘condition (more likely to be 
found in Northern New England), is one of the many factors that sometimes 
combine to cause the extreme run- -off, and, consequently, should be a of 
data available to the forecasting agency. 
corrective steps is needed. Either a central forecasting agency 
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itself s ad whe on additional duties and correlate all the 
= llected by private and public that it may be made 


Newspapers. and radio commentators, invariably "exaggerate 
teed conditions, and the public, unable to judge between facts and exaggera- 

tion, usually y discounts: such information because o of its general unreli- 


th ares. This —Economically, the mo most promising method. of ‘allevi- 
- ating flood conditions on New England streams is the construction of storage 7 
reservoirs in in which the reduction of flood peaks is incidental to their opera- 
tion for increasing the low-water flow. le ut. 
Storage reservoirs in New England are normally well down by October, 
ud usually nearly empty by the end of winter, the periods when floods are , 
"most likely to happen. The larger reservoirs are not full much more than 
— two months in an average year, and with competent management considerable iY 
Water can be stored temporarily even on a full reservoir. Any temporary 
In its report, the Committee on Floods of the Boston Society of Civil 
tigen states: “The most desirable policy toward tl the flood problem m here 
in New ‘England appears to be to encourage in every way y the construction i. 
a reservoirs for power purposes.” “at 
_ The Advisory Committee of on ‘Flood Control in the State of 


‘mandation, as did the Army Engineers | in their — on flood control on 7 

Effectiveness of Storage Reservoirs for Flood Control. —As a test of the 


of “several existing “storage reservoirs to ‘ion how n much capacity was 


available at the beginning of various floods of record. 


_Winnepesaukee (Merrimac Water- Shed). —In Lake Winnepesaukee, 
“7000 000 000° cu ft (161 000 acre- -ft) of storage is made available by works 


7 built about 1845 which permit the lake level to be drawn down 40 in. 
; Restrictions occasioned by the use of the lake in the summer for Tecreational _ 
purposes require that if the gage registers in., 
limited to a daily average of 250 cu ft per sec. Floods ‘cause 
Z in the Merrimac V alley when the average daily flow at Lawrence reaches | 
about ¢ 60 000 cu ft per sec. In the period from 1870 to 1935 there we were eight 
. floods of this magnitude, or greater. Table 5 shows the percentage of full 
A ‘reservoir capacity available at the beginning of each. The behavior of Lake © 
in the 1936 flood is s discussed later in n detail. 
7 - _ Moosehead Lake (Kennebec Water-Shed) —Damage due to floods in the 
-— ‘Lower Kennebec Valley starts with an average daily flow of about 87 000 


coe ™ Journal, Boston Soc. of Civ. Engrs., September, 1930, p. 464. 
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Date _| Lawrence, Mass., in | capacity available at 


ail ar 9,1 66 
ril 16, 1 F 5 
* Capacity, 7 000 000 000 cu. ft. (161 000 acre-ft.) 


eu ft per sec, at Waterville, Me. In the period, 1895 to 1926, five freshets 
a of this magnitude or greater have occurred. In four of these floods, the quan- 

tity of water stored in Moosehead Lake was an important factor in = 


flood peaks in the Lower Kennebec River (see Table 6) eae ON 


TABLE 6.—Storace Capacity AVAILABLE IN ery), AT Brainwina 


i 


| February 28..) 4.75 
* Capacity, 20 600 000 000 ou. ft. (473 000 acre-ft.). 


. “a After 1926 ‘additional storage was created on the Moosehead Lake drainage 7" 

area by the construction of Brassua Reservoir, with a capacity | of 8 600 000 000 
cu ft (197 000 acre-ft). contributing area is 675 sq miles. On March 

only 945 000 000 ft (21700 acre- (5% of its total capacity) 

- stored in Moosehead Lake, and Brassua Lake was empty. Therefore, at the es 

start of the 1936 flood, practically the entire - capacity of the t wo reservoirs was 


available for the | storage of flood flows. 
ee _ Effectiveness of Power Storage Reservoirs i in Reducing 1986 1 Flood Peaks. a a, 
—An examination has been made of the amount by which storage ‘reservoirs + 
reduced flood peaks in the 1936 flood, on several streams where sufficient data 
_ Lake Winnepesaukee (Merrimac Water- Shed) —On March 10, 1936, ‘Lake : ~ 


-Winnepesaukee was 22% full. In the period, March 10 to 26, inclusive, the 
total yield o of. the Lake Winnepesaukee drainage area was | 8 860 000 000 cu & 
(208 000 acre-ft) (the equivalent of 10.6 in. of run- -off), Of this quantity, — 
wf 7500000000 cu ft (172 000 acre- -ft) was stored in the lake, only a few bun 
_. dred second-feet being released until March 21, two days after the peak bad 
Passed Franklin, 
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On Fig. 10 is shown the ‘effect of this storage: on n the average daily 
charge of the Merrimac at Franklin, the point where that stream is oe ‘a 
by the junction ¢ of the Winnepesaukee— River (drainage area, 480 sq miles) 
and the Pemigewasset River (drainage area, 1010 sq miles). 


at Franklin Falls Gaging Station 


low in Thousands of Second Feet 


WU tH 


16 19 21 22 
— EFFECT OF (‘Lake Ww INNEPESAUKEE Srorace, FLoop or 1936 
if 


It ‘Seems reasonable to assume that the momentary peak Franklin, 
which occurred about 2:00 P. M., on March 19, and amounted to 83 000 cu ft 


AEF 


sec, was reduced by about cu ft per ‘The corresponding reduc- : 


time of transit and ‘the effect of channel ‘storage. 
-Sewall Dam and the Garvins Falls Dam, , 16 and 98 miles, respectively, below 
eu ft bee: sec, equivalent to a reduction of about 0.75 ft of the flood peak, 
Rangeley System (Androscoggin Water- Shed). —During the 1936 flood, 
13,000.00 000 cu ft (299000 acre-ft) was stored in the Rangeley Reservoir 
System in the period between March 12 and March 26. 
‘same period totaled only about 420000 000 eu ft (9600 acre- re-ft), and did : not i 
until March 22, when the flood had The 


"assumption that the reduction in peak flow was no enihaien pot the reduction | 

in the average flow for the period, it amounted to about 13. 5% at Rumford, © 

miles below the lowest reservoir. The corresponding reduction in height 


“over thisdam wasabout15 ft. 
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— Lake —As an an example of 
a _ the behavior of Sebago Lake is interesting. Sebago Lake, a natural lake with — ; 
an area of 45.6 sq miles, was raised about 8 ft by means of a dam at the 
outlet, built in 1878. The storage available is about 9700000 000 cu ft 
_ (293 000 acre-ft) on a drainage area of 360 sq miles. Additional storage in 
the various ponds tributary to the lake brings the total to about 12 com 
u ft (289 000 acre-ft), « or the equivalent of about 15-in. run-off from 
water-shed. The outlet of Sebago Lake is the Presumpscot a 
about 22 miles long which empties into Portland, Me., Harbor. 
a Between March 12 and March 26, 1936, the lake stored 6 700 000 000 cu ft 
(154 000 acre-ft), or an 8-in. run-off from the drainage area. In addition, 
- some water was stored in the smaller lakes, but no records of this storage ate 
available. ‘During the same ‘period only 2300000 000 cu ft (53.000 acte-ft) 
was released down the river. On March 22, the day of maximum run- -off, an 
average | flow of 2 200 cu ft per sec was discharged, and the equivalent of “a 
avi average flow of 8700 cu ft per sec was stored. 
In all the storage systems instanced, the storage pa obtained by raising — 
natural lakes, and, therefore, the reduction in flood peaks: is not so great as 
would be the case if no lakes had existed in the first place, Also, in the case 
of the Androscoggin River, the 1936 flood was to a certain degree a “down- 
river freshet”, for, at the head-waters, where the storage is located, the precipi- 
tation: and temperatures were lower than farther down 
the effect of storage was great; to bottle up a run-off of 5 in. until after cs 
Deerfield River Storage —The effects of Storage were analyzed on one 4 
meena Deerfield River, where there are no natural lakes. The Deerfield is . 
an important tributary of the Connecticut River, rising in the Green Moun- = 
‘A tains in Southern Vermont, and flowing | south and east to join the Connecticut 4 
= below Turners Falls, Mass. The water-shed is mountainous, with steep — 
rocky slopes, and the stream is by flashy floods and high run-off. 
_ Two re reservoirs, Somerset and Harriman (formerly known as Davis Bridge), ‘ 
with drainage areas of 30 and 184 sq miles, respectively, have been built by 
the New England Power Company, the former in 1913, the latter in 1924, 
Somerset Reservoir completely controls the 30 sq sq miles above | it, the storage 
capacity amounting to 38.9 in. on water-shed. The Harriman Reservoir 
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ow 


wr 


| Harriman Reservoir, except for a few hundred second-feet used for power a ' 
_ purposes, no water was released until March | 27, a week after the crest of | Bap | 
Connecticut River flood. It estimated that these two reservoirs 
reduced the flood pe peak at Shelburne Falls, Mass., where the drainage area is 
about | 500 sq miles, from 72000 to 48 000 cu ft per sec, with a corresponding ae 
reduction of gage height of 33 ft. = cool 
lea Table Ti illustrates further the value of storage reservoirs in time of . 
giving the quantity of water stored and the storage capacity remaining after 


— 
— 
| 
— 
| 
— 
— 
Ke 
— 
M 
M 
| 
| 
4 
4 
4 7 
! 
4 
- 


— 


~ 


of Potential Developments.—At present (1937) m many different 
P ; plans of flood control by means of storage reservoirs are being developed by 
 yarious State and Federal agencies. The scope of this paper does not permit 
a detailed analysis of the effect of any of these projects on flood peaks, Such | 
analyses have been made, however, in several cases, _ and a few of the _ 


7 .—Benavior or NEw ENGLAND STORAGE Reservorrs—F Loops OF 
Novemper, 1927, ann Marcn, 1986 


Drainage} _ |AMOUNT sToRED,| Per- 
River and reservoir area, in | Corre IN INCHES, ON | cen 
square millon DRAINAGE AREA 
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an New Hampshire Water Resources Board has proposed four storage 

—— on the \ water-shed of the Merrimac River, to be built primarily 

to increase the low-water flow of the river and, secondarily, to reduce floods. 

r These reservoirs would have a total capacity of about 18000000000 cu aa 
(414000 acre-ft) and a contributing drainage area of 600 sq miles. In a 

cs report on the March, 1936, flood’, Richard S. Holmgren, M. Am. Soe. ©. E, 

_ Chief Engineer of the New Hampshire Water Resources Board, estimates 
that the Proposed system of reservoirs would have reduced the 1936 peak — = 
= at Manchester, N. H. (drainage are area, (2854 sq sq miles), from 114000 to : 


per s sec, with a corresponding reduction in gage height of 3.0 ft. pole pein : : 
oe 1935-1936, the Army Engineers made a comprehensive ‘report o on the Se 
: Connecticut River on “the efficient development of its water power, the con- 
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trol of floods, and the needs of navigation.” Ih this repo: report they re recommend 
4 an “initial flood control plan”, which would include ten proposed Teservoirs 
operated for the control of floods: and, secondarily, for the genera- 
tion of power. 
area of 951 sq shies, a capacity below the spillway level of 11 700 000 000 eu f : 
(269 000 acre-ft), and a capacity above the spillway level of 3670000000 
eu ft (84 000 acre- ft). The report states (page 85), 
“Tf the reservoirs of the initial program had been in operation during 7 
the 1927 flood, they would have been depleted at the time of the fiood under — { 
normal operating conditions by 50% of their capacity. * * Six of the 4 
reservoirs would have given almost complete protection at the dam site, 
_ * * * Qn the main stream, the peak at White River Junction would have — 
Ss been reduced | by approximately 46% from 148 000 second-feet to about 80.000 


Detention n Reservoirs.— —In Vermont, as | a result of comprehensive investi- 
gations following the 1927 flood, two detention res reservoirs were built on tribu- 


taries of the Winooski River and put into operation in 1935. z The dams were 3 


"As originally were large enough for power id 
a ‘storage as well as flood control As finally built, however, the dams were lower 
and their operation \ was restricted ‘to flood control, with uncontrolled outlets 
of such size that with the reservoirs full the discharge would still remain 


5 within the banks of the stream below. i Both dams | have wide crests, 80 ‘that 


to provide storage for power ‘Purposes. 
‘The Wrig ive 
controls a area of 7 8q miles, The reservoir has a a capacity of 
3 895 000 000 cu ft (20 500 acre-ft) to the spillway crest and 1 000 000 000 cu ft : 
(28 000 acre-ft) to the maximum flow line, equivalent to 5.4 and 61 in, 
respectively, on the water-shed. of 
The East Barre Dam is on the Jail Branch of the Winooski River and con- - 
trols a drainage area’ 39 sq. sq ‘miles. The reservoir a capacity of 
23 000 000 cu ft (2 000 acre-ft) to the spillway | crest and 706 000 000 cu “3 
> (16 200 acre-ft) to the maximum flow line, equivalent to 5.3 and 78 i in, 
It should be noted that these reservoirs are in the area in which some of 
_ the highest unit fi flows were recorded | in . the 1927 flood » that at Wrightsville 
eo being 257 cu ft per sec per sq mile and that at East Barre, 308 cu ft me 
Nit In the 1936 flood, the unit flows were not so high on n the Vermont nari 


inflow, computed from rise in en reservoir, wes 3960 cu ft per 
( - (55. 8 ecu ft per sec per sq mile), and the rate of discharge through the outlet = 

: = this time was 870 cu ft per sec ‘swabs cu ft per sec Lah sq how a reduc-— Mi 
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in flood peak of 78 per 
960 cu ft per sec. rt The maximum 2 quantity: y stored was “equivalent to 4.2 in. on 
the drainage area, or 78% of the total capacity of the reservoir. At East 
‘Barre, the maximum rate of inflow was 2035 eu ft per sec (52.2 eu ft per 


see per sq mile), and the e concurrent rate of discharge wa was 427 cu ft per sec , 
(oe. cu ft per sec per sq mile), a reduction in flood peak of 79 per cent. 


a «At is estimated by the Army Engineers that these two detention reservoirs, ty 
“regulating: 110 sq miles, reduced the peak flow of the Winooski River, at 
Montpelier, ‘Vt., where the the e drainage a1 area is 418 sq miles from 23700 to 19 200 Ra 
% A computation has been made of the potential effect of the Wrightsville b 
Dam on flows similar to those in 1927. A hydrograph was used based in 
general on the “standard 100-yr yr flood”, with a total run-off of 5.2 in. in 27 hr 
Ps and a peak flow of about 250 cu ft per sec per sq mile. With the reser- — 
voir in operation the peak flow would have been reduced from 17000 to 


“about 800 cu ft per sec. The maximum | storage would have been 89% of the 


*? Comparatively little le definite information is available about floods, the con- 


ditions under which they have occurred, and the inconvenience, loss of life, , 


and eco economic losses they have caused. 
Predictions relative to 1000-yr and even 100-yr floods are based on meager 
information. Except for a few records | covering less than 100 yr, the basic © 
are largely legendary. The importance of collecting additional data 
‘The determination of future flood flows at a specific point on any river "7 
should include a s study of the flood records of all streams having similar 
physical and climatological aqpects. 
Existing ‘storage reservoirs have appreciably reduced the flood flows on 
several streams. Additional reservoir sites, many of which can n undoubtedly 
be economically developed, are available on the head- of 
some cases, it will be necessary to provide 
_ the water users on a river in order to develop the storage economically, Such 
i. action can be furthered by legislation similar to that creating the New Hamp- 7 
fe shire Water Resources Board. This Board can initiate and carry out com- 
prehensive developments under certain conditions. - With regard to some of — 


t the larger streams, which pass through | several States, it may ‘be 1 necessary 
_ to set up interstate compacts before some of the available storage sites can 

for local improvements, which will undoubtedly be carried out 

of economic considerations, the possibilities of strictly economic 


H. Doe. 708, 71st Cong., 3d Sess., Figs. 9 and 10. 


y 
— 
— 
— 
R — 
— 
— 
— 
|. 
‘ 
— 
a 
— 
— 
| 
— 
ane 
qq 
ar 
— 
— 


CONTROL 
‘flood protection on New Baghed rivers other than by storage reservoirs are 
_ believed to be scarce. Such | possibilities are increased as the concept of the 
economies of flood pr protection is broadened by - considerations of. public policy, Sie 
__ Flood-protection works on the upper reaches of the large rivers, and on — 
their tributaries, | will | have only a very. minor effect on th lower ‘Teaches, 
where much of the damage during | extreme floods ‘occurs, 
yr Considering the many combinations of conditions which may cause flood : 
: - flows on the lower Teaches of of the larger rive rivers, calculations of ‘Stage reductions — 
due to hypothetical reservoirs, or other practical works, on their upper 
% reaches are somewhat academic since » they must be based on meager flood-flow 
information. — It seems sufficient to state that any r reduction whatever is desir- 34 
able, but that the extent of such reduction will vary with conditions, 


ahd This paper could not have been written | so soon after the 1936 flood with ti 
0 out the | co- operation . of the public a and private ‘agencies that have been ool- 
- lecting data and have made available data which were still being analyzed. 
Particular mention should be made of the following agencies and individuals: 
Boston, Mass., Office of the “Weather Bureau; the District Engi- 
neers of the Corps of E ngineers, U. S. Army, in Boston, and in Providence, ) 
L; the District Engineers of the U. S. Geological Survey in Boston, 
Augusta, Me. , and Hartford, Conn.; the New Hampshire Water ‘Resources 
Board; the Massachusetts State Planning Board; and, the Engineers of 
the: New England Power Company, New England Publie ‘Service Company, 
- Union Water Power Company, and Kennebec Water Power Company. The 
= writer is also indebted to his associate, Mr. T ruman ie Safford, whose 


assistance in preparing this p paper r was invaluable. oe _ 
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caused by : a storm 


part of | the Many small streams had ‘peak discharges of 1 more 
2000 cu bad per sec per sq mile. ss The damage, especially severe along the small 


£2 


ing discharges, both peak and total, on the larger streams, chiefly i in the ‘Hudson 


a caused | by moderate rains and melting s snow which produced Tecord- break- — 
7 


Susquehanna River basins. Damage was caused ‘prineipally by inunda- 


tion along the larger streams. More. and better hydrologic records are we-meedel 


aw part of the basic data for the design and operation | of flood ‘Preventive and — 


2 
control Projects and th solution of ell 


Ws = 
— «tis is difficult to epeak i in general terms of New York - State, 1 which, in “many 


mays is a region of contrasts. In topography, geology, climate, vegetative — 


cover, “precipitation, and run- off, this State variations. iis 


_ doubtful whether any other State east of the Rocky Mountains can show more 


_ In general, Western New York is flat, a rich agricultural region of low 


Br ome in which the Genesee River is the principal stream. The central part : « 
of the State is _ deeply furrowed by glacial action, the most striking | evi- 
dence of which is seen in the Finger Lakes. Many small streams of this part __ 
= cut deep gorges and are characterized by swift, turbulent flow. The 
principal rivers (Fig. ‘11) are the Susquehanna, which flows south through 
- Pennsylvania and Maryland to Chesapeake Bay, and the Oswego, which drains _ 
a the Finger Lakes and empties into Lake Ontario. Eastern New York has . 
_ two more or less distinct mountain ranges, the Adirondacks and the Catskills. 
‘The highest peak in the State is Mount Marcy, in the Adirondacks, 5 433 ft —— 
above sea level. _ This part of the State is drained principally by the Hudson }* 
and Delaware Rivers and by numerous smaller ‘streams flowing into the 


Dist. Engr., U. S . Geological Survey, Albany, 


treams, might well be called dynamic damage. The flood of March, 1936, 


— 
| 
tion in respect to the occurrence of great storms, within nine months, oe 
New York State was visited by two major floods — 
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as of the Hudson, Mew, York State at 
in interior rivers, principally because it is so divided by major water-shed lines _ a 
that the run-off goes in all directions. The Hudson; Delaware, and Susque | 
‘ hanna Rivers, all of which rise in New York, flow directly into the Atlantic 
Ocean. The Genesee, Oswego, and Black Rivers are tributary to L ake Ontario, 

The northern and northeastern of the State are in the St. Lawrence 
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Fic. 11.—Masorn DRAINAGE BASINS or New State i 


_ The Adirondack region is for the most part heavily forested, the Catskill 
_ - region much less so. As of 1937, reforestation is being undertaken i in a com- 
ee manner by the New York State Department ‘of Conservation » 
nearly all parts of the State, through the purchase and planting of marginal > 
faz land. Unused farm lands are also being reforested to some extent by 
natural processes. s. What effect this gradual change in cover ver will have on 
_ stream flow is unknown at present. An investigation by the U. 'S. Geological — 
Survey, in co-operation with the Division | of Lands and Forests of the State 
ve of Conservation, is under - way and eventually should yield v — 
able information on this subject. mb ai stale oft to dT 
It is well known that the areal distribution of precipitation in New York 
State is . variable, but unfortunately only meager information is available for Ry ' 
te areas of ‘maximum precipitation, which are wild and inaccessible. 
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the slopes ‘of these mountains. substantiating 
not available, it seems probable that an annual precipitation of more than 
75 in. occurs in some parts of this region. tw A ban 
an Variations run- are noteworthy and can be illustrated by two 
rt examples of extremes. During the eight water-years from October, 1924, 
o to September, 1932, the mean annual run-off from the 75 sq miles of drainage 
ee bove sigs aging station on the East Branch of Fish Creek, near | Con- 
area a gaging 
7 stableville, was 48.5 in., whereas, during the same peried, the run-off fan 
2 2530 sq sq miles" above the gaging station on the Chemung ‘River, at Chemung, 
was only 134 in. All possible gradations of run-off occur r between these _ 


At ‘ent. ‘s. Weather - Bureau maintains 175 precipitation 
stations in New York State, co- -operative and otherwise. _ Precipitation is a 
recorded by. other agencies: ata few additional points. Relatively few of 
z the continuous records extend back farther than about 1889, at which time the ' 
New York State Wi eather Service was created by Act « of Legislature. Three 
these continuous records, however, date from prior to 1830. The U. Ss. 
Geological Survey maintsine present 102 gaging stations in ‘the State, 
but the average length of record per station, in 1936, was only about 16 yr. 
--Very few records of stream flow were ) inade prior to 1900. "Basic data covering | 
"periods relatively so short are inadequate for drawing conclusions as to the 
" effect of the > works 0: of Man on | stream flow, | or for determining whether o or not 
the run-off is characterized by significant trends of change through the years. 
+) sil study of available precipitation records discloses the fact that, during 
the period, 1869, to 1934, few 2-day storms, with 6 in. or more of precipita- 
tion, occurred it in | New Yo ork State on areas” of. ‘any considerable extent. In 
_ this connection see Fig. 12, which is compiled chiefly from Part V of the 
Technical Reports of the Miami Conservancy District (1936 -Tevision). 
The storm of October 8 and 9, 1903, showed a 2- day precipitation in “excess 
of 6 in. at some stations, and, no doubt, other such storms occurred over small 
areas, but the interesting fact, whatever its significance, is that during this 
period of 65 yr, for the last 43 yr of which it appears certain that the poder oy 
were adequate, the State was singularly free from storms carrying heavy pre- 7 
cipitation. Except perhaps the Delaware flood of 1903, the history 
New York State shows no floods prior to 1935 comparable with the Potomac 
and Susquehanna Roode of 1889, the Ohio ‘Valley flood « of 1913, or the Ver- | 
mont flood of 1927. In “abine ol storms since 1934, therefore, there ‘seems to 
be some evidence that New York State, except possibly ‘in its southwestern 


_ part, occupies a favored geographic position with respect to the incidence of 


the period, 6 to 9%, 1985, thunderstorms 
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FLOOD CONTROL 
extending roughly y eastward from near Hornell, in the northern part of Steu- ‘ 
ben County, to “near Oneonta, in Otsego County. it Similar disturbances, , gen- 
~ erally of a less severe nature, occurred in several other isolated parts of Cen- 


tral and Eastern New York, but the storm’s greatest intensity was felt in “my 


in 


2.—Loc: ATION AND EXTENT OF GREAT 2-Day STORMS, WITH PRECIPITATION OF 7 


area indicated. the fact that the storm centered where it did seems to have 


no ‘particular significance, most authorities being agreed that a similar 
_ storm n might have occurred under the influence of slightly different atmos- 

phere conditions in almost other of the State. In: most of the area 
2-day records’ of ‘rainfall: were 

broken. 2 The 1 maximum official « or semi- “official 2-day record for this storm was 

50 in. at Burdett, in Schuyler County, July 7 and 8, unofficial 
records from other points showed precipitation of 12 to 16 in. occurring in as Sa 
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ro 
tions, ns, and as the intensity of the storm vi varied presi, there is good | reason 
to conclude that greater precipitation occurred at many points than de 


a One fortunate feature of this storm was that its incidence > was | such ll 
to cut transversely the main 1 drainage basins of the 1 region ina comparatively 

"narrow zone, with the result that none of the larger streams reached as a ‘ 7 
qa stage as it might have, had the area of the storm been more nearly eoinci- 
me dent with its basin. Here, again, there seems to be no reason why the axis 
of greatest precipitation might not have extended in some other fhe asin 

than from west to east. | Great as the flood damage was, the conditions might 


conceivably have been such as to produce even more serious results. 
7. 


i The central drainage systems of this region are fed by numerous ua 
streams with | generally steep gradients, draining hilly country. Under these 
and with the rainfall, the rate of ‘run- -off very” 

: or approached the intensity of rainfall, and the rise of these streams was 


rapid. was along these — ‘streams that the greatest dynamic 


The peak discharges of many small ‘streams with: drainage areas” of 


less than 5 sq miles were almost incredibly high (see Fig. 13). There are no a 
Flood of July 1935 (U. S. Geological 
Water-Supply Paper 773-E) 


an 
_ Previous Maximums and Year of 
1895 Occurrence (Compiled from all 


Available Sources) 
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Drainage Area, in Square Miles” 


Fic. FLoop DISCHARGES IN NEw York STATE. 
3 gaging stations in ‘the flood area on streams of this size, but subsequent deter- _ 


-minations by engineers of the U. S. 3. Geological Survey, using the slope-area 
method, indicate peak discharges of more ‘than 2 000 cu ft ‘per sec per. 8q mile. 
Tt seems probable that some streams draining 1 sq mile, or less, may have bad 
; peak discharges of of more than 3 000 cu ft per sec per sq mile. i The magnitude 
a of the peak flows. ‘was much less in the larger drainage areas, although the 
ik Chenango River, near Chenango Forks, draining 1 492 sq miles, broke all: 


existing records with a peak discharge of 82800 c cu ft per sec, or 56 cu ft 
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Large area covered by storm of thunder-storm type. 


_ (2) Unit peak discharges of a magnitude higher than ever before recorded _ 


Abnormally heavy and intense precipitation in a hilly country, which 
caused heavy erosion not only in small stream beds, but even on unbroken ¥ 
(4) Excessive damage i in villages s situated along small streams, where the - . 
Lily 
iy aed of | buildings and other structures restricted the ails | and 


raised the water levels. 4) to 


may be os as follows: ah = 


‘ ils 
Inadequacy of openings, further complicated by 


the presence of drift, which resulted in washouts of fills and loss of structures, _ 
(6) Damage by inundation in cities, caused by 
| ae detailed report. ‘on the flood of J uly, 1935, » has been | published by the he 
Early in March, 1936, there was considerable snow on the ground through- 
» 4 out most of the State. _ The Susquehanna River drainage basin above Bing- re 
. 7 hamton had an average of 9.6 in. of snow cover on March 2 2, with a water con- 
« tent of 2 to 4 in. ‘The Upper Hudson region had as much as 6 in. of ~ i 
in the form of snow. ' This general condition was beobght about by the fact 
that temperatures had been below freezing almost, continuously since the 
middle « of J anuary, ¥ with little run-off ‘except that derived from ground-water, 
About March 12, an atmospheric depression moved northward over the 
‘seaboard, bringing warm weather and general precipitation. This 
: precipitation was not particularly unusual, either in amount or in intensity, — 
but the combination of dense snow on ground frozen t to a greater or less 
“depth, high temperature, and r: rain caused high stages on most of the ee ‘ 
except in the northern and western parts of the State. The — break- “up 


of ice occurred at this time on all ‘except | the northern streams. Tioga 


and Chemung Rivers, ‘draining areas ‘in ‘Pennsylvania where “pains 


1935. streams ‘of the ‘Toner  Hedeon, “Mohawk, and Delaware basins were 
very high. This storm left saturated soils and bank-full streams, and in i 


many sections there was still much saturated snow remaining on the ground. Be) 


a During the period, March 16 to 19, another atmospheric depression moved — 
slowly northward, bringing from 2 to 3 in. _ of precipitation. Tn Central va 
this precipitation came as sleet, doing much damage to trees and 

4 public utility lines; in the western part of the State it fell as snow. In the 
southern and eastern areas this rain caused a second flood. Several of 
the streams in the Mohawk and Upper Hudson iw noriaed basins reached higher af 
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gaging stations. The high of this second flood were [ 
A largely by the saturated soils, overlying the frost still remaining in the ground, Db 
al the relatively high stages still lingering from the first flood. = 
The second storm left much snow in the western part of the State; at 
- Buffalo, for example, there was 18 in. on the ground. Warm weather on_ 5! 
‘March 25 and 26, although unaccompanied by rain, caused rapid melting of 
: this snow, with high run-off in n the Genesee and other streams. Such stages, os : 
although high, were not record-breaking. phd ody 
It will thus be seen that in the latter part of March, 1936, three separate = 
and distinct floods occurred in New York State. The northern part of the 
= State cannot be considered in the flood area as, in general, no exceptional 
 gecords were established there. This | is also true, although to a less extent, 
of the western part of the State. _ The flood stages were most notable i in the — 
eastern part of the State and in. the Susquehanna and Delaware drainage 
basins. ‘Moreover, although many new records were established, 
at gaging stations having short-term records, the “March floods in New York © 
State were much less ss outstanding than those occurring in New England, 
Pennsylvania, Maryland, and other States. The general statement 
made that no New York stream having a ‘drainage area of m more than 400 sq 
4 miles showed a peak discharge of more than 50 cu ft per sec per sq mile, and 
few peak discharges o of as much 1 100 cu ft per sec per sq occurred 
drainage reas of less than 400 sq 1 miles. 
One important and unusual feature of “these floods was the occurrence of 
two storms in close -suecession, with a resulting long period of high water. 
ms High stages existed for more than two weeks, ‘and the total run-off during 
that | time was very large, amounting in some drainage areas to as much as 
103 in. over r the entire areas. This fact is pertinent in connection with prob- 
lems of flood control. As the rains extended over a 10-day period, the high — 


‘Stages on the large streams were more notable | than on those of smaller — 
drainage a areas. wove to hook ovematta of 
comprehensive > report on the March floods in the northeastern part of 
_ the United States is (March, 1937) in preparation by the U.S. Geological 


Prior to the | floods 1936, the flood of March, 1913, w was 

regarded as the outstanding spring flood in New York State. It was caused 
heavy rains on saturated, snow-covered ‘ground. ‘The entire, ‘rainfal 
| occurred i in two or three days. Record high water ‘was: ‘feached in ‘the Hud- 
| Mohawk, Susquehanna, asia some Northern New York drainage basins. 
Tf the rain of March 11 to 21, 1936, had been concentrated in two or three — 
das, or even if the two storms of March 11 and 12 and March 17 and 18 

had coincided, the conditions would have been more like those of the floo 

of 1913, but because of the greater. rainfall the results would have been 
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‘New England and to a extent in Eastern New York. floods 
occurred at that. time = a few New York streams, notably those Tising in 


7 One notable e: example of the value of ‘effective flood-control w measures was 


brought out during the floods of March, 1936. tigi? 
ee In 1913 the Hudson _ River, at Albany, reached a peak of. about 225.000 
eu ft per sec, and caused great damage in that ee. tab the Sacandaga | 

- Reservoir, with a total capacity of 866 000 acre- ft, was created through the _ 
7 construction by the Hudson River Regulating | District: of the Conklingyille 
= Dam, near the 2 mouth of the Sacandaga Riv ids the prineipal tributary of the i 


J of about 35800 cu ft per sec had been reached in March, 1913. The con- — 


4 At the time of the first flood in March, 1936, the Sacandaga Rema was f 
nearly empty. On March 18, the computed peak inflow reached 64 600 cu ft 
per sec, but the entire flood flow was controlled without . difficulty. Asa ‘result 4 I 
_ the peak discharge of the Hudson River, at Albany, was held to about — _ 
000 cu ft per sec, and a -Tepetition of the great losses 8 suffered in 1913 
‘inhabitants of the area affected by the flood of July, 1935, had the 


unique and altogether unpleasant experience of being 1 visited by two. dis. 
_——_astrous floods within less than nine months. Under these conditions it is 
but natural that there should arise an insistent popular demand for flood 
control, 1 ‘particularly in this area and, to some extent, in other parts of the 
- State. The subject is a live one in New York State as well as in neighbor: 
ing States, but there is little evidence that the gen general public app appreciates what a 


is needed to bring about effective flood control or even flood pro- 5 
It is recognized that some relief can be a afforded by hennline: and -straight- 
q ening channels, by removing structures encroaching upon the streams, and 
increasing bridge and culvert openings within reasonable limits. Thee 
4 
3 measures, , however, are > merely of ar an auxiliary protective nature. The ‘back- 
of successful flood-control operations must be storage. Whether this 
a is provided in large reservoir, or in many small ‘Teservoirs on 
head- water streams, the total capacity must be relatively large if floods 
those of March, 1936, are to be rendered harmless. The general public seem- | 
ingly ¢ does not understand that large storage reservoirs require large } natural 
sites which too often non-existent. Should not the public be 
"informed as to the limitations imposed by Nature on flood-control projectst 
‘Many ‘streams have flood- plains: of greater or less e extent, which carry off 7: 
a flood waters without difficulty. Most flood damage is caused by the fact that . 4 


has not only occupied these fi flood- plains with his has 
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particularly i in be cheaper a per more 
- remove some of these man-made obstructions to flood flows? The opinion is on 
that flood protection involves a problem in engineering a 
that may not always have been adequately considered. 
The flood of July, 1935, yielded rates of peak discharge to to the square mile 
_ which before that time had not been _ considered possible in New York ‘State, 
vided a new conception of what may be ag: again 
State at any time. Iti is a puzzling « economic — 


be made. What are the justifiable economic limits? 
These floods have emphasized the importance and value of basic data. bp 
More and better precipitation stations needed—stations equipped with 
i ‘automatic: recorders, so that rainfall intensities can be studied. Additional 
7 a gaging stations should also be established, because the best guide for the 


future is the experience of the past. | Long- continued records of precipitation a 
at and stream flow at as many strategic points as possible will furnish a basis - 
ie for better preparation to meet future great floods as they occur. Such floods : 
may be expected, because there is no valid reason why small areas in a 


‘part of the State may not experience storm conditions similar to those of 
_ July, 1935, or why major parts of the State may not experience conditions " 


iy such as existed in New England and Pennsylvania during March, 1936. fetus 


ore 


in 
in 
a 7 
le 
be — 
ima 
— 
— 
— 
— 
4 — 
— 
— 
J 
— 
vir, 


FLOOD CONTROL 


FLOODS IN THE UPPER | ono RIVER 

BYE. K Mors * anp Hanoi 


object of ‘this describe the ontetanding 


rence of this flood, and to Jetting the history of the present flood- conited’ pro- 


gram for these rivers. Recommendations for improving the facilities 

and technique used in forecasting floods in this region. 


Point”, in n the “City of Pittsburgh, a to form the Ohio River. The re Yl 
_ waters of the Allegheny are in the Allegheny Mountains, in Pennsylvania 
and N New York State, and those of the Monongahela River are in the Allee 


A 


According to the Pittsburgh Flood of 1912, 
 &The drainage area of the Allegheny River is 11,580 ‘square miles, a : 
_ that of the Monongahela River is 7,340 square miles, giving a total of 1 18, ll 


square 
“The area iene of the combined basins i in eae: is as follows 


- 


— area lying i in is equal to 27.5 per cent of the total area 
_ “The basins have a greatest length of 290 miles, an average width of abo 
_ 65 miles and a least width of 46 miles, across the ‘Allegheny at Kittanning. — 
“The combined area is equal to 9 per cent of the total area of the Ohio 
Basin, which is 210000 square mile. ** * 
iB _ ©The principal Allegheny tributaries on the east, 13 in. number, have an 
average length of 47 miles and an average fall per mile of 22.8 feet. The 
principal tributaries on the west, 10 in = have an average length of ca 
Prof., of Civ. Eng., Carnegie Inst. of Pittsburgh, Pa. 
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es Columbus, Ohio, 1.43 in.; Canton, Ohio, 7.39 in.; and Sharon, Pa., 6.56 in. — 


miles a » fall per ails: of 16.7 feet. The Moncngshéla, on the hes 9 


- tributaries, with an average length of 45.6 miles and a fall per mile of 
- $1.9 feet; on the west, 7 tributaries, with an average length of 44 miles and a a 


‘The eastern tributaries of © both rivers rise among rough foot-hills at aa 
elevations of from 2 300 to 4800 ft. Those on the west have their in a 
high, hilly tableland at elevations of from 1300 to 2000 ft. 
Although the e highest ‘mountains are at the head-waters of the 
: the latter is a ‘mild river even during floods, while i in bridge-erection par- 

- lance, the Allegheny i ‘is a “mad” river. It is, like the Missouri, a treacherous < 

"stream; the risk of wash-outs is "great during the winter: months, and tase 
is no assurance of against floods at any time 


“followed ena the Allegheny and Sipadeatian.. Mountains, and then followed 
the e Ohio River as far south as 3 Cairo, Ill, depositing e enough | material in the 
Eastern Moraine to divert a stream that formerly fed Lake Erie south into 
be what is now the Allegheny. _ The bluffs of the Upper Allegheny are 700 to 
ry. 1000 ft high for m many ‘miles, and g gradually decrease to a height of 400 hy 
to 500 ft at Pittsburgh. The mountains lie within 6 to 10 miles of the stream _ 
for man y miles at a 1 stretch; their forest cover is gone, the humus is burnt of 
or sare into the streams, and rocky bluffs are exposed. - All these conditions - 


——- Rain. —Most of the storms that cause floods in the Upper Ohio basin origi- a 


f vicinity of Cairo, IIl., , and ‘ee northeasterly up the Ohio Valley to about 


fo- _ Cincinnati, Ohio. From that point they tend to follow one or another of three — 


travel in n almost an air Tine to Boston, Mass., and pass the Atlantic Ocean. 


. Most of the storms of maximum rainfall travel northeast from Cincinnati. 
; The gr greatest rain storm of Tecent years ‘covering a large and continuous ar area 

am was that of March 23 to 27, 1913, with a rainfall at Dayton, Ohio, of 8.21 in.; i 

center of this ‘storm passed 60 miles west of Pittsburgh. “On Decem- 
i ber 14, 1927, a ‘similar storm passed t up the Ohio River from Cincinnati to 


1 Marietta, Ohio, on the Muskingum River, 297 miles above Cincinnati. 


=u Tae it followed a northerly course throu; gh Sharon to Corry, Pa., passing 


wa a “§ to 27, 1913, or of December 14, 1927, had followed some such path, centering 


The rain . storms that bring disastrous floods to Pittsburgh and Vicinity 
are those that continue in an easterly direction from Marietta, swing north- : 
- into the head-waters of the Monongahela River in West Virginia and — 
Northwestern Maryland, and proceed northward along the western foot-hills a 
_ of the Appalachian and Allegheny Mountains. If the rainfall of March 23 - 
the Monongahela- Allegheny basin, n, it would have produced a flood ; 
the maximum that of March 18, 1936. 
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on wal Fie, 14.—Parus or HEAVY RAINFALL UPPER OHIO BASIN. | 
Berard in very light falls; in none of the years from 1930 t through 1985 
was there more ‘than 12 in. ‘The winter of 1935-36 was unusually cold and 


evere. The first snow fell early in December, and was, followed by frequent 


s 
he e avy falls throughout the season. — As late as February 20, - 1936, there was 


Sf of light fluffy snow on the range. 


In the week of February, a thaw with | temperatures of 50° 

= to 59° F in the Upper Allegheny basin and 60° to 66° F in the ‘Monongahela . 

basin. 7 However, the deep snow had drawn the frost. out of the ground, and 

_, although about 3 ft of snow melted i in 1 the low lands, and mont of the heavy 

ice passed out of both rivers, the flood crest of February 28,. -at Pittsburgh, 

was only 29.2 ft (flood stage e at that point is 25.0 ft). nn 

7 en Again , during 1 the early part of the winter of 1909-10 the bare ground was s 

fay 

frozen to an average depth of about 12 in. before the deep snows of 1910 

4 covered the foot-hills and most of the water-shed of the Allegheny River. On Z 

the banks of the ‘Clarion River, one of the two largest tributaries of the Alle- @ 
_ gheny, there was 3 ft of frozen snow. In the early part of March, 1910, the 


temperature rose, remained above (40° F continuously 4 for nine days 
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Snow.—In the Allegheny Mountains there is ‘no certainty or regularity jn 
er a : _ the fall of snow. During the winter of 1907, for example, there was 4 f¢ of 
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Meanwhile, mist and rain 


predicted. Yet the maximum aun pare this thaw and break-up was hae 
above the flood stage of 25 x _ The blanket of snow had drawn out the frost 


Nee Nevertheless, the. melting of snow contributes to flood stages, and is an 
ct “always. a menace. When there is a blanket of snow, a thaw and a heavy » rain i 
storm coming together can ‘produce a flood- “stage of more than 30 ft at Pitts- :.. 
burgh. we 
the cause of the “flood of March 18, th of 46 ft—the 


drawn crossing the “Ohio on ice from | East Liverpool, Ohio, to Newell, 


Rivers froze over on December 26, 1935, jae" by F ebruary 21, 
1986, there was clear hard ice of a thickness of 20} in. on the Allegheny and a = 
8h i in. at Lock No. 7, on the Monongahela, 52.6 and 82.3 miles, , respectively, — 
tom * ‘the Point”, in Pittsburgh. It is believed that clear ice froze to “a 
2 thickness of at least 24 in. in the Upper Allegheny, but no authentic records ie 
have been obtained. A similar. condition has never - been recorded in this 
section of the United States, 
-) This great body -of clear ice with a blanket of deep snow presented a a flood — 
ee menace of unprecedented nature. It was providential that the ice went out 
of both rivers (except from the head-waters of the Allegheny) on n the minor 
crest of February 28, instead of during the record flood that bestest just 7 
ag Forests. —The 1912 report of the Pittsburgh Flood Commission contains 
Sir descriptions and maps of a large acreage of virgin forest in the ) Allegheny 
Appalachian Mountains. forest was especially dense in the head- 
waters of the Allegheny, where there was a fine stand of white pine in eight 
‘eounties in n Northern -Pennsy ‘lvania and good stands in New York State. In 
the only virgin forests left are Federal-and State-owned tracts that. 
‘include a few parks, The Commonwealth of I Pennsylvania has been pur- 


chasing forest lands for years, and on October 1, 1934, the State- owned forest » 
— amounted to 1649430 acres. — In addition, the Game Commission of — 


Pennsylvania has purchased 547 406 acres of Sisdhak: land for sanctuaries and. 

has turned it over to the possession and protection of the Commonwealth. - 
Weeks Bill, "passed by Federal Government in 1911, contem- 
plated the purchase of 726 acres in Northwestern 

known as the Allegheny National Forest. By April 26, 1936, forest and 

_— eafaee rights | to about 70% of this land had been acquired by the Government. _ 
| 4 ie Notwithstanding the fact that the Federal and State Governments main- 


= eam fire towers throughout these areas, anc 
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Of.— —When ‘the flood of March 15, 1907, came it was frecly 


et! et it would not be equalled for 100 yr. The engineers | of the Pittsburgh — 
Flood | Comn mission, however, not foresee that the day would ‘come 


greatest hindrance to reforestation of unproductive farm lands. 


ro-day, the virgin are e all ‘but t gone. There are of miles 


construct dirt highways mountains, all but parks ¢ 


careless campers are there, and The lighted. 
away by the criminally careless smoker has caused great increase rease 

ae timber and land fires that have left in their wake destroyed forests and | 
(burnt. humus—humus that it will take centuries to replace. Hence, 


aa Every day of the year o other. than Sundays. and the Pittsburgh 
a Office of the U. Ss. Weather Bureau publishes a weather map issued by the ¢ 
S. Department of Agriculture, giving a forecast for Pittsburgh and 
‘nllalealta, together with observations taken at 8:00 A. M. Iti is supplemented “ 
vad a “card giving data o on river r conditions at various points. About 448 


The force of the local office has been proficient, of 
Rr value to the e public, especially to the river interests and navigators. ee 
It is with keen regret, therefore, that it must be recorded that on March 
"7 16 } and 17, 1936, the local office failed utterly to predict the | disastrous flood that : 
was "sweeping down both “the Allegheny and the Monongahela Rivers, ‘until 
5 it was too late to cope even partially | with the ) onrushing tide. Te 


study of the previc s maximum flood record (1907) and that 


‘oe 


1936 reveals that in both cases the U. 8. Weather Bureau either was ignorant Bt 
of the volume of snow in 1 the mountains at the head-waters of the Allegheny — i 


= and Monongahela Rivers, or did not appreciate that snow is always. a flood m 
during Mar 
The following data are abstracted from the We Bureau observations 4 


March 18, 1907 , Observations at 8:00 A. M.: 


Maximum temperature in preceding 24 hr, in degrees Fahrenheit. 
Minimum temperature in preceding 24 hr, in Fahrenheit. 


Rainfall i in 1 preceding 24 hr, inches. . 46 
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time would ever come when hundr 
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14, 1907, Observations a at 8 .00 a 
Maximum temperature in preceding 24 hr, in degrees F ahrenheit. . 


Minimum temperature in preceding 24 hr, in degrees Fahrenheit. 8 
Rainfall i in 24 hr, in inches. .. 68 


at 


407 


Maximum temperature in preceding 24 hr, in degrees Fahrenheit. . 46 
Minimum temperature in preceding 24 hr, in degrees Fahrenheit. . 
= ape Rainfall in preceding 24 hr, in inches. . 


Flood crest, 2:15 A. M. (writers? "35.5 


Similar | data from the cbeervations and predictions for March, 1936,” at are 


March 16, 1936, Observations at 8:00 A. M. 


Maximum temperature in preceding 24 hr, in degrees | Fahrenheit. . 


temperature in preceding 24 hr, in ‘Fahrenhei it 


March 17, 1936, ‘Observations a at 8:00 A. M. 


‘Maximum temperature in n preceding 24 in 
temperature in preceding 24 hr, in degrees Fahrenheit. ; 
nfall in preceding 24 hr, in inches. . 


Prediction, 8:00 A. M., for forenoon of March 18, in feet...... .32 to 33 


Maximum temperature i in n preceding 24 hr, in degrees F abrenheit. . 34 


reached at 9:00 P. M, in 


ie gga important was lacking in the Weather Bureau in 1907. 


was still lacking in 1936, when the prediction of March 17 was 10 ft in in error, 
asi 


that of the following morning still ‘under- estimated the crest by 2.5 ft. 

During the week preceding the flood of March 15, 1907, one of greg writ- a 
ie ers crossed the Tussey Mountains, 16 } miles east of aS yrone, Pa., in two places, 
at elevations. of 2100 and 2200 ft, “respectively. ‘There was 12 in. 


packed snow at the foot of the ‘mountains and 48 in. of light fluffy snow on 


the summit, equivalent, say, to to 48 in. of rain. : : ‘The run-off at that time and — 


at Elevation 694.0 above mean tide. 
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— of February 28, of 29.2 ft, the personal records of one one of the writers of 
_ show that there was 60 in. of light fluffy snow on the crest of the Tussey in 
_ Mountains. As mentioned previously, it happened that no floods came from te 
4 ‘the 3 ft of melted snow. 4 However, there was 3 ft of packed snow at Cresson, an 
at the head-waters of the Conemaugh River in the Allegheny River 
basin, and about 5 ft on the top of Allegheny M Mountains, which did 
The thirty-five local Weather | Stations in the Ailegheny-Monongahela of 
of basin reported the snowfall in their daily reports, but gave only m meager data 
‘regarding the amount of snow on the ground, This deficiency in the record Py 7 
- = in part due to the fact that the majority of the stations are in cities and Ps. 
towns instead of in rural districts. However, the primary reason for the 


deficiency is that the pay of recorders is rediculously small. _ The pay per 
month for reporting the weather, “daily, is $10. For rainfall reports the 
ae are paid at the rate of 5 50 « ts per in. of rain. Sa 
ps 0 cts pe 
‘The Pittsburgh Office of the Weather Bureau claims that it failed to 
receive many reports from stations along the Allegheny and Monongahela 
Rivers on account of broken communications by telephone and wire. It i is ie 
on stated that those stations are manned by agents having other ‘obs a: A 
that the $10 is so much “extra money. ” There are twelve such weather — 
stations ons and six rainfall | observation stations in the Allegheny basin. ‘The B26 
_— S. Army Engineers ‘Teport the weather and rain conditions to the Wether 
Bureau from the locks and dams on the Allegheny and Monongahela Rivers ak 
and down the Ohio as far as Wheeling, W. Va., without cost — 
The local U. S. Weather Bureau Office erred i in its s predictions for March | e 


15, 1907, and March 18, 1936, for the one and simple reason that a ‘failed 
to receive adequate weather and rain reports. AT 
The time has long since come when the Pittsburgh Metropolitan Area 
be ser served “adequate weather stations along the Allegheny and 
Monongahela Rivers and their main tributaries, each fully equipped with 
_ modern appliances and manned by a competent employee on a yearly salary. 
Properly equipped stations should also be established in the mountains, st 
mile intervals fr from the § Southern Appalachians to ‘the Northern Alleghenies. 


All stations, both along the rivers and in the ‘mountains, should have 


private broadcasting ‘outfits, and ‘the mountain» ‘stations should broadcast 
data at ‘stated periods so the public could also listen in. If the local U. 8. cn 
Weather Bureau Office had known the actual conditions in the mountains on Ay! 
March 16, 1936, and had had the benefit of frequent, accurate, radio > reports, Ay 
and warnings could have been issued to the in ren time 


‘one ‘single department store, for example, a loss of betweer 


— 


and vicinity on March 18. chr n notice of the flood would 
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Three great navigable rivers flow through Pittsburgh, the tonnage onone 
The direct recorded loss from the flood of March 18, 1936, in the City 
of Pittsburgh was equal to the total flood loss in 1986 in any one State 


- of them, the Monongahela, being greater t than that on any other inland pei 
ap ~The railroad tonnage over bills of lading in Pittsburgh is the greatest o 
Three Federal trunk-line highways, and many highways of less importance, 


ae as Notwithstanding all these facts, the facilities furnished the Pittsburgh 
d Ww Office of the U. S. Weather Bureau for obtaining intelligent reports from the — 


x Allegheny a and Monongahela Rivers are pitifully meager. © This si situation is a 


he ate 


disgrace. Pittsburgh’s most disastrous flood is yet tocome mk 


od 7g be If the local Weather Bureau continues to be “starved” financially, and is is 
not “equipped by intelligent salaried men for reporting weather and 
ae conditions throughout the 19000 sq miles of the contributing water-shed, then 
a the entire W eather Bureau should be taken out of the Department of Agricul- — 
ture and become a department under the jurisdiction. of the Chief of Engi- 


There have been eighty-six floods in Pittsburgh since 1856—somewhat 


more than one per year. According to estimates ‘compiled by the writers the 
local flood losses during the three decades prior to 1936 have averaged about — 
$2 000 000 annually. The two floods most disastrous to the Pittsburgh Dis- 


trict have already been indicated as those of 1907 and 1936. qe md oo 


Flood of 1907.—At its erest of 35.5 ft," the flood of March 15, 1907, inun- 


dated of ‘Golden Triangle, 218-acre central business 
4 were the steam railroads were sed for three days. of 
Prior to > this flood t there was considerable snow on the head- “waters of the” 
© March 15, rainfa ibut: 4 
a varied 0.20 in. to 3. in. on the from 1. 
oh in. to 4. 25 in. . on the Monongahela water-shed. The crests of the two streams © 
Bs | reached the Point 2 hr and 15 min. _ apart. | ‘Had they coincided, it is s estimated 
» | that they would have produced a flood stage of 40 ft* at Pittsburgh, =| 
Flood of 1936.—The flood of 1936 reached its erest during the night of 
bs - March 17-18, : at which time 62.4% of the Golden Triangle was under water. 
= a The basements of all the office buildings below Smithfield Street and Upper — 
og seen Street were flooded. All - power, elevator, and electric service was 
stage at Elevation 696.8 above mean tide. | 
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| 
shut down. No one was allowed to. pass the F ederal guard lines into the 
“Golden Triangle” without a, permit from the Director of Public Safety. F 
‘The business of the city was paralyzed for ten days. Fortunately, , So thorough Es 
_ were the regulations of the State Board of Health and the City Department | ; 
of Health that no epidemic followed the flood in the city and ‘Vicinity, and 
no appreciable i inerease in the normal death rate. 


to the District during this flood. A estimate 
the Chamber of Commerce placed 


the of the . Allegheny and Monongahela Rives: and the Point, 3 
although hardly a town escaped great damage. ‘The disaster also continued 
the Ohio River 968 miles to Cairo al how 
It is impossible to describe the distress suffered on that memorable a. 
March 18, 1936, especially among the poorer classes, who lost their meager 
all along a river-bank frontal of more than 1000 miles. One illustration, 
out of thousands that could be cited, must suffice. Sharpsburg, is 
— suburb of Pittsburgh, on the right bank of the Allegheny, 6.7 miles 
above the Point. When the flood waters had receded sufficiently 
| shoveling: out the mud from hundreds of homes of the middle and poorer me 
o many pianos and pieces of furniture and other household ‘goods were 
dumped on the sidewalks and streets to be hauled away and destroyed that os 
; As to the causes of the flood: The severe winter and heavy snowfall of 4 
ees have already been mentioned. After the minor flood of February 28, _ 
the rivers dropped. i From March 1 to March 15 mild weather prevailed; the “7 
average temperature w: was 39° > and the ‘total rainfall during the period » was 
128 in. The average river cng was 19 ft. - All signs pointed to a mild 


___ break- up of winter, with the thermometer reaching 61° on 1 March 15 a1 and the 4s | 
river gage at the Point recording 20.8 ft. 1 
General rains began the next day, however. Precipitation on March 
and 18 varied from 1.33 in. to 3.76 in. on the Allegheny water-shed and from _ 
ee . 2.17 in. to 3.79 in. ‘on the Monongahela. The crest of the Monongahela flood 
9 reached the Point at 6:00 P. M. of March 17, and that of the Allegheny 
e arrived three hours later, the Monongahela meanwhile , remaining stationary. 
The Allegheny River fic flows faster than the Monongahela, and the fact that 


. the crest of the latter generally reaches the Point first can be accounted for pe. 


= 


by the shorter length of the stream and by the fact that storm centers 3 usually an 

pass over the head-waters of the Monongahela several hours: before reaching 

the drainage basins of important feeders of the Allegheny. Voie! 

 Ttisa striking coincidence that the Kiskiminetas River, emptying into 

the: Allegheny River 40 miles north of Pittsburgh, and the 
River, joining the Monongahela River 15 miles south of that city, | should 

have supplied the ‘major part of the flow at the crest of both the 1907 and 


floods. The rapid travel of the flood crest is pronounced 
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‘Tue: or GREATER 


The disastrous flood of 1936, has opened deaf ears, dia Kn perce a 


“conception of the importance of adequate flood control. The public a: + 
fare 


‘come to realize that actual damages” were only a a fraction of the loss. 


might have occurred. It may seem absurd to suggest that Pittsburgh is 


Many of the conditions that tend to ) produce a a disastrous flood are ‘presen 

ia the d drainage basin of the Allegheny and Monongahela Rivers. 

r ‘these conditions may be mentioned: — (1) Steep summit approaches of the 

Allegheny and Appalachian Mountains; (2) high percentage of run-off; 
rapid fall of stream beds; (4) ground frozen 1 ft to 3 ft before deep snow 
falls; (5) severe winters; (6) deep snows « every four to > six winters; ; (7) thick — 
ice every five to eight winters; (8) warm spells either the latter part of 
February or early i in March; and (9) hard rains coming ‘about March 15 to 20. 

a The combined incidence of these conditions was illustrated in the flood 

f 1936, ‘but not to the fullest. possible extent. For example, according to. 


—If the rain of March 17-18, 1936, had not turned into above 
bs Oil City, Pa., ‘the flood crest stage at the Point on March (18 would have 
ak 2—If the great rainfall of March 23 to 27, 1913, had centered over - 
drainage basin of the Monongahela and Allegheny Rivers instead ‘el about .* 
60 miles west of the basin, the flood height at the Point would have reached : 
— 8—On December 14, 1927, there was a flood of 30.2 | ft at the Point. If | 
storm m on. that date had passed over the drainage area ¢ of the 


« 


It is of interest to examine one such possibility i in detail. i ee the | floods of 
‘Shea 28 and March 18 alone had combined, there would have been a 
ss of 54 ft at the Point, with enough ice left in the head-waters to form 
heavy gorges. The ice in the Allegheny River might first have swept the 
‘Highland Park Bridge off its foundations, and then the Sharpeburg , Bridge. 
Naty it might have | gorged on Herrs Island, and after doing great damage 
: there, might have broken and moved down through the 16th Street and 
y Pennsylvania Railroad Bridges, only | to lift the 9th Street Suspension Bridge 
Off its piers, causing i it to. turn over and hold the ice gorge like an umbrella 
_ Before the anchorages of the bridge were stressed to the breaking point, 
_ the ice might have been packed solid to the bed of the river and piled up 
from: ot 15 to 20 ft above the flood height at that time. It w would soon have 
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FLOOD 


would have the height “of 55 to. 60: ft, and the 4 
River have been discharging its flood water dhromgh of 
What damage the thick clear ice, rushing the main 
4 have done to | the old buildings and even to the modern sky-scrapers is diff. ) 
cult: to state. . Its impact against the walls at | a velocity of from 8 to 12 ft : 
per sec would certainly have wrought. ‘untold damage and "destruction. 
“ certain that most of the old buildings would have quickly collapsed, and this 


collapse, in turn, would have menaced the stability. of the modern buildings, i 
: _ The loss of life and destruction of property would have been appalling. — This a 
ist no fantastic imagination, b but a conclusion which is the product of many Bei 
years technical experience in the field. Pittsburgh, “Lucky City,” 


s some have such a combination « of ‘The following tabulation 
shows the estimated maximum discharge Pittsburgh that would have 


_ resulted from a combination of the floods of February 28 and March 18, 1936. 
is based ‘on gage readings taken March 18, von the tributaries of 


4 
Estimated Maximum Discha Cubic Feet q 


Total at Pittsburgh 


8 discharge represents a Bage height of ft at the Point; to 


arn revised rating curve for Pittsburgh of June, 1936. It is equiva- 


- lent to a run-off rate of 41.5 cu ft per sec per sq mile, which i is 25% in excess 
the tabular value published by the Commonwealth of Pennsylvania for 


area equal to of Pittsburgh. The actual ‘yun- rate on. 


q 


Although it is not the intention. a the writers to enter upon an an elaborate ta 
description and analysis of the various groups of retarding reservoirs tht 

have been proposed for flood protection on the Allegheny-Monongahela River in 
System, brief discussion | of the nature and action of these reservoirs ‘is 


history of floods in the ‘Pittsburgh District | begins in 1754, when 
the flooded Rivers on an raft. ‘The site this o occurrence 
is now marked by the “Washington Crossing Bridge” at 40th Street, in 


‘Pittsburgh. Je ‘Since then, the problem of — floods on the Allegheny 
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river reased sufficiently to erious: of 
- comprehensive program of flood control by reservoirs. The flood of March, , 
1907, rising to a stage e of 38.5 ft (based on present pool level) at Pittsburgh, ; - 
mone “the impetus for the creation the Flood Cossmianion of 
ie? This was essentially a citizen’s auspices 
‘ of the Chamber of Commerce. The Engineering Committee of the Flood © 
‘ Commission, at the time of t the publication: of its voluminous $ report of 01, 

was as follows: E. K. Morse, M. Am. Soe. C. E., Chairman; the late Emi} 
Swensson, Am. Soe. ©. E; the late W illiam Glyde Wilkins, M. Am. 
Soc. C. E.; George S. Davison, Past- -President, Am. | Soc. C. E.; ; the 
Paul Didier, M. Am. Soc. ©, Ks: the late Julian ‘Kennedy; the late Morris 
“Knowles, M. Am. Soe. ©. E.; and George M. Lehman, M. Am. Soe. C. E., 
‘Engineer in ‘Charge. The Principal Assistant was Kenneth 

+ Funds for the work of the Flood Commission were obtained | oe asking the i. 
i owners of property affected by floods to > contribute at the ‘rate | of 1 ‘mill per 
dollar of assessed valuation. _ Substantial contributions were made by the — 
City of Pittsburgh ‘and the County of Allegheny. | At total of approximately os 
$124.000 was expended from 1908 to 1911 in carrying on 
The first engineering investigations of the Commission were predicated on 


the assumption that flood protection would be secured primarily by the 


“construction of river walls. Thorough | surveys were made of th the river 
Pea channels within the city limits of Pittsburgh, and hydraulic and economic _ 
7 7 studies were made to determine the feasibility and cost of such walls, and — 


to establish their most desirable location. It developed from these studies 
that serious difficulties and uncertainties would be encountered in designing Ye 
a wall which would provide flood protection without the assistance of — 


As the work progressed, the possibility onl advantage of securing flood ee 

control by reservoirs on the head-waters and tributaries of the rivers became <s 

- more and more apparent, and later investigations included extensive surveys 


of numerous reservoir ‘Sites scattered over the drainage area of about 19 000 0 


miles” above Pittsburgh. The selection of these sites was based o1 on 
<  & Teconnaissance including every tributary with a drainage area of more than a 
50 sq miles. The “studies included detailed | analyses of ‘costs, and of 
flood- lowering effect of various groups of reservoirs. They also developed 
possibility of using part of the reservoir: capacity to the dry- 
are] Weather flow of the rivers in the interest of | ‘navigation, sanitation, hardness 


The ingenuity and thoroughness the hydraulic studies can be admired 
even after the lapse of a quarter century ™- has seen great advances in — 


the technique flood control by reservoirs. > 
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The Flood Commission secured of numerous stream 
a - gaging stations and rainfall gages. It collected a great mass of information — 


on matters directly and related to flood control, such as stream 
flow, rainfall, topography and geology, forestation : and agricultural -develop- 
ment, location of ‘coal, gas, and railroads and other 


that reservoirs: be constructed on the head- 
tributaries of. the Allegheny and Monongahela Rivers, for the primary 
food protection of all communities and industries on the banks of ‘these — - 
The location of these reservoirs is shown in 
were also recommended as a seconda ‘We ‘« 
Ino order to convey some idea of the merits of the soventecn-reservoir sy 
tem of, the Flood Commission, in comparison with reservoir systems 
seventy proposed, it is desirable to review the general topographical and i 


conditions governing the selection of reservoir sites 


“Although the s sources of the A Allegheny and Monongshela Rivers 
of their tributaries are in the high mountains that border the eastern edge of 
the combined drainage basin, the major reaches of the main rivers and ree 
larger tributaries are located i in the Allegheny Plateau. _ The even and hori- 
zontal skyline of this plateau shows it to be a plain which has been elevated — 
i comparatively recent geologic times. Since this elevation, the -Tivers and 
. ‘streams of the region have carved a fully developed drainage system of eep 


topography is 3 clearly developed the main v 


rocks composing the plateau consist, in general, of the soft 
shales, and ccame of the Pennsylvanian and are bedded 


80 that the tributaries entering from the west are shorter and less penny 
than those entering from the east. In general, the rock structure of 
: Allegheny Plateau is remarkable f for the absence of hard and erosion-resistant 
. strata. The lack of such strata causes the gradients. of the larger streams 


s to be uniform over long distances, to the joy of the railroad engineer and 


the despair of the water- “power engineer. Th The absence of waterfalls, canyons, 

or gorges” on the . main 1 rivers of such a rugged region n is unusual an and ‘striking. 
Except in its extreme northwestern part, the ‘Tegion is | not glaciated, and, in 
general, rock strata are "exposed in the river beds or have only ¢ a shallow 

cover. (The latter statement does not apply to the glaciated region or to 

of glacial | gravel. ) Because of these topographic characteristics, one le 

_ the main “channel of the Allegheny River, which contains an outwash train 


tay that ona typical river or stream of this ‘Tegion every cross- “section is 
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potential dam site. 80 natural 
‘outstanding advantages: over numerous other on the same 
district the engineer cannot hope to find a canyon dam site lying 
a below a broad flat valley. if topography were the only factor to be consid- as 
ered, it would be correct to state that storage in this region is’ very easy to 
i... The great obstacle to the construction of retarding reservoirs on the rivers : 
id _ of Western Pennsylvania i is furnished not by Nature but by the works *? 
namely, railroads and industrial developments. Several great 
railroad lines and many branch railroads follow the easy and uniform grades 
of the river valleys. iu In the lower and more densely settled parts of the main ae 
it is almost. impossible to displace or relocate the railroads or to 
build a dam of any height without interfering with important industries 
TABLE —Dara on Reservorrs SevENTEEN- Resenvom Prosect Paoros 
THE Fioop Commission or PirrspurcH IN 191200 


Allegheny Basin: q 


Vinee 
1 Clarion No. 1.. 


Clarion 3. 


3 
83 500 


209 000 


se No. 3 61000 © 


Allegheny No. 1.. 


Total, Allegheny Basin = — 969 000 


Monongahela Basin: | a 


— * For location, see Fig. 15. 


ean be shifted to an adjacent valley, or where a main railroad can be elevated © e 
above a a proposed reservoir flo line, although at enormous expense. These 


"considerations are “a paramount importance in the selection of reservoir sites. 
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Of the seventeen reservoirs recommended by the Flood Commission of 
-—Piabur thirteen were located in the Allegheny basin and four in the 

Monongahela bas basin. A summary | of data regarding these reservoirs is given 


Among the excellent features of this system of reservoirs may be mentioned — 
large percentage of controlled area, the | ‘good distribution of sites” 
‘throughout the basin. The degree of protection afforded by this system agrees ] 
well with the economic limit of protection determined by more recent studies. _ 
The design and location of the dams made them well adapted to the storage 
April, May, and June run-off to inevenne the minimum stream flow during 

| the dry months of the ‘summer and fall. L The wisdom of not attempting t to 
develop hydro- electric power at the flood-control reservoirs has been confirmed os 


fe The occasion for subsequent r revision n of | the original seventeen-reservoir 


(1) Among the largest an and 1 most reservoirs of the system were those _ 
on the Clarion and Cheat Rivers. _ The former river is the second largest — 
tributary” of the Allegheny and the latter is the second largest tributary of 
the Monongahela. After 1912 the Associated Gas and Electric Company — 
constructed the Piney Hydro- -Electrie Plant on the Clarion River, and 
West Penn Power Company | constructed the Lake Lynn Hy dro-Electrie Plant 


the Cheat River. These Companies, ‘it is said, also own property rights 


in many or in all undeveloped reservoir sites on the respective 
~ have plans for the future power development of these rivers by chains _— 

Teservoirs extending from. m source to mouth, Among the flood- -retarding 

recommended the ‘United States Engineers" “since 1928 there” 
ate on the Clarion and ‘Cheat Rivers. bis This indicates a conclusion that 
isting and proposed hydro- -electric developments have elimi nated the possi- 

of constructing: flood-retarding resery oirs on these streams. The 
writers: do not concur in this conclusion. They consider that flood protection 


for the great industrial district of Western Pennsylvania is of ‘such para- ae 


sings to acquire flood-control- reservoir sites on the Clarion and Cheat Rivers. 
— Such proceedings although conducted in the public interest, would | give full 
~ consideration to the legal rights of the Power Companies. — The reservoirs — 
_ would be among the most valuable and effective ones of the | entire system, 
3 some years, the Pennsylvania Water and Power Resources Board has 
Tefused to grant permits for further power developments on the Clarion 


River, because of the fact ‘that public welfare be le require the ree + 


has been given to ‘the development of flood storage- reservoir sites on 


(2) The Flood Commission’s original plan contained several reservoirs 
a | storage capacity equivalent. to less: 2 in. -off from 
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controlled water- shea. This capacity is only” about one- .-third or ‘one-fourth 
of that required to absorb the entire run-off of the water-shed during a oi, 
“flood. - Advances in the art of flood-control engineering have made it evident i 

- that the storage of a retarding reservoir can be designated as of “superior” ae 
only if the reservoir capable of _ absorbing completely, or 
——_— any flood that may originate above it. Storage of less amount ar 

than this must be regarded as of ‘inferior” nature, because of the possibility isa 


ee that the reservoir may be operated so as to fill during the early period of ee .: ( 
Mos ia great flood and before the arrival of the crest. For such a reservoir, it ig not 3 Bre | ar | 


possible to set ‘up an operating schedule that will avoid this difficulty in a 

satisfactory manner. If. the reservoir is operated for safe control of the 
largest floods, it will be very ineffective in smaller floods, and vice versa, In % 
the: light of more recently acquired knowledge it appears best, therefore, to to 
_ modify the Flood Commission’s original plan so as to - substitute storage 


of a ‘superior type for that of an inferior type. woh 
» Although’ the wk of the Flos od -Commiss sion was. ‘supported indluental 
public- spirited ‘citizens, many years were “spent in an unsuccessful 


-" attempt to arouse the public to take the necessary legislative and financial 


steps to bring about the actual construction of the ‘reservoirs. If another 


disastrous flood h had occurred within a a few years after the publication of te 


3 1912 report, it is probable that the reservoirs would have been built. Rae 
r ever, the great storm of March, 1913, which caused such terrible damage b- 
the lower tributaries of the Ohio River, did not produce excessively high 


stages on the Allegheny and Monongahela Rivers, and for the following 


‘di quarter century, no flood of extraordinary nature occurred on these streams. 


In 1927, that portion of the work of the Flood Commission dealing a 


wit pers length o of the banks of the Ohio River within the city limits. Thee 
plans p proposed the of the rivers by dredging ‘and also” provided for. 


iim 


) 
terminal wharves, boulevards, and other civic improvements associated with — 
the river walls. Accurate hydraulic studies were made to determine 


‘flood heights would be affected by the proposed improvements. Before the 


completion of the report on these studies, the work was to a close by 

conditions arising within the City Administration. 


Within the past decade the engineering: ‘supervision of flood-protection 


studies in the Pittsburgh region, as in other parts | of the United | States, has 
_ passed from private engineers to the “engineers of ‘the United States Army. Z 
oF Moreover, the old idea that each community | or group of communities should oe A 


“pay in full for its own flood protection is being cast aside by. the ‘public in 
“favor of Federal financing. These considerations have terminated the 


technical labors of the Pittsburgh Flood d Commission, page 


Through he of the Flood Commission, an appropriation of $50 000, 


e of Pennsylvania half from the Federal 
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FLOOD CONTROL 
‘, in 1924 to re- re-study flood- -protection problem 
and to nani up to to date a all previous | studies. — ‘This work was delegated to t the 
States Engineers, who, after making e: extensive | surveys, designs, and 
: investigations, submitted their Endings: in a report dated 1928. In March, 
1987, this report was still unpublished, but it is said to have furnished the 
= basis for the s several subsequent reports by the United States Engi-— 
“neers 0 on the same subject. It i is the understanding of the writers that 3 none 


pare 


in elaborateness and ‘completeness with those of the : report of 1928. 

The report of 1928 recommended the construction of of eleven reservoirs: 

Eight in the Allegheny basin and three in the Monongahela. basin. 
location of these reservoirs is shown in Fig. 16, and pertinent data are given 


Bast is to - noted that the total storage of this eleven- -reservoir system i A 


almost twice that of the original _ Seventeen-re reservoir ‘system of the e Flood 
Commission. The individual dams are much higher, and ‘their storage is 


definitely of the “superior ad type. In the 1928 report it is - stated that this — A 
TABLE 9 


9.—Darta on ON Reservorrs ELeveEn- RESERVOIR System Proposep BY 
THE Corps or Enarneers, Unirep States ArMy, IN 1928 

Reeves? 


Allegheny Basin: 
French Creek. . 


Allegheny... 
Tionesta . 


oning . 


Crooked . 


Controlled | == Srorace Capacity 


drainage — 


area, 
square miles | it 


Percentage of fa 
Ininches | ™ain basin 


ut 
190 
‘ae 

“ 
427 


. 


3.72 


283 


Total, Allegheny Basin | 882 COO 


Conemaugh 


Loyalhanna. . 
‘ 


Manone ahela —~ 


West Fork. . i 
| 


Total, Monongahela Basin . 
| 8879 

even-reservoir system would reduce future flood damage to a negligible 
- amount on the Allegheny and Monongahela Rivers | and on a limited ‘Teach 
r of the Upper Ohio River. The estimated total cost was $96 378 000. The p pro- 
posed dams would be equipped with manually controlled gates to permit the 
conservation of the spring run- No pover, is 
contemplated at the reservoirs. 


Total, both basins... . . 


: 


of ‘the Allegheny and Monongahela Rivers, will “a of interest : 


omparison of Head-W aters.— 


366 
606 


340 000 
500 

730000 


| 


| 612 000 


re 
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road running through it can be diverted to another valley. pias nal ut fy i 
_—_ Monongahela River—There is a favorable site for a large reservoir on 
the head- waters of the main river (Tygart Reservoir, 3 above Grafton, 


contains “no important towns or industries, a 


Allegheny River. —The Kiskiminetas ‘River, its largest “tributary, 
a short distance above Pittsburgh, Pa., , and has an extremely important effect a, 


on floods. _ The valley i is completely occupied by a main . railroad line with heavy 2 


traffic (Pennsylvania Railroad ‘Freight Line). A favorable site for a large é.: 


Allegheny River.—The Clarion River , the second largest enters 


“ta re reservoir is 1 mile above Saltsburg, Pa. A railroad relocation n above the y pro- as 


"3 posed reservoir level is physically feasible, but would be enormously expensive, 
Monongahela Rive er.—The River, its 

enters | a short distance above Pittsburgh and an extremely ‘important 
effect on floods. The valley is comple 
with heavy traffic (Baltimore snd Ohio and Maryland). A favor 


me site for a large reservoir is 2 miles below Confluence, Pa. — railroad 


. relocation above the proposed re reservoir level is | physically feasible, but would & 


a moderate distance above Pittsburgh. has been considered unavailable 
for flood control because of an existing large hydro- electric plant (Piney), A. 
with other reservoir sites controlled by a a power company. — The writers do not 
concur in this conclusion. A flood-storage reservoir river would be of 
value in a flood-control system. 
Monongahela River.—The | Cheat River, the tributary, enters 
ata moderate distance above Pittsburgh. It has been considered unavailable 


for flood control because of an existing hydro-electric plant (Lake Lynn), 
— with other her reservoir ‘ “Sites controlled by a power company. The writers do 


2 not concur in this conclusion. A flood- -storage reservoir on ‘this | river would ae 


4 be of immense value in a flood- ‘control system. 


Allegheny River. reservoir sites on smaller tributaries | (French 


Creek, Tionesta Creek, Red Bank Creek, Mahoning Creek, Crooked Creek, Bit 


and Loyalhanna Creek), but the total storage of these reservoirs is s much less 


Monongahela River—A favorable reservoir | site “exists ‘on one smaller ret 


tributary (West Fork), but its total storage is much less than i is desirable for oe 


the general plan. 


4 In 1929 and 1930, the Consulting Engineers of the Flood Commission of 


Pittsburgh, Ross M. Riegel and H. Thomas, Members, Am. Soe. ©. E., 


reviewed the 1928 report of the United States Engineers, and commended the 
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F excellence of ‘the engineering surveys, designs, and cost estimates described 


si therein. They called attention, however, to the fact that a reservoir system — 
- similar to that described in the report, but of reduced capa capacity, could be Z 
built at a cost of about $58 000 000 (that is, at about 60% of the cost of u 

the eleven- reservoir - system), ‘and would be capable of eliminating 87% of the 

flood damage. They concluded that expenditure of an additional 

~ $38 000 000 to eliminate the last 13% of flood damage would be be an | uneconomic — : 
investment. The concurrence of the United States Engineers in this general 

= is indicated by the selections made in 1936 of reservoirs for con- 


= certain of reservoirs, or by constructing smaller at 


iz 


points farther up ‘stream. In general, it is not desirable to o decrease the 
eights of the dams, since this would change the nature of the storage from > 
superior to inferior. It is generally agreed that the first step toward cheapen-— 
ing the system ‘should be the elimination. ¢ of the proposed large reservoir on — 
the Youghiogheny. Although this reservoir would be of | great value for the r,. 
"protection of the Pittsburgh District, its cost is saddled with an 1 enormously 
‘The re reservoir on the Tygart River is now (1937 ) under construction, and 
it appears certain that some of the other reservoirs will be built in the near = 


future. The decision a as to which are to be started first is yet to be made. 
ie The Flood Control Act of 1936 provides that the Federal Government shall bi 
the construction costs of while local | interests 


rights of way (within certain limits) necessary for the construction ‘of the 
Legislation providing for the payment of that portion of the cost 
assessed to the local interests has been enacted by the Legislature of 


Experience with the recently completed Pymatuning Dam demonstrates 
“the effectiveness of the reservoir method of flood control under enuiliticns 


Oita 
"encountered on the rivers of Western. Pennsylvania. This dam was -con- 


BT structed by the Commonwealth of Pennsylvania to — an adequate supply 

of water for manufacturing | and domestic during ‘periods of low dis- 

on the Shenango River. It is located 86 miles north of Pittsburgh 
and controls a drainage area of 160 miles. The capacity of the 
8 400000000 cu ft and its total cost was $3750000. 

The: first year’s operation of the Pymatuninug Dam has proved its effective- — 

esa in improving dry- weather flow and in controlling floods. ; The industrial 
- city of Sharon, Pa., is located 8 25 miles below the dam, at a point where the | 
Gainage area is s 640 sq miles. On a duly, 1, 1935, the discharge « of the ‘Shenango 


‘see. Although the 
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Reservoir was onl; partly at this ‘time, gates were opened 
sufficient flow w: released o supply the water needed for industrial 4 
and domestic purposes Newcastle, and other manufacturing com- 

“i munities. — ‘This action prevented the complete shut-down of many important 
industries from July 1 to December 1, 1935. 
Since ‘its completion | the Pymatuning Dam has prevented two floods, 
a Shortly prior to January 26, 1937, the level of Pymatuning Lake was ff 
below the spillway. About that time the of ‘warm and 


Lake rose to 0.86 ft over the of this storage 
of peak run- -off, >, the maximum flood stage at Sharon on ‘January 26 was ah 


the great storm preceeding 18, 1936, swept over ‘the Middle 


States and New England, the Pymatuning Reservoir was not full. The gates 
were closed and impounded the flow so that 1 no flood damage ‘occurred in the — 
Shenango Valley, and no industries were shut down on account of high water. oa 
‘This was the only river valley in Pennsylvania which did not suffer damage — 
a 4 during this flood period. . Evena at Newcastle, 21 miles below Sharon, where the 
drainage area is 804 sq miles, there were no serious flood losses. ” 


“= The owners of important industries in the Shenango Valley claim that the 


Dam project: paid for itself during the first its life, 
S In general design and construction this dam is similar to those proposed for & _. 
4 flood- -control on the Allegheny and Monongahela Rivers, ow 


No reference has thus far been made » to the exact effect the various pro; 
posed reservoir systems would have on a particular flood. — The 1912 report 4 
of the Pittsburgh Flood Commission and the 1928 report of the United 


States Engineers both contain the results’ of extensive ‘computations purport: 


= 


a 


‘ 
> 


ing to answer such questions. __ However, a a close study of the different ari 
Se 
have that the final ‘results 2 are accurate. The 


is that, in the present state of the science of hydraulics, no commis reliable, — 
and practical analytical method exists for determining the manner i in which 


flood waves from several tributaries will combine | to form a single flood were % ¥ 

oe From considerations based on the volumes under the hydrographs of the f- 


4 tributary floods, ‘together with approximate estimates of the velocity, of crest 
"movements, it is possible to form a rough idea of how ithe tributary waves oi 
combine » into a single main wave. ‘This was essentially the method used ze 


the 1912 study of the Flood Commission and was the best or only ‘method te 


mown to the Engineering Profession at that time. It is, however, subject ot 


to errors of large or uncertain magnitude. be 


In more recent years, a method of flood- -wave routing, usually known #8 a 


the Watkins method, was developed in studies on the Tennessee River under 
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neers in their 1928 studies for flood protection of the Pittsburgh District. It 
assumes the river to be divided into several reaches extending between suc- 
“cessive ‘gaging stations, and the flood to be divided into” ‘several inter-— 


Bince little hes been published regarding hydraulic prin- 

in a study of flood protection by reservoirs on a river system 

the main streams of which are several hundred miles long, it is appropriate 
» oe include a brief discussion of the theory at this point. At any meget rsection 
of a river, let z = - the elevation of the water surface above datum 
mean velocity of the water; ¢ = the time; g = the acceleration of pve . 
ies & horizontal distance from the source of f the river or from some arbi- — 

trary origin; d = = the mean depth of the water -(cross- sectional area divided 
of surface width); and s = the hydraulic slope, or loss of head per foot of 

‘The ordinary law that the hydraulic slope of an open channel varies 
a the square of the velocity is then expressed by the formula, s = kv’, in — 
Be k is the “conveyance factor” of the channel, involving the effect of 

both the hydraulic radius and the surface roughness, At any given cross- 
ection, k is a function of z. In general, v and z are functions of both zandt. ; 
{ In the previously n mentioned Bulletin** it is shown that at any cross- section a 4 ‘ 
of a river, the flow must satisfy two conditions : (1) The law of conserva- , a 
tion of energy; and (2) the law of continuity or conservation of matter. The 7 
differential equations expressing these two laws, respectively, are as follows: 


— 


Equation (1) the names of ‘the terms, in order, are: The 
‘slope term”, head term”, “acceleration head term”, and “hydraulic 
friction In Equation (2) ‘the names of the terms, in order, are, the 
“prism storage term”, the “wedge storage term”, and the “rate of rise term.” 
d a ‘The derivation of the ‘Equations (1) and (2), being based on fundamental 


‘mechanics, is rigidly exact, but the actual integration to povatn numerical 
-tolutions of practical problems is by far too intricate and laborious to be 


HL R. Doe. 185, 70th Cong., 1st Session, Appendix B, Pt. II, pp. 40-52. 


ree, 


a. “The Hydraulics of Flood Movements in Rivers”, by H. A. Thomas, M. Am. Soc. C. E., 
Bulletin, Carnegie Inst. of Pittsburgh, 1934. 
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to satisfy certain requirements of inflow, outflow, and storage. It has = 
t shown by one of the writers” that the errors and uncertainties of this 
1  § method, as it is ordinarily applied, are probably as great as or greater than a. 
those of the simpler approximate method used in the 1912 report of the Flood a 
4 
| 
q 
t 
t 
ig = 
lal — 
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workable. ot To obtain a solution that is workable from the "standpoint of 2, 

- human patience and endurance, it is necessary to replace the infinitesimals, Tat 

a oz, by finite reaches of the river expressed i in miles, and the infinitesimals, a me 


that these Seite space and dime must be made 
oarseness utterly destroys the accuracy and reliability — 
of the computations . Moreover, to keep the intricacy of the computations — 
within the resolving power of an ordinary human mind, it has been the a 
tice to » neglect son some of the | terms of the fundamental differential equations, — 
For example, the “Watkins method” neglects the second and third terms of =f 
Equation (1) and t the second term of Equation (2). The fact that the a 
- neglected terms may be of great actual importance adds to the fundamental i 
a unreliability of these ordinary analytical methods of flood-wave routing. In 
the writers’ opinion, the results of long and tedious computations by these 
« methods 1 are apt to be less accurate and reliable than the results of approxi- hs 
- mate estimates based on simple assumptions of the type used in the 1912 Es 
—_ Goal The successful use of mechanical integration i in n other fields of scientific 
4 ~ engineering practice suggests that it might be possible to construct some 
me 4 integrating machine which would solve the fundamental differential quien 
of flood motion by a 1 mechanical process. At the Carnegie Institute of Tech- _ 
~ nology, much study has been devoted to the design and operation of devices - ‘ 
suitable for this purpose. The ‘most successful machine has been a model 
channel, of length suitable for indoor construction mn and with a greatly exag- 


The ones ‘integrating mode”, is used to designate a device of 
this type. Curves of the river are not represented in such a model, the effects 


struction 1 of each cross-section of the channel of an integrating model to | 


of curve friction being taken care of i in the roughness adjustment. _ The con- : 
- duplicate the area-elevation curve at the corresponding section of the proto- ia} 


type offers: only mechanical difficulties The principal new technical 


3 involved in “the , construction of integrating models : is the repro reproduction of 
the hydraulic friction effect as represented by ks ag 

In the models thus far constructed, tl the hydraulic friction effect has been 
r. 4 produced by sheet-metal baffles extending into the channel from the bed and 
_ A technique | has been en developed for designing these baffles so as to 
k vary ary with z in the model channel in any any desired manner™, thie 

“4 process the rating curves of the river can be reproduced in the integrating a. 
model, thereby satisfying all the > requirements to make the model reproduce By. 

the flood-wave hydrographs of the p prototype with perfect fidelity. 

iN a In 2 such a model of a river system, each important tributary has its own ae 
e tributary floods are 


rs: 27“Model Studies of Flood Wave Movement in the Rivers of the Upper Ohio Water- & 
shed”, by John W. Hackney, Thesis submitted in partial fulfillment of the Ravirements 
for the Master o of Science, Carnegie Inst. of Technology, 
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a —n these principles have been built and tested a at Carnegie Tnsti- 
¥. tute of ‘Technology, and in 1936, the Pittsburgh Office of the Corps of Engi- _ - 
neers recommended construction of a large integrating model of the entire 


-Monongahela River System. At present, work on the 


This model will provide an accurate and reliable method of 
hows much various flood crests will be lowered by the retarding reservoir sys-_ 

tem. lt will also be used for flood- forecasting. _ Provided a sufficient nu num- 


ber of automatic recording gages are established in the field, and properly 
aid 
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FOR ‘THE RIVER AND FLOOD SERVICE OF T THE 


UNITED STATES WEATHER BUREAU 


te By MontROsE W. HAYEs,”* Esq. o 


or on both. The demand for flood forecasts hes ‘grown ‘rapidly, and the 
ing. 
| of refinement insisted upon, is constantly increasin This makes 
_ necessary tl the he establishment of additional observation stations and the oa. 
ment of more methods of prediction. A for improving the river 
and flood of the United States W Bureau is presented. 


fl Peenes in 1854. _ The extent of the network of stations used is not known, — 
nor is it clear, from the literature available to the writer, what degree of 
suecess was attained in making the predictions. However, the obstacles that 
- undoubtedly were in the way were overcome, for the flood- forecasting service 
= France has not been interrupted since ‘that beginning. - Similar work c was 
undertaken in Italy and Bohemia about 1866, and in the United States i in ht 
1871, the latter date being one year atter the establishment of the National e 
_ At present, two distinctly are used by the Weather. 
- Bureau in forecasting flood stages. The older i and more refined method Bis 
- based on gage relations and, more recently, on on discharge data. The latter 5 
method utilizes largely, or egenee, reports of rain that has fallen or . 


rit must be given weight, but the underlying factors are up-river stages. 3 It n may ae 
seem unnecessary to state that the farther a reach is from its source water, 4 
the gre greater the time range that is ; possible in making a flood forecast, but the 
statement is made to bring out more forcefully the difference in the two gen- te 
‘ eral methods of forecasting. On the larger streams, or on . the reach of any 

stream several days removed from the regions of the flood- 


As a rule, it. is to use gage relation or “data 
= flood forecasts for regions into which flow numerous small streams, 
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¥ to stage and as to time. This 1s done now in a satisfactory 
been done for as long as 64 yr. The term of the forecasts 
is i a i 2 or 3 days in the upper valleys to as many as 3 or 4 weeks in the Lower ff 
7 Cht., River and F100 iv., U. S. Weather Bureau, Washington, D.C. ME. hi 
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gaging of these numerous 

: streams, and of the channels that are water carriers only during heavy 

rains, is ‘not economically practicable. In general, moreover, results 
& be of little value in forecasting. — Therefore, it becomes necessary 


AS 


to rely upon reports from n rain-gage stations, distributed over the eatch- 

/ ment basins in such a way as to provide adequate information on the amount 
and intensity of the rain, and its geographic distribution. — Tn much of the 

country east of the Appalachian | Mountains, flood forecasts to be timely _ 
enough to be of real benefit must be made rainfall reports. 
time ‘when the work of the Weather Bureau was ‘ok 
has long ‘since Ry and for ‘many years” the field 

offices, a n V have had di difi- 
in meiting ‘the calls. ‘made ¢ on woe ‘he information. 
At offices situated on rivers the demands for river stage and flood forecasts 

have grown concurrently with the 3 requirements for other : service, and as the | 
use of rivers increases these demands will continue to grow. The develop- 
"ment ¢ of streams for power, navigation, : and irrigation, the larger consumptive 
use of water by growing cities, and the greater use of ‘the flood-plains by 
‘industry, all make flood forecasts not only desirable but absolutely necessary. 
Too, contrary to popular opinion, the successful ‘operation of flood-control 


works, as well as their construction, piggies forecasts of ice-forming — 


impending rains, , and of floods. 


The standard of refinement ‘flood is set by | 

use them. ‘This statement may cause some surprise, | but its truth can easily 

iets be demonstrated. Tt the interests along a river can be protected by 2- = 

op forecasts verified i in n stage with an | aecuracy of about 2 ft, it would be useless 
to spend the money necessary to provide 3-day forecasts with an order of 

 aeeuracy of less than 0.5 ft. On the other hand if the latter and more accu- 7 

forecasts were needed, an effort, would be made to obtain the "money 

that would make them possible. - Because of the unprecedented heights of the — - 

ae floods of March, 1936, when, in inundated cities, each 6 in. of rise meant an 

additional loss of f enormous extent, the Weather Bureau now finds ‘itself 

facing ‘unprecedentedly widespread demands for river stage and flood fore. 

casts of longer range and greater refinement. In providing them many 

Ps “obstacles. will have to be overcome. Changes in the present plan of operation - 

4 will be necessary, and some. outstanding deficiencies must be met. . The | 


simpler requirements need not be reviewed here. Others, more complex or 


difficult of attainment, are presented to show why the Bureau can not immedi- — 
ately strengthen its river service to the extent known to be desirable. m These — 


tingid The establishment of more and better placed rainfall stations, especially 
in head-water regions. lo sent 
_ (b) The installation of an adequate network of recording rain-gages to 
enable the forecaster to know the intensity of the rainfall. 
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(ce) Surveys of the amount and condition of snow in the easter 


tains. Few data of this kind are available at present. Reliable and rompt <4 
rainfall reports are not sufficient when the mountain regions hold a greet 


quantity of water in the form of snow, which is likely to be e released by 
. @ Arrangements for a more reliable transmission of rainfall and Tiver- 
stage from the stations to the district centers. . In the es eastern 


a “great of satisfaction, but it is in the 
_ the emergencies—that the greatest need for the reports exists. _ A river fore- 
ae without information from the drainage area above him is helpless 
problem difficult to solve. It has been suggested that r radio sti stations 
should be established in flood- producing regions that are without reliable 
communication, that they should be manned by Weather 


to transmit reports promptly. under all conditions, to the forecast- 


ot be justifiable: certainly, it not be, until it could be 


— 


shown definitely that the ‘Weather had every other less 4 


costly means. for having reports transmitted satisfactorily. One plan 

- (1937) being investigated would utilize amateur radio operators to transmit a 

‘reports in t times of f emergency. _ Another proposal is to find hydrologically 
: |__satisfactory locations for rain- gages, and for some river gages, from which 


be sent to telegraph or telephone offices. This. 


of W Bureau radio stations. 
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= forecasting purposes (Fig. 17), and the establishment of a staff of men in «: 
section, under a section head to handle the river work. These men 
should be charged with: | (1) Placing and supervising the 
- sub-stations; (2) developing and putting into effect a plan for transmitting b 
= reports to the forecasting centers; (3) co- ordinating all phases of the work, he 
and co-operating with other organizations engaged in river work; (4) investi- 
gating the requirements for forecasts and arranging to meet those require- 
ments; developing formulas for forecasting. ‘Through a close 
: amet with the U. Ss. Geological Survey, the W: eather Bureau is now 
3 r obtaining discharge data on most of the rivers of the country. This informa- _ 


(e) Division of the ‘country into eight sections river  sdiministrative 


tion can be used to advantage, i i n combination with the data \ supplied by the i ; 
Weather Bureau itself, in prritrterae more accurate formulas for river- -stage a 
. and flood forecasts. However, the officials in charge of the Weather Bureau | 
stations, who have multitudinous duties: to perform, not the time to 
devote to all the intricacies of the river work. It is obviously necessary 
to have a number of well-qualified men who can give all their time to study- — 


these data and develo in forecastin formulas. 


The foregoing list of r requirements for a river- forecasting service of a 
a order of. ‘accuracy is not merely something to be desired and never 
attained. On the contrary, it represents a plan set up by the Chief of the _ 
Weather Bureau in 1935. A modest beginning toward its accomplishment 
was made on July 1, 1936. Small staffs have been placed both in the Missouri 
Valley and in the Upper Mississippi Valley, » and other parts of am country 
will be taken ca care of, as it becomes possible to do so. “ar 
2 At present, no ‘definite decision has been reached as to actually 
make the forecasts. There are sixty- y-four forecasting centers, it is 
thought the usual station personnel can handle the forecasting with the 
facilities that will be provided by the river and flood staffs. The staffs, 
however, will be mobile, and in emergencies they will be available to do any- - 


thing tha will aid in issuing timely and accurate warnings: of impending. 
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a as was natural that the watercourses and their valleys should have had a ak 


4. great t influence in the early s settlement, trade, and transportation of the 
‘United Widow they were the lines of least resistance to the vast unex- 


country. ‘Later, ‘devastating floods occurred in t the valleys and 


; ‘Protective 1 measures s were sought. _ The first flood protection sponsored by the 


Sacramento “Valley, California. In “1995, ‘Federal interest -Tiver 


reports of the Corps of | Engineers, ' U.S. ‘Army, covering the possibilities of . 


= of tedied scope was manifested, which later resulted in the “308” 

navigation, flood control, water power, and irrigation. By ‘Tune 30, 1935, 

Federal flood- control projects were in force which were ‘followed | 


additional projects ‘throughout the country to June 22, 1936, 


when the general Flood Control Act was approved. A Federal poigy as a 


thereby established, 219 3 main ‘flood- control items were authorized i in 1 46 major ef 


q 


basins and localities, and 232 localities were designated for further investiga- 


Pa., and the Ohio Valley, the “ ” reports. The ‘general features 


tion. Fourteen” reservoirs were the of | 
of the reservoir system, which contengates control. of 


r their s orate are prese 


is 
at It was natural that the watercourses should have had a great influence in 


inland; they for the settlers and power for the first 

mills; and their : fertile e valleys produced rich (Crops | and 

‘They were not an unmixed blessing, however. When the valleys were first 


settled, they in | the condition i in which they were ere found, because 


went their way to the sea in the channels which Nature had When 


: - the primary banks could not confine the flows they spread to the flood- plain 


Man’s- ingenuity was ‘aroused, and he sought ti to protest himself and his 
property. The progressive development of the’ valleys ‘was accepted as a 
necessity a1 and protective measures were early devised to keep the flood-waters 


Lt. Col., Corps of Engre., U.S A.; 8. 
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times the heavy losses sustained thereby aroused ‘the 
at large as never before to a realization of their effect upon welfare ¢ and — 
progress. In the last analysis, economic justification will probably govern the 


shaw) 


pom ug fy inet 
= The largest drainage basin of the ‘country | is that of the Mississippi wee! 


wi th an area of 1240 000 D sq miles. 7 The total area of the | Continental United 
States is 3 026 789 sq miles. This basin includes all or parts of thirty- -one States Ss a2 
about 20 000 sq miles of Canada. The first levee 


which required the grantee to ousidirane and maintain a levee line along the 


floods of caused widespread damage in spite of the 
National | interest. was aroused by the pleas for Federal aid and 
all unsold swamp mp and overtiwed lands within their limits to provide funds to i. 
reclaim the districts subject to overflow. In 1850, also, Congress authorized 
topographical and hydrographic survey of the delta of f the Mississippi 
River, with such investigation as might lead to the determination of the most 
practical plan for securing it from inundation. This work was placed in 
charge of Captain A. A. Humphreys, later aealatiil by Lieutenant H. L. 
Abbot, both of the Corps’ of ‘Topographical Engineers, U. Ss. Another 


we formation of the Mississippi River Commission was” authorized by. 
ae Congress in 1879. It consisted of seven c commissioners of whom three e were 
‘required to be hom the Corps of Engineers, U. S. Army, one from the United : 
States Coast and Geodetic Survey, and three from civil life. ‘ Two of the 
atter must be civil engineers. Between 1890 and 1917, the periodic “appro- 
 priations made by law for expenditure by the Commission were divided among 
_ levees, revetments, and dredging, but the levees were considered as an adienet 
to river improvement. It was not until the Flood Control Act of March 1, 
1, that by law, flood control as such became a definite part of the work — 
of the Commission. The Act of 1917 provided for co- co-operation | by local inter- a 


y ata which were required to provide the necessary rights of way, Pay not’ t less 


‘year, was made by Ellet, a Civil Engineer employed by the! 


of maintenance after completion. ‘The: cost: of river improvement (revetment 
and dredging) was to be paid for entirely from Federal funds. 
In 1927, the Lower Mississippi River “experienced the highest flood ‘ot 
record to ) that time. More than 200 breaches in the levees occurred, although 
it is of interest to note that only a few were in levees built by the Commission, 


and or only one in a a levee built to the Commission’s standard dimensions. Public 
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interest was aroused by t the 20 000 aq 
miles of the valley and cost the lives of about 250 persons. The Flood Control id ‘s 
Act of 1928 resulted, based on the report of the late Major General Edgar 4 
a Jadwin, Corps of Engineers, U. S. Army, M. Am. Soc. C. E., then Chief of © 
Engineers. The project for the valley of the ‘Mississippi River, as outlined 
= in this Act, "provides for the control of flood waters from Rock Island, Tl, 
to the Head of Passes near the Gulf of Mexico, by means of levees, Tribu. v4 
_ taries a and outlets, in so » far as t they are affected b by the “Mississippi River, are 
also included within the scope of the project. (The alluvial valley of the 
Mississippi River consists of the ‘St. Francis, | the Yaz00, the Tensas, and 
the . Atchafalaya | basins, as well as the alluvial la lands around | Lake Pontchar- 
_ train. pS The plan called for raising existing levees by about 3 ft and strength- 
J ening them, and ‘Permitting flood waters in excess of the safe capacity of the 
leveed channel to find their ‘way to the Gulf through the natural floodwaye 
in pre lowlands adjacent to the river, which have always carried the waters i 
‘= extraordinary floods. Levees were planned Lon the edges of these natural flood- 4 


— @ 


( 


ways, to restrain the waters within them as far as practicable ar and to protect 


_ the maximum area of land that it was economically justifiable to reclaim. The 


J flood waters would not escape into the floodways until they reached a pee 


‘the project to the that States or levee were required to main- 
7 tain the flood-c -control | works, except the controlling and regulating structures, — $ 


after their completion; provide all the necessary rights of way without pe 
to the United States ; and contribute 334% of the cost of the project work io 
a between Rock Island, Ill, and Cape Girardeau, Mo. A later Act, approved Bo 
_ April 23, 1934, provided for the reimbursement of States or local levee 
districts for cost of the rights of Way or easements required for the 


levees which the Federal Commission was obligated to ‘provide ‘under ‘the 


of May 15, 1928, provided the cost was reasonable. 
general project for flood control on the Lower Mississippi River 
Brey by the. Act of May 15, 1928, has been ‘amended by the Flood Control ox 


Act of June 15, 1936”, and modified | in accordance with the -Teport of Feb- 


1935, ‘of the Chief of Engineers, wv. Ss. Army” . The adopted 


modifieations of the project consist of the following: (1) The abandon- 
ment the Boeuf Floodway, and thereof construction 
of the Eudora Floodway (west of “the Mississippi River, and. extending 
the latitude of Endora, Ark, into the Red River back- water. 


tion loves: extending the of the Floodway north to 
Arkansas River, located so as to afford adequate "space for the escape of — 


flood “waters without endangering the levees on the east side of the river; — = 


— () the maintenance of the present river levees between the head of the 


31H. R. Committee on Flood Control, Doe. No. 1, 74th Cong. “i 
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the 1914 grade and ‘section, “except in front of populated areas, 
a a part of a ring levee ; (4) the construction of a floodway extending from ie 
, to the Atchafalaya River Ps 
water, w with | a control structure: at its the raising of the levees 
“ - from the head of this floodway to the head of the Atchafalaya River to full | 
standard grade and section; (6) the immediate te completion of the 
levees in the Atchafalaya basin to afford full p protection to all lands out-— 


a six-year program for the and of the Missis 
. sippi River, including the continued maintenance of f the navigation channel 
provided i in the previous project; 3 and (10) the flood control of the St. Francis : 


ie oh was contemplated that the unfinished parts of the levees and struc-_ - 
— tures aneniont by the Act of 1928 and not modified by the Act of al 


added to the previous project, the acquisition or 
for land rights, was $313 000 000, or $245 000 000 in excess of the unappropri-— 


EDERAL INTEREST IN OTHER STREAMS 
. he first expansion of Federal interest in flood control to another cy 


of the United States was authorized by the Flood Control Act of March ‘ay 
1917. It resulted i in a hee es project for flood control, including chennel 


the California Debris Commission created by an of in 1 1893, 


and consisting of three officers of the Corps” of Engineers, U. Ss. Army. 
The Act of 1917 required that the State of California share equally with the | 
United States in the cost of the works, and in | addition, that all rights 7 
a easements, and lands be provided free of cost: to the Federal Govern- — 
_ ment. The Flood Control Act of May 15, 1928, required the State or other — 


local interests to contribute one-half cost of 


to prepare and to Congress an an of making such exam examinations, 
surveys, or other investigations, as in their opinion were required for those an 
navigable streams of the United States, their tributaries, whereon 
{ velopment appeared feasible and practicable, with a view to formu- 
baaragh general Plans: for the purposes of navigation and for the prosecution of a 
‘in combination with the most efficient development 
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mento River, in California. The project, later modified by the Flood Control 
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1925, Federal interest was manifested in river planning of a broad 
a scope. The River and Harbor Act approved on March 3 of that year §g (7m a 

aA 
a 


iP of the potential water power, , the control of floods, and the needs of irrigation 
ae The streams and their tributaries to be investigated were designated in 9 1 
‘s Federal report”, and the River and Harbor Act of January 21, 1927, directed — vie 
the Chief of E Engineers to prosecute the investigations. _ The resulting rey reports oa 
have become q quite generally known as the #906" report... 
Prvhien? work covered practically all the principal I drainage systems of the United es 
‘States. The ; surveys first authorized, involved an estimated cost of $7 322 400, 
: a In addition, the Flood Control Act of May 15, 1928, authorized the expendi 
ture of $5 000 000 of flood-control funds for surveys of tributaries of the 
7 Mississippi River. . In particular, the Chief of Engineers was thereby directed 
to make a comprehensive and detailed investigation of the possible allevia- 
of ‘Mississippi River flood conditions by means of reservoirs, operated 
either pthinasity for that purpose or for some other purpose or combination a 
of purposes, on tributaries of the Mississippi that we were included in the 
list. Further study or review of the “308” reports ts is authorized by 
- "Section n 6 of the River and Harbor Act of August 30, 1935, By June 30, | 
1935, a total of $10 254 123.13 had been allotted. "The work w: was conducted 
by the Corps of Engineers, through thirty-six of the forty-three District — —s 
; Offices. The resulting reports, together with other reports by the Corps of = 
Engineers, furnished the basis for the flood-control projects adopted by the 
. Flood Control Act of June 2 22, 1936. In addition to flood control proper, — 
the: possible influence of potential water power and ee developments me: 
- flood control has been covered in the “308” studies. 


States | ‘and Territories as as of June 30, 1985. - Under Federal Public Works 


and Emergency Relief prograiie; nine flood control projects were in force, 
seven of them in various parts of the United States and two in Alaska, in 


; “a «dt is interesting to note the status of Federal flood control in the United Bz 


addition to the initial Mississippi and Sacramento River projects. These 
projects were: Winooski River System, V ermont (reservoir system); Wall- ee 
kill River “System, New York (channel improvement); South Canadian 
River, New Mexico (reservoir) ; New River, West Virginia (reservoir); 
‘om River, West Virginia (reservoir) ; Muskingum River System, Ohio 
7 (reservoir system and channel improvement); Los Angeles and San Gabridl 
Rivers, California (flood-control system); Salmon River, Alaska. (dikes and 
clearing); and Lowell Creek, Alaska (dam). The total estimated cost of oa 
these projects was more than $100 000 000, including the cost of construction 
and land and damages. Most of them required local ~ operation, prinaigel at 
with to the payment for land and damages. nt} oy 
Between June , 30, 1935, and the approval of the Flood Control 
i of 1936, a total of twenty-seven additional flood-control projects was 
approved for construction under provisions of | the Emergency Relief Appro- 
priation Acts’ of 1935 and 1936. These projects were scattered throughost 
4 the country and consisted of lev ee, channel, cut-off, flood- wall, and reservoir iy 
improvements at a total estimated cost of about $22 351 000. Payment for ai 
 Jands and damages was, the rerponatbility of local interests. “Notable 
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in this list were the Sardis in 

part of the modified plan for Mississippi River flood ‘control);' ‘the 
Possum Kingdom Reservoir, on the Brazos River, Texas (one of the Gaaee. 
reservoirs planned by the Brazos. ‘River Conservancy and Reclamation 

Di strict). boul! afi ban « we orf wt 1 


Flood Control Act of June 22, 1936, opens a new 


2 in ie United States. For the first time in the history of the nation, a — 
_ Federal policy | with respect to flood control for the country at large is s adopted 
C by law. The first four sections and Paragraph 1 of Section 5 of the Act 
Analysis of the provisions s of the Flood Control Act diseloses the follow- 
ing general features: (a) Flood- control projects s are authorized in 6 major 
- = and localities throughout the United States; ; (b) the Act contains 219 


the authorized is from 532 880 to $397532 880, of which 
571325 is for construction and from $95 961555 to $96 961555 is. for 
land and damages. In addition to the authorization of definite flood- — 

projects, the Act provides for preliminary examinations and surveys: for 


studies, and reports at 10 Southern and Western localities where there are 
indications that opportunities may exist for useful flood control in combina- 7 
tion with hydro-electric power development whenever sufficient markets 
become available to absorb the power. pa or One 
. ‘The ‘Act of 1986 does not repeal the Flood Control Act of 1928; or any 
_ provision of any law amendatory thereof. The sum of $310 000 000 is author- Fs 
ized to be appropriated for the flood-control projects adopted by the Act. 7 
™ more than $50000000 may be expended during the fiscal year ending ~ 
- June 80, 1937, and provision is made for relief of unemployment, in con-— 
aa Flood Control m of 1936 | represents national stream planning on a 
4-> ‘scale. The most meritorious projects of the country at large are 
included in the initial program of development. The further possibilities are 


recognized. The ultimate development will likely be determined by 


_* The Federal policy with respect to local co-operation in Projects has been 
er in this paper from the original flood- control project on the Mississippi _ 
River to the present time. Such co-operation has largely attended the 
development of flood control and is a feature of the Act of 1936 which pro-- 
vides that when the cost | of the land, rights of way, and damages exceeds 
/. the construction cost of a project, the resulting participation of the | 
* Government and the local interests is on an cia mat basis. Local interests are 
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project for the Ohio River basin authorized the e Flood Control 


Act of June 22, 1936, “provided for two features, ‘namely: odds 


“Reservoir System for the Protection of Pittsburgh: Construction of 


reservoirs for the Allegheny-Monongahela basin as in comprehensive plan a 
for the protection of Pittsburgh and for the reduction of flood heights in 
the Ohio Valley generally, as set forth in House Document Number 306, 
74th Congress, 1st Session, and in the report on the Allegheny- -Monongahela 
- Rivers and tributaries on record in the Office of the Chief of Engineers; — 
estimated construction cost, $20 646 000; estimated cost of lands and damages, 4 
heat “Reservoir System for the Reduction of Ohio River Floods Below Pitts 4 
burgh: Construction of reservoirs including the completion of the Bluestone a 
Reservoir now under way, which together with the reservoirs for Pittsburgh — 
flood control, constitutes a comprehensive pian for flood contro] on the main 
a stream of the Ohio River and on the tributary stream below the reservoirs, 
as set forth in House Document Number 306, 74th Congress, ist Session; 
estimated construction cost, $19 616 800; estimated cost of lands and damages, 
na ‘The report mentioned as being on record in the Office of the Chief of 
ngineers is an unpublished report, and House Document No. 306, 
Le dq Congress, 1st Session, is a published report, both "prepared, in accordance 2 


“Wee 
Ohio River i is the ec of the Monon- 
Rivers at Pittsburgh, and flows in a general southwesterly 
- direction 9 981 miles to enter the Mississippi River a at Cairo, Ih The river . 
Ai = - discharge varies widely, the maximum and minimum at the mouth being 
1600000 (prior to January, 1937) and 22000 cu ft per sec, respectively. ae 
The b basin, which embraces parts of fourteen States, i is 800 miles long | and 
a has an area of approximately 204000 sq miles. The topography is ir te 
d ersified. In the northern and western § areas th the surface is generally flat 
to rolling, whereas in the eastern and ‘southern areas it is rugged - and 
_ mountainous. The normal annual precipitation for the basin is 45 in. vary- x. 


from 83 in. in the southeastern mountainous part to 31 31 im. in 


_ Because of its large and extensively developed on fields, the basin is 

one | of the principal industrial regions of the United States. The outstand- 

- ing development is that of the iron and steel amiga centered at Pittsburgh, 4 
Pa, , and extending up the Monongahela River and down the Ohio River. i 

Cincinnati, Ohio, , Louisville, Ky., and Wheeling, W. Va., are other large 

centers of industry on the river. Outside the industrial regions, agriculture 
wt ‘High stages occur frequently on the Ohio River and its tributaries, — % 


; the range in stage from low water to high water attaining 40 ft (prior to 3 


_ January, 1937) in some reaches of the main river. The bottom- lands, how- — 
ever, are generally narrow, er, and most of the road, ete., are above the 


2 


4 
— 
— 
4 
af 
— 
— 
Ax 
— 
— 
i 
i . 
£3 
{ 
= 
— 
— 
ta 
— 
— 


re 
FLOOD CONTROL 

risen 5 ordinary fl flood stage, with damage to. cities, 

towns, industries, railroads, and highways. large ‘part of this damage 
ip due to the flooding of basements and the lower floors of buildings, with con- __ 


sequent injury to. goods" and furniture» therein, Crop damages 
importance. Prior to the flood of March, 1936, the average annual flood 
2 Joss on the main stem of the river, exclusive of Pittsburgh, was estimated at 
860 000. (About tr two-thirds of this loss is at or above Cincinnati, because 
pa! the large industrial development along the upper river, and the relatively 
greater flood heights there experienced.) Tt was also” estimated that 
“effective system of flood control would afford an annual benefit of about — 
"$1,000 000 to the lands | bordering the Ohio River, increased 4 
Reports have shown that the construction of levees or walls the 
” sonltan of towns and cities on the Ohio River against high floods appears to be 
poorapd eae in only certain cases. The cost of levees for endl 


the main civ vers, of sufficient height to afford flood storage and 
efeetive ‘power ‘development would inflict widespread costly» flowage 


“ation for such a dam would be near the mouth of the Ohio Rives; bet 
_ investigation n of the most practicable site, has. shown | it to be inadvisable. The re 


— of the water resources of the Ohio River basin, as developed in the 
308’ ’ surveys, , shows that about 250 water-power dev elopments, supplemented z 
by” 32 flood-control reservoirs, and levees and channel improvements on 
tributaries, may eventually be warranted. The total installed hydro- electric 
 eapacity of such a comprehensive. system would reach 8 600000 kw. So 
large an amount of power could not be absorbed for many years, and, — 
obviously, such a ¢ development could only be made progressively, as the 
t growth of the ‘power market justified the individual installations. The : 
total cost of such a comprehensive development is estimated in the “308” — 

_ reports at $1 7 700 000 0 000, ‘and the annual charges at $160000000. The | pos- 
2 sible future annual returns from power are estimated at $169 000 000; ao 
i= benefits from flood control (largely on the tributaries), at $8 600000; 

and the annual benefits to water supply and navigation, at $500 000. 
% ep A possible comprehensive reservoir plan for the alleviation of floods on the © 
‘Mississippi River, through works ‘s designed for the control of floods on its” 
tributaries w was investigated in connection 1 with the “308” repor reports. It included - > 
81 reservoirs on the tributaries of the Ohio, with a capacity of 25 300 000 a : 
acre-ft. The estimated cost of these § 81 reservoirs was $517 000 000. 7 


‘Three large flood- control reservoir projects included i in a the comprehensive 
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y the Ohio Valley. Flood control on the Ohio River, therefore, must 

primarily be obtained by works on its tributaries, 
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the River, a teibatary the River, is not only for the 
= -- purpose of flood scien but also to assure an adequate supply of water for i: 


the operation of the locks on the Monongahela during periods of “extreme 


ernment after appropriation of funds, provided local interests furnish ‘the 


ae seman and flowage, hold and save the United States against damage, 


‘drought, such as occurred in 1930. The dam is being built by the f 
Department. with funds allotted by the Public Works Administration. The 
project is a system of re reservoirs | for the control of floods on 
on Muskingum River and its tributaries, which has been undertaken by the War 
in co- operation with the Muskingum Conservancy District. 
project fulfills the p purpose of two of the reservoirs contained i in the com- ( 
y a enne: ssee River, nearing competion by ‘the: 
he Chief of Engineers in 1935 approved the selection addi- 
j tional ‘flood-control reservoirs in the Ohio Basin, the immediate 
of which appeared to be warranted. They will be built by the Federal Gov- 3 a | 


3 and take over the works after completion. These works include nine reser- Er 
yoirs above Pittsburgh, forming the « comprehensive plan for the protection 


a Bh of that city, three on the tributaries of the Kanawha, and two on the rd 


River, which enters the Ohio opposite Cincinnati. The total estimated cost 
of the nine above Pittsburgh was. $55 215 000, ‘of which $20 646.000 
, a was for construction and +6 569000 was for lands and damages. At one of aie 

the project reservoirs on tributaries of the ‘Kanawha (the Bluestone 


Reservoir. on the New River), power | production can apparently be ‘combined “4 
with flood control. The construction of this reservoir and appurtenant power 
installation at estimated cost of $13 000 000 was recommended in a 
‘comprehensive 1 report on the Kanawha ‘River™, , provided a definite agreement ae 
could be entered into for the disposal of the power at prices that would pro- 
tect the public interest. | The total cost of the other two flood control reer 
-yoirs on Kanawha was estimated at $9 849000 of which $2 886000 was 
for. construction and $6 963 000 was for lands and damages. _ The total cost of : 
the two proposed reservoirs on Licking River was estimated at $7 345 000, hi 
of which $5 046000 was for construction and $2 299000 was for lands ond 
damages. The total estimated cost of the construction | of the reservoirs i 


recommended, exclusive. of the Bluestone Reservoir, was 578 000, and the 


Ae 


made at the time the “308” reports were prepared, 

The system of fouvieen' reservoirs, together with the now under 

construction on Tygart and Muskingum Rivers, » may | be expected to 


the p peak of great Ohio ‘similar to that of 1913, 


The annual benefits from this aye of 1 reservoirs were estimated 
to the great floods of March, 1936, and 1937) at $4 100000, 
ol? 
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ad the annual carrying charges at $3 416 000. The flood of ‘March, 1936, 
is the highest of record in the Upper Ohio River and resulted in new data 
‘as to the probable frequencies of high stages. These data indicate that the ying 
i -control benefits will be greater than previously estimated. The drain- 
age area to be ‘controlled by the system of fourteen reservoirs is 15936 sq 
eae of the 204000 sq miles total for the Ohio River basin. The gross 
apacity of the reservoirs amounts to 3 169510 acre-ft. _ 
immediate local effect and benefit of a flood-control reservoir 
direetly tangible and certain, but its effect on flood heights at the ‘more 
remote localities on the main stem of the Ohio River is less certain. — The x 
just apportionment of the cost of structures of this character betwee the — 


Federal Government the local interests presents a considerable p problem. 


- Prior to 1986, great floods had been experienced at Pittsburgh, notably. in 
1762, 1763 (the succeeding year), 1809, 1810 (another succeeding year), 1816, _ 
3 1832, 1884, 1902, and 1907. The flood menace has ever been present, but the 4 7 
“risk has been and the flood losses taken as they oceurred. In March, 
1936, the Pittsburgh area experienced its greatest flood of the 
iver reached a ‘stage of 46 ft which ‘was 21 ft above flood stage, a ft higher 
than tie great flood ‘March 7, 1907, _ and 12.6 ft higher than of 


whole.’ It had been predicted as the result of | engineering studies. the 


some day experience a 438-ft flood. The flood ‘studies of the War Department 7 
indicated that a 47-ft flood stage was possible under certain conditions. 
+e 1854, when continuous records began, ‘to the close of 1936, 93 flood stages, 
or an average of 1.1 per yr, have occurred at Pittsburgh. According to the 7 
3 all-time record dating back to January 9, 1762, the eleven highest floods — 
_— erested at stages ranging from 35 to 46 ft. The month of March is the 
pee most prolific for occurrence of floods at Pittsburgh; January ranks pvr 
a With the benefit of the continuous record of floods over a long period 
E of time, floods of various heights may be given a frequency | rating according 
to the law of probability The flood of March, 1936 (46 ft), may be expected to 
occur once about every 270 yr, and the flood of March, 1907 (38. 5 ft), once 
about “every | 26 yr. At first thought, these frequencies appear to lend some > 
comfort to unfortunates situated in the stricken areas. Although it is 
E entirely possible that this generation may never witness a recurrence of the _ 
, March, 1936 , flood, the menace is ever present and high waters may Gocur 
close together. This Possibility borne out in 1762 and when x 
Stages of 39 and 40.9 ft, respectively, occurred at Pittsburgh. p 


The Pittsburgh area lies within the influence of both the Allegheny and 


Systems, the flood waters which converge the head 
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Ohio River. The time of arrival of the flood crests from these river 
systems, at Pittsburgh, has an important bearing upon the height of the 
flood stages, which is also influenced by the peculiarities of the ‘distributio 

of precipitation over the separate drainage areas. The differences in latitude 
and altitude and related temperatures over the basin are ordinarily redeem- 
ing g factors, although under some circumstances these factors : may become — 
— nullified. The respective natural peculiarities of the adjoining — 


Monongahela River basins been en instrumental in mini- 


3 always the possibility that conditions may be such that ‘the converging flood ee 
Waters from the two basins may arrive at Pittsburgh at nearly or or at exactly the : 

game time, e, with disastrous results. soot wilt bie 
; The possibility of flood control by means of reservoirs in the Allegheny- = 

7 4 Monongahela basin has been the subject of numerous investigations beginning . 

with that of the Flood Commission of Pittsburgh. The principal object of fF 

these flood-control investigations has invariably been to determine the 

“] feasibility of the control of floods at or near their source, since it is readily ree 

_ recognized that such control would be productive of the most widespread 


- benefits. In effect, a part of the drainage area would be practically cut — 
a 


from the remainder means of flood detention reservoirs. reservoirs 
— should 1 have sufficient capacity to retain practically the entire inflow thereto Bee 
: it can be released so as to reach Pittsburgh after the high water from rs 
the intermediate, uncontrolled drainage area above that city has gone om 
down the Ohio River. As the Monongahela and Lower Allegheny River — 
Valleys cannot advantageously be utilized for reservoirs, resort must be had 
: "é to locations on the head-waters and the principal tributaries. The individual a 
‘Teservoir: sites that have been considered in the investigations have boon 
selected after : a study | of the physical and | economic features of the basin a 
a whole although, in this respect, the basin offers little choice of sites, and 
with a view to distributing the individual units so that as s many of them as 
possible would become effective no matter what the particular “storm and 
As a result of previously mentioned investigations and ‘reports by the as 
U.S. Corps of Engineers, the Tygart River Reservoir was authorized “a ee 
is now (1937) under der construction at an estimated cost of $15 700000. This Ky 
reservoir will have a . capacity of 314000 acre-ft for the control of spring floods, 
equivalent to a run-off of 5 in. of rainfall from the tributary area of 1183 sq pel 
_ miles. The reservoir is also designed to provide an adequate low-water dis- 
charge for navigation purposes on the Monongahela River. As a flood-control 
reservoir, it will serve as the initial unit in any flood-control reservoir system — 
whieh may be provided in the Allegheny-Monongahela River basin. 
‘The project system of flood-control reservoirs for the Allegheny-Monongs- _ 
hela River basin above Pittsburgh adopted by the Flood Contro] Act approved — 
=) we une 22, 1986, consists of nine units, in addition to the Tygart Reservoir. — 
- This system may be considered tentative. Revision of the “308” studies by 
_ bringing them up to date may indicate that ad additional reservoirs or other — 
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a FLOOD CONTROL 
“facilities may be economically justified. The total capacity of 
gystem, including the Tygart Reservoir » would be 2272 500 acre-ft and the 
al amount of drainage area controlled would 7 487 sq miles. 
‘The basin above Pittsburgh comprises 19117 sq miles, which would leave 7, 


11630 sq miles, or 61% of the basin, uncontrolled by reservoirs. 

Investigation of the probable effectiveness of the reservoir system indicates 
that the flood of March, 1907 (stage, 38.5 ft at Pittsburgh), would have been a 
reduced to a stage of 31.5 ft and the flood of January, 1913 (stage, 34.3 ft) to 
- 4 97.9 ft. For the great flood of March, 1936 (stage, 46 ft), studies --§ 


id that the | reduction i in n stage would have been about 7 T ft. é, Slightly reduced 


River to and below Wheeling, Ww. Va. an aw) 
tee The total cost of the nine reservoirs of the system was estimated at the D 5 
time the “ 308” reports were made, to be $55 215 000, of which $20 646 000 i 
would be for construction and $34 569000 for land and damages. It is evi- 
that the Allegheny-Monongahela River basin does not represent 


y - _ territory in which reservoirs may be built cheaply at favorable physical loca- 

i tions. Railroad lines early pre- peng: the main valleys in a region n of 
"extensive natural resources. In every ‘Teservoir site, except one (Crooked 
$s =~ Creek), existing rail development would be affected, and in some cases exten- n 
= _ sive relocation would be required. Numerous small villages would also have _ 
‘The benefits that would result from flood control by means of reservoirs > 
al oa - should outweigh the cost of providing the facilities. Although a flood of x 
magnitude of March, 1936, causes widespread damage of very great 


amount, it is of infrequent | occurrence, so that the ‘average annual damage 
ey such floods is relatively small. The floods of small heights, although : 
S they have a high frequency, also result in relatively small annual damages. It 
7 the floods of intermediate height; that is, neither extremely high nor just 


| rely ood stage, that result in the greatest amount of average annual 
damages, since the damage per flood is relatively high and they occur fairly 7 


Ss 5 The unprecedented flood of March, 1936, in the Upper | Ohio River area area 
Bs! presented some new evidence of cause and effect of extreme floods. ae 
AMY ~project reservoir system, however, was planned to accommodate certain hypo-— 
thetioal floods. These represent the probable results of the translation of 
apy: large storms of record, such as that of March, 1913, which involved only A 


_ part of the Upper Ohio River basin, to more effective positions on the basins. oa) 
Some adjustment of the 1 reservoir ‘system may be found desirable in view 
3 of the March, 1936, flood. This matter is now (1967) under investigation as e 
Provided for under the of Congress. The City of Johnstown, 
(in the Allegheny River basin) experienced a devastating flood in| 

1936. Flood- control measures for that area are also under considera- _ 


tion, AD reservoir, or reservoir system, above J ohnstown would supplement 


the reservoir system for the protection of Pittsburgh and the Ohio Valley. 
. The existing reservoir system project, however, would have to be modified by _ 


Congressional action to include such facilities. 
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FLOOD CONTROL 


; The pre control work. of the Corps of Engineers, U. S. . Army, has been 
and will continue to be prosecuted in obeisance to the mandates of Congress, 
Flood control is essentially a matter of engineering and economics, and it is” 

recognized that it presents ‘many problems which must be solved effectively, 
¥ perhaps boldly, and economically. The endeavor has been made to formulate 
4 Projects which are comprehensive, co- ordinated, practical _and economic, 
Revisions and additions may be required to a certain extent. A high over 
P .# of engineering is imperative in dealing with flood problems lest failure of 
works designed to withhold | floods result in greater catastrophes than the 
floods themselves. uN In the investigation. and design of flood-control structures 
the Corps of Engineers has upon occasion retained many eminent engineers _ 
from civil life, as well as eminent geologists, in a consulting | capacity. After e 
the years | since the early settlement of the United States, it appears that 
‘a last flood control has attained a proper place among the ae ‘a 
: activities of the Federal Government, for the welfare of the country . How. i 
ever, States 8, political subdivisions thereof, and other responsible. local 


ABSTRACT OF THE FLOop Approvep June 22,1986 


uthorizing the Construction of Certain Public Works on Rivers Ra 
‘Harbors for Flood od Control, and for Other Purposes. 


Be It Enacted by “the and House | of Representatives of 


wy United States of America in Congress s Assembled, 


Section 1. It is hereby recognized that destri uetive floods upon the rivers 
of the United States, upsetting orderly processes and causing loss of life. and 


property, including the erosion of lands, and impairing and obstructing 
navigation, highways, railroads, and other channels of ‘commerce between the 

- eee, constitute a menace to national welfare; that it is the sense of 
= Congress that flood control on navigable waters or their tributaries is 2 


political subdivisions, and localities. thereof; : that and improve 
‘ments of rivers and other waterways, including watersheds thereof, for flood- — Za 
control purposes are in the interest of the general welfare; that the Federal 
Governm ment should improve or participate in the imreoresnent of navigable mt 
waters or their tributaries, including watersheds thereof, for flood- control Ee 
purposes if the benefits to whomsoever they accrue are in excess 
-? the estimated | costs, and if the lives and social security of people are otherwise 


Doc. No. 738, 74th Cong., H. R. 8455. ot tom lene 
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tio rovements a 
rivers and ‘flood and allied purposes shall be 
Va under the jurisdiction of and shall be prosecuted by the War Department _ 
- gnder the direction of the Secretary of War and supervision of the Chief — 
of Engineers, and Federal investigations of watersheds and “measures for 
| and waterflow retardation and soil erosion prevention on watersheds 
shall be under the jurisdiction of and shall be prosecuted by the Department — ce 
of Agriculture under the direction of the Secretary of f Agriculture, except 
‘as otherwise provided by Act of Congress; an 
examinations and surveys, the Secretary of War and the Secretary ‘of Ag 
qguiture shall be guided as to -flood- control measures by the principles set 
oo in Section 1 in the determination of | ‘the Federal interests involved; 
Provided, That the foregoing grants o of authority shall not interfere with .. 
javestigations and river i mts incident to reclamation projects that 
may now be in progress” or may be hereafter undertaken by the Bureau Ti 


_ Reclamation of of the Interior Department pursuant to any general or specific | ». 


Section 3. That hereafter no money appropriated under authority. of this i 
Act shall be expended on the con construction of any "project until ‘States, , 3 
Of political subdivisions thereof, or other responsible local agencies have given >. 
assurances satisfactory to the Secretary of War that they v will (a) provide - a 
without to the United States all da nds, easements, and -rights- of-way 
-— Mecessary for the construction of the project, except as otherwise provided = 
herein; (b) hold and save the United States 4 free from damages due to the 
: -eanstruction works; (c) ‘maintain ‘and operate all the works after completion 
“ in accordance with regulations prescribed by the Secretary 0 of War: Provided, 
‘That the construction of any dam authorized herein may be undertaken with- 
out delay when the dam site has been acquired and the assurances prescribed 
herein have been furnished, without awaiting the acquisition of the easements 
and rights-of-w: -way "required for the reservoir area: And | provided further, 
‘That whenever expenditures for lands, easements, and rights-of-way by — 
States, political subdivisions thereof, or _Tesponsible local agencies for any 
individual project or useful part thereof shall have exceeded the present esti- 
mated construction cost therefor, the local agency concerned may be reim- 
bursed one-half of its. excess expenditures over said estimated construction 
— cost: And provided further, That when benefits of any project or useful part 
? thereof accrue to lands and property outside of the State in which said project © 
or part thereof i is located, the Secretary . of War) with the consent of the State 


wherein the same are located may acquire the necessary lands, easements, and 7 
- of-way for said project or part thereof after he has received from 
. the States, political subdivisions thereof, or responsible local agencies _bene- 

- fited the present estimated cost of said lands, easements, , and rights- of-way, 

less one-half the amount by which the estimated cost of those lands, easements, 

rights- of-way exceeds the estimated construction cost corresponding 
thereto: : And provided further, That the Secretary of War shall determine 
‘Proportion of the present: estimated cost of said lands, easements, and 
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“righte- that each “State thereof, or responsible 
local agency should contribute in consideration for the benefits to be received — _ 
_ by such agencies: And provided further, That whenever not less than 75 per 
- eentum of the benefits as estimated by the Secretary of War of any project 
ae ; or useful part thereof ‘accrue to lands and property outside of the State ae 
which said project or part. thereof is. located, provision of this section 
shall not apply thereto; nothing herein shall impair or abridge the powers now 
- existing in the Department of War with respect to navigable streams: And ~ 
provided further, That nothing herein shall be construed to interfere with the — 
- completion of any reservoir or flood control work authorized by the er 
end now underway. of 
Seetion | 4. That consent of Congress is hereby given to any two or- 
on more States to enter into compacts or agreements in connection with any pro- 
> or operation authorized by this Act for flood control or the prevention a. 
_ damage to life. or property by reason of floods upon any stream or streams 


‘jellies in such manner and such proportion as may be agreed upon by 
_ such States and approved | by the Secretary of War, funds for construction — 
and maintenance, for the payment of damages, and for the purchase of rights 
of way, lands, and easements in _ connection with such project or operation. 
No such hall b ff hout the furth 
o suc compact or agreement all ecome e ective without Turt er 
— consent or ratification of Congress, except a compact or agreement , which 
provides that all money to be expended pursuant thereto and all work to be | “4 


‘shall be expended and performed by the Department 
sums as may be reserved by 3 


fs  Gaatea’'s . That pursuant to the policy outlined 3 in Sections 1 ae 3, ‘the L$ 


following works of improvement, for the benefit of navigation | and the control — ine 

of destructive flood waters and other “purposes, are hereby adopted and author- i 

ized to be prosecuted, in order of their emergency as may be designated by eee 

the President, under the direction of the Secretary of War and supervision cm 
of the Chief of Engineers i in accordance with the plans: in 
reports: and records hereinafter designated: Provided, That penstocks or 

other similar facilities, adapted to possible future use in the development of 

adequate electric power may be installed in dam herein authorized 


approved by the Secretary of War upon the recommendation of | the Chief of 
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SCOBEY ON FLOOD CONTROL 


Sconry, 35 M. Am. Soc. C. E. (by letter). Symposium 
oa under discussion reference is ‘made to the use of anow surveys, in forecast- _ 

floods. When sufficient snow-survey data have been accumulated for 

‘major water-shed then, of course, excessive snow “depth and water 
 eontent will be indicative of a heavy run-off. + This information can n be _ 
aly applied to streams in which floods are always, or nearly always ZZ 

dependent on snow melting, such as the Colorado River of the a a 

- For streams in which floods are developed by torrential rains alone, or by 

hard rains on top of snow, such as occur in the Gila River water- shed, of 


course a snow survey does not apply or merely indicates" a contributin ing 


an In 1936, snow surveys were extended in the West, by agencies 
‘acting through the U. S. Bureau of Agricultural Engineering as a clearing — 
house, until now they cover nearly all the Western States. The purpose 
of this information is to forecast run-off by the Bureau of Agricultural Pe 
Engineering through its Irrigation Division. Primarily, the interest. 
this agency lies in irrigation and supplemental power, although, of course, ¢ 
- the information developed is equally valuable to hydro-electric interests, to 
ime responsible ‘for city water ‘supplies, and» to the operators” of the flood- 
control reservoirs that lie in the Southwest and other parts of the country. _ 
writer believes that the snow- survey data, thus collected, will 
its extension until all the ‘major. streams, at least in the West, 
Smee. sufficient courses established and under observation to enable their a, 
z performance for the following season to be known. The purpose is not in 
terms of a snow. survey to determine merely how ‘much snow lies on the 
ground, but wholly as a point on a definite curve from which one can 
: forecast the probable run- -off from that stream during the ) following year. : 


A long- time ‘accumulation of such points gives curve of reasonable 


How T. M. Am. Soc. | Cc. E. (by letter). —It is searcely 
necessary “to emphasize the importance of the collection of fundamental 
data to which Mr. ~Wolman refers as the bookkeeping of the water- “resources 
problem. . There is an economic aspect to this problem, namely, that its 
solution requires money and that such money must be obtained, in 
eases, from Government agencies. The writer has had a little eiperionse 


7 with trying to get money from State legislatures for this purpose in order — * 
that the State may co-operate with the Federal Government ; in the collection _ 

of this necessary information. Engineers who appreciate the importance of 

these fundamental data, should make that fact known to the people + who 
have control of the “purse trings” in the Federal Government and in 1 the 
4 Government. It does not require large sums, but it does require 


Senior Irrig. Engr., U. S. Dept. of Agriculture, Berkeley, Calif. 
“Engr. in Chg., State Water Policy Comm., Trenton, N. J. eee? ‘ 
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‘ON F FLOOD 
sufficient ‘money to nerease the facilities for 1is 
. subject is discussed at some length,” in a report of & eden: 
Resources Committee on “Deficiencies in Hydrologic Data.” 


KNappEn,** Am. Soo. ©. E. (by letter) —One gains the im- 


pression from reading the interesting of papers thle Symposium 
that flood-control engineering is as yet a poorly developed ‘branch: of the 
profession. The economic aspect of the problem | seems to be the “least 
developed in the opinion of most of the authors, , although the engineering 
side provokes a ‘rather varied discussion. ‘There i is “manifested a 

ing that the “problem must be dealt with on broader lines than in the past, — 
that technically it must be considered as a major problem in stream 
planning and, and that, economically, ‘new values “must be 
reflected in the determination of justification if the popular pee for oe. 


These demands point the for a critical of the methods 


of this ‘development in that “of the ih connected with” 
flood control. E Essentially, the problem may be divided | between: (1) Hy ydro- 

- logical studies, concerned with snowfall, rainfall, run-off, and flood char- 
(2) planning, which includes the investigation and design 

flood- control structures, such reservoirs, walls, dikes, floodways, 


channel improvements; (3) flood routing, which is used to determine the = 


effect of such works on flood stages; and (4) economic studies, which deter- 
mine the justification for the construction of flood- -protection works and 
relative merits of the various plans considered. 
Hydrological Studies. —The recent experience with ‘disastrous floods 
many of the important rivers of the United States has “modified the Ameri- 
on engineer’s ideas as to the probabilities of their occurrences. Many 
el engineers Tow are dubious of the value of | frequency studies developed on 


the short recorded experience available, particularly in view of the 
stantly changing condition of water-shed development. A natural develop- — 
ment is an investigation in the meteorological field that will indicate 
the po possibilities of maximum > ‘precipitation conditions and a possible 


upward revision of intense rainfall frequencies. Another major considera me 


7 q tion is the change in water-shed development that has been occurring over ro 


~~ many ‘years, the determination of its effect on run- off, and a cnet 


these 


lems, and it is to be hoped in 
the partial ‘cessation of these activities in many parts of the country will 


 Planning- —Rarely to-day does one hear of proponents of levees, reser 


voirs, or channel improvements declaring that their method is the only 


a 37 Rept. of the Special Advisory Committee on Standards and Specifications for 
Hydraulic Data; Submitted by the Water Resource ommittee on art 18, 1936, to the 


—%8 Associate, Parsons, Klapp, 
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ON FLOOD CONTROL 


one to use. On tte hand most engineers that any major 


plan may combine all of these, a8 well as other methods, such as floodways, 
outlets, and water-shed control. Furthermore, it is becoming m more apparent, 
is as emphasized by several of the authors, that flood control cannot be 
“separated from other. developments in water conservation and be 
sidered civie planning and regional development plans. — 
Mr. Uhl has indicated that, in the New England States, flood control 
e be secured as an incident to power development with a reasonable _ 
degree of safety. Others may question the dependability of such control, 
but regardless of individual opinion, at least in many instances economic 
- planning requires that the two be considered together. _ Another important © 
- factor is the ‘need for increased stream flow for | sanitary reasons which may | 
Justify a greater measure of conservation than power alone. ) The reason- 
able combination of these needs with | those for flood control, together 
with a a careful economic valuation of available storage and its most beneficial 
he Use, is an important regional problem. The solution of such problems has — 
an important bearing on planning of flood- control structures. 
Routing.— accurate flood routing the effect ot 


the Carnegie Institute of Technology, in Pittsburgh, Pa., offer the best 
bation to » this problem. They seem | quite hopeful that these models will | 
give accurate results in the determination of the effectiveness of proposed — 
works, Although the writer feels that the use of these models is unques- 
tionably — a _wise move and that they will give valuable results , he is also 
of the opinion recent developments in the analytical handling of 


these have eliminated that excellent 


It should be emphasized — that the analytical flood- -routing methods can 
be checked by applying them to known past floods. When properly ‘made, 
these checks have resulted in accurate reconstruction of past floods. ‘This | q 
Procedure seems parallel to ‘that used in the model studies, in ‘wid the 


is adjusted for past floods. é 


The analytical method is based upon the principle that constant ratio 


- exists for any reael of the river, between the valley storage in the reach — 
weighted flow determined from and outflow. The equation 


ot fx: 5 (i: + — 0.5 (, + + 0,)] 
Xx (% (1.0 — - X) (0 - — 0;) 


in n which K = ratio of st storage increment the reach; ‘ie in day- to 

" - corresponding weighted flow increment, in cubic feet per second; | = time 

_ unit of computation, in days, or in fractions of a day; XY = traction of 
weighted flow increment that i is derived from the inflow increment; hy tay etc. 
‘= total ine instantaneous inflow, in cubic feet per ‘second, to a reach at the at 
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ENAPPEN ON FLOOD 


beginning of successive time units (t); and, 0, ete. corresponding 


_ instantaneous outflow to a reach at the beginning of successive time units, _ 
‘The numerator in Equation (3) is the storage increment, in day-second- a 
feet, and the denominator is the corresponding weighted flow increment, 


«if - + xX o:)], it is apparent that the first term 

"represents the “prismatic” the normal surface slope 
second term represents the wedge” ‘storage increment. It will be 

noted that at least p: of the objection expressed by 


ness and G. T. “Assoc. Members, in ren 
routing studies on the Muskingum project. 
‘The analytical flood- -routing method as now applied is believed to tie 
results on the main stems” of important Tivers but in x most cases 
its application is not practicable on the tributaries particularly where — 
_ many streams of about the same relative importance are coming together. 
= such cases, “some method of developing modified hydrographs for r reser: 
voir systems is needed, which will account for the location and the collec- a 
tion characteristics of the controlled areas as well as 3 their extent. . Possibly, cs 
* technique of model analyses | can be developed for the accurate solution 
oof such cases. At the same time there is a need for an analytical methad . 


that ca can be used at least for preliminary studies. id 


_ Economic Studies—Mr. Jacobs states that: “The construction of flood- 
"protection: projects on a monetary economic basis alone is a thing of the 


pas 


past. _ Where the lives of human beings are endangered and where great 
the result of floods, protective works should be 
constructed. ” This ‘statement is qualified later in the paper by the fol- 


lowing: - “It is also essential that those who must pay y for the protective 


system have full knowledge of the cost, of what burden they must bear, Ss 
of what security the final developed plan provides. 


Attempts have been made to rationalize second problem, namely, 


that. of flood prevention or reduction, on a purely economic basis. 
definite information were available, the solution would be relatively simple; a 
the maximum expenditure economically justified to prevent recurrence of 
certain flood damages would be the capitalized present worth | of the damages _ 
over” the period of flood frequency causing them.” 


points of _view the answer to problem 


as the of Dayton did, after the 1913 a 
of their community, an almost complete abandonment of the flooded areas, — és 
with the in private investments therein far in excess of 
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ities as Pa., ‘Hartford, Oonn., , Binghamton, N. Y,, Spring- 
field, Mass., Wheeling, Va., Cincinnati, Ohio, Louisville, Ky., and 
Paducah, Ky., can take little from statistical computations 
that show the average annual losses to be small based upon frequency 
studies. They are faced with the plain facts of tremendous 
depreciation and restricted development, creating a situation in which -_ 
fz assurance of protection against future floods has @ value in excess — 
of the capitalized average annual value of flood losses, 
The writer would like to suggest that the answer to the problem lies 
| neither in the abandonment of all economic rules nor in the strict applica- 
of the criterion « of capitalized value of average a nnual- flood losses 
in the accepted sense, but rather that it may be found in the determina-— 
tion which may be concerned with the Testoration or mainte-— 


d by flooding, 7 


“areas. 
‘evaluated, as fear af. loss of ll 


tendency to abandon flooded areas, etc., as well: as direct flood losses, are . 


evaluation of these benefits difficult, may be worked out h 


and the need for flood ‘protection established in such places as the Ohio 
Connecticut River, and Susquehanna River ‘Valleys where recent 
oe floods have demonstrated the vulnerability of the valley towns. — 


On the other hand, may there not be many other places as vulnerable that — 
have not felt the disaster of. a “major flood to “drive home”. the ‘necessity 
of, flood protection? Despite the previous floods, the citi- 
zens of Pittsburgh were: not sufficiently -flood- minded before 1936, to 
demand pro protection and to be willing” to pay at least “part” of the eusts. 
Pr rior to the 1937 flood it would have been most difficult to eomvines the 
people of Louisville or Paducah that their cities were in danger of serious 
to coding. Certainly, there is necessity for the development of ‘sound 
engineering and economic methods for determining need for protection, — 
only for places which floods have attacked, but also for for those places 
which, although equally vulnerable, have not felt the scourge a major. 


“enough justify” ‘protection for the ‘more populated 
4 it should be possible to apply the developed data to the internal economics 
of various projects. There are many problems to be solved therein, such 
as the relative balance between reservoirs, channel work, and levees, 
economic size for any reservoir, the height to which levees should be 
built, ete. The solution of these problems Tequires the careful _develop- 

ment of the basic data by zones and elevations as well as extensive flood- : 

routing studies to assign values to the ‘units under 
more, frequency studies Te necessary 
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___ The economic problem is not a simple one “ag case bal on large 
river systems becomes highly involved; but only by “he 
thorough field investigations and Office studies can adequate and sound 
economic, as well as engineering, studies be developed. galt 

M. M. Am. Soc. C (by letter). one 
: of t the situation with respect to flood- control work by the Federal Govern. _ 
ment has given by Colonel Covell. ‘He has traced the legal and 
~ legislative procedure through which the United States has passed to Teach 


stage at which the Congress has -authoriz ed many worthy and bene- 


uF. 


ficial projects” for the protection of lives” and property from the ever-re- 
 eurring ravages ‘of excessive flood flows caused by periodic extraordinary a 

It was inevitable that, or later, the people would demand 
the National Government assume some obligation for the protection es 
citizens the injuries ‘and devastations floods which fre- 


should accept its proper with respect to flood control. 
Constitution of the United States confers upon Congress the Power 
Kt regulate commerce with foreign r nations, and among the several States, 
and with the Indian tribes,” and by this provision there was transferred : 
from t! the States to the Federal Government the control . of all the navigable 
waters of the ‘country for the purpose < of navigation. a first, it was seri- : 
ously doubted whether the power to regulate, comprehended the right to _ 
improve ; that is, whether the improvement of rivers and harbors was & a 
sub of national concern and of constitutional appropriation. | Tn May, 
1824, Congress passed the first Act to improve navigation entitled, “An 4 
to Improve the Navigation of the Ohio and Mississippi Rivers, About 
that time the luminous decision of Chief Marshall, in 
Gibbons vs. Ogden, established clearly and indubitably the ‘power of 
Congress with respect to the waterways of the country which could carry — 
and ‘removed completely the doubts of earlier” years. 
That decision of the Supreme Court of the United States marked the 
birth of _a@ permanent: Federal policy of Tiver and harbor improvement—4 
policy which has grown from y year to year with the increase of population 
and needs of commercial transportation. Now, flood control also has been 
4 made a national activity by Federal law. oid 
thot The "general flood-control bill approved June 22, 1936, and the Overton 
Flood Control bill approved June 15, 1936, were studied for a period _ aa i 
two years by committees o Congress. They were based on the 
reports of the Chief of Engineers containing the results. of studies 
4 ing over 8 long period of years. The Mississippi River Commission is con- 
_ tinuously engaged in studying the flood-control problem on the lower river, 
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has with the prosecution of for 
construction by Congress. The voluminous and comprehensive data pre-— 


“ for national planning with respect to the development of water resources. 
; 


sented in the reports of the Army Engineers” provide the principal basis 


‘They permit the preparation of a program ‘such development on 
 geale limited only by advisable expenditures. a ‘This program may go hand 

in hand with the development of land resources, reforestation, and meas- ; 
ures for the prevention of erosion and retardation of run-off. It is very 
seldom that major flood-control structures conflict or interfere with other 

- hoe The Flood-Control Act of June une 22, 1936, emba rked the Federal Govern- au 


nt on a flood-control program which is to develop in an 


economic and orderly manner so as to afford great and lasting improve- 

- ments throughout the land for the p f lives and property and 
the betterment of living conditions generally. 
Since the enactment of the e general Flo Control ‘Act, the Avmy 

| Engineer organization has been working vigorously in making» detailed 

plans for beginning construction by contract of the flood-control Works 
i authorized. — . The War Department will be ready, when funds for actual con- 
struction are appropriated, to begin work without delay. In the design of 

dams and appurtenant works, the Chief of Engineers is fortunate in having ie 

the, assistance of many the ablest and most experienced consulting 

dinners in the United ‘States, and hopes to secure the services of | others 

as the need develops. Much help is also being afforded through co- -operative 


“arrangements with other Departments and with the hydraulic laboratories 
Although | the planning ‘of flood-control works by the Federal Govern- 4 a 
ment is in a “most favorable and constructive situation, this does 
mean that everything desired is already accomplished. _ There is much hard 
work to be done, ‘and innumerable difficult problems to be solved. How- 
=> the ground-work has been well laid. Questions of local co- operation 
at to financing appear difficult, but they can be solved with patience, judg- ‘ 


R. Assoc. M. Am. Soc. C. -letter).—In 
economics ‘of flood control, Mr. Uhl states that, on a purely 
@eonomic ba basis, the justified expenditure for the prevention of flood 
= damage caused 


by a flood of a certain magnitude and frequency ‘ ‘would be 

the capitalized present worth of the damages over the period of flood fre- — 
quency causing them.’ ” It seems desirable to clarify the procedure implied 

Shi 

future damages’ for which the present worth is to 
he obtained. There may be situations in which too much reliance on the — 4 

: fare for past damages would erroneously justify too large an expendi- = 


“House Doc. No. 308, 69th Cong., 1st Session. 


Associate Hydr. di with, Water Resources Branch, Survey, 
“ton, ‘Submitted with th 
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WILLIAMS ON FLOOD CONTROL 
ture for flood. protection 1 then, again, it might lead to an. entirely 
inadequate expenditure. As an example of the former situation consider 
; _ the Winooski River Valley which is mentioned by Mr. Uhl 4 
reconstruction that occurred in the Winooski River Valley ‘after 
; the flood of 1927 was undertaken with the intent of avoiding, as far io | 
possible, a repetition of former damages. Consequently, highways were 4 
ae on higher ground, coner rete and steel truss bridges with large 
openings replaced light bridges with inadequate openings, spillways of 
dams were enlarged, and many people rebuilt their homes 3 on higher a 
ground. The result is that if the flows of 1927 occur again, the damage a 
in the Winooski River Valley» will not be as great as it was in 1927, In a 
_ other words, some of the justified expenditure for the control of flood Se 
~ waters was spent at the time of reconstruction. . Of course, if flood-control ip 
measures” are adopted immediately after a flood there may be a differ 
ent policy in regard to expenditures for reconstruction, but if -reconstruc- 
has already taken ‘place weight should given to the situation just 
‘considered. A similar situation may exist in other communities y where — 


there has been a permanent decrease in the value of rarest which io 


contrast to the foregoing example are the more argu- 
ments for using, as a basis expenditures, a value 


Again, taking the he 


that an expenditure of $433 000 was justified 


the 100-yr_ flood. However, this sum sl should be increased because struc: 
‘ture which ‘protects against the 100-yr_ -yr r flood also protects against damage 
- eaused by the smaller but more frequent floods. Actually this was done 7. 
and the justified expenditure was: increased to $1 055 000. 
° 7 The problem of increasing the justified ‘expenditure because of a possible 
increase in the value of — property which will be benefited by flood con- 
trol _ is analogous to the one of determining, theoretically, the jee 
a expenditure for a trunk-line e highway. 4 Roughly, the procedure is is to take 
traffic count of vehicles that use existing facilities, and then compute g.. 
revenue in taxes that will come from sale 


the volume of traffic v will original | traffic count 
in addition, there will be an almost indeterminate saving to , private indi- 
viduals and to industries that benefit by the construction of the road. ai re 
‘The original estimate of justified must be increased, but 


comparable situation exists in flood- control planning. ‘Tf “reasonable 
protection is ‘given river valleys, the cities and towns affected may 


STOW, industries may be “attracted, property values will doubtless increase, 


and the wealth of the individual citizens will be augmented. In such cases 
_ figure for the past flood damages becomes entirely inadequate as a 


basis for determining the | price to pay fc protection. 
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This discussion has 1s considered the purely economic without 
any allowance for the humanitarian aspect stressed by Mr. Jacobs. ‘There > 
is no question but this consideration should be stressed, but not 
to the point where a community assumes a burden which may even threaten _ 
its financial ability and thereby interfere with the fulfillment of its normal 
commitments. Experience may prove that i in some cases the soundest 
“method to pay for future will be to establish an 


Artuur T. Sarrorp,‘? M. Am. Soc. C. E. (by —En ngineers ers work- 
ing on designs of river structures, officials and operating men in hydro-electric = 
. _ power stations, and owners and managers of industrial plants located on New | 
Ragiend 3 rivers wil find the by Mr. ‘Uhl extremely valuable, not only 


accurate contained One must have had the experi- 
ence of living and designing ‘structures in and on New England rivers 
to interpret properly flood records. - One needs only to read over the news- 
_-paper accounts and early reports of the 1927 and 1936 floods, to realize 7 
how little | was known at the time about their causes, and the lessons to 7 


- drawn from them. Unless records of river heights and conditions given b>. 
a out during a great flood are correctly reported by newspapers, ane 
_broadeast, the result is to confuse ‘and make it more difficult for the authori- 


ties to know when and how to act in protecting the public. 
‘This is one of the many papers contributed by | engineers fa far enough 
Temoved from the produced by the floods, to make them valuable 


for many years, will given to that of 20 1936), opinions 
expressed and plans made for eliminating future floods, which in many 
= have no more basis than the hope that such a result is possible. — — uf 
The writer’s official responsibilities during the 1927 and floods 
were confined to the Merrimac River, Lowell, Mass. ; but he was 
the employ of the Water Power Company there, p Tors the floods of 1806 
and 1896 mentioned by Mr. Uhl; and was familiar with the flood marke 
1785 and 1852. At Lowell, there are on r record six or 7 more floods 
during 150 yr_which registered 10 to 13. ft on the ‘Pawtucket 
about 15 ft ‘of back- water, ‘but which did little damage beyond the 


due the foresight of Mr. ‘Francis, by installing the Francis gate,” 


4  Engr.., of Locks and Canals on Merrimack Ri Cons. Hydr. mage. 
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7 q — of 102. 02 02 ft above the crest Pawtucket Dam, 
and 6.5 ft above any previous: peak, produced an additional 8 ft of back- 
ay water. For the first time the Merrimac River was not held within its” 
ordinary flood channel, but broke through at several went entirely 


vented from wrecking parts. business center ‘the city, by a ff 
skeleton dam, 3.5 ft above the Francis gate, and a timber and sand-bag q Ra 
dam across the railroad Tight” of f way into the city from north (oo 


After the water subsided, it was found that the city had had a very narrow 
escape from lasting injury. ‘The great mass: of fill accumulated over 


Fic. -18.—Sanp 1 Bac Timber DaM ACROSS THE ‘Boston AND MAINE RAILR D 
LOWELL RalLroaD Station. 

“ period of | 100 yr and more over low areas on the banks of ‘the river oF a 


dumps” was gone; neighboring buildings were _ wrecked ; -certain 
streets in path of the flood were left with half buildings | either 
moved or wrecked; the great “Northern Canal wall of the Proprietors of 
Locks and Canals (which had been overtopped for the first time in its 
history) suffered serious injury in several places; and 1 most of the con- 

duits carrying ‘electric power to the river mills were so ‘thoroughly wet 
for nearly a year weak places kept appearing and had 


All these belonging to the Water Power Company and the 

industrial plants on the iver, were “repaired before the end of the year, 
‘although of it to be done by continuous week-end 

Fig. 19 shows the repair work in progress, the unfinished part. “indicating 


the nature of the break. cat 
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sAFFORD ON FLOOD CONTROL» 


From personal published reports by 

ance authorities, | and others, apparently these same conditions, both a - 
and after the Great Flood, obtained at Concord and Manchester, N. H., 


aa The fact that, in the 1936 flood, the stage was 65 ft ae and the > 
quantity of water 65% greater than any previous ‘flood, with existing 


Nee margins of safety wiped out, would appear to make some improvement 
? 


2A 


Fig. 19—AsoutT THREE-QUARTERS OF CANAL LINING REPLACED; REMAINING QUARTER OPEN 


necessary if these communities are to survive of 
Any study of flood control for New England rivers seem to 
a knowledge of what quantity and height of water had occurred 
prior to this 1936 flood; what additional — burdens this flood had placed 
on the ‘industrial cities ; and what reasonable improvements could be made 
the ‘nature of reservoirs, channel improvements, and dikes, to bring” 
the local control down to the situation as it prevailed during 150 yr or so yf 
= to 1936. = For Lowell and the ‘Merrimac River, this means a peak — 
ar -off of not more than 100 000 cu ft p per er sec instead of 173 000 cu ft per sec; , 
_ on the Pawtucket Dam of not more than 13.5 ft instead of 


20 ft; and a _ corresponding ~ reduction of 8 ft in the height of the — 
axe 4 


_ Assuming flood reservoirs to be actually empty and 100000 eu ft per sec 


— to be the maximum at L Lowell, and the 17 500 000 000° cu ft of natural floo 
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SAFFORD ON FLOOD CONTROL — 
Lowell, Manchester, Concord, and Bristol, H, 
reduced additional Lake _Winnepesaukees would be 
“4 Mr. Uhl wisely re efers to several “partial” solutions, and they should — 
be more generally considered as such. The promise of more than this 
simply deceives the public who ‘Inust pay the bill, either by assessment 
These ‘structures ma may be storage reservoirs, improved channels 
and dikes, and free channel bridges instead of reinforced concrete arched 
structures. ‘All these controls, built and id maintained at great expense, may 
not be sufficient to reduce the maximum peak at the dams across oe 
_ Merrimac River more than 2 or 3 ft, but even this may be worth while. A 
= In recent years, New England has. experienced storms which may 
called torrential, and “such | storms “appear to be inevitable both locally ‘and 
over areas of several ‘thousand square miles. They the White Moun- 


4 lesson from the 1936 it appear ‘that it is the 
_ duty of any one in authority on these New England rivers: 2 (a) To under 


stances, may make for a heavy run- -off; ‘to have complete 

(ce) to know how much and how far permanent structures will stand the os 
Strain ; and (d) to  Teady at least a skeleton on which to build d 


porary “barriers” well” above the permanent structures. Office records in 
the form of diagrams and photographs should be available and studied from 
time time, as freshets (even mild ones), occur; and lessons learned 
from each freshet should have their place in the records. “saan “3 
In addition, an important clement in preparing for New England -_. 
time—time- to transfer human beings, livestock, and necessary and 
valuable possessions to higher ground. In V ermont, in 1927, besides = 
_ erty damage approaching $40 000 000, there was a large loss of human life _ 
were drowned, in the Winooski River Valley), for the 1 most part 
due to the suddenness of the rise of the water and the ‘difficulty in main- at ; 
Very few lives have been lost in floods of the Merrimac River although the: is 


time of rescue often has been short. of the “flood at 
Plymouth, N. was: March 19 , from 8:00 A.M. until “noon, and 
at Lowell on March 20, from |B: 00 P.M. to 11: :00 P.M.; but the Towel 
- peak had been forecast early on the morning of March 19, the Francis gate ne 
§ had been dropped, and work had begun on the protective dams above that oe 


_ The reports and predictions of flood heights from the up-stream stations, ae 
maintained by the public ‘service companies and other authorities, were 80 eid 
frequent and reliable that “not only could the highest points to be reached 
be estimated, but the length of the peak. There was ample time to warn wh: 


- Officials of the city, tl the ‘U. S. Works Progress Administration, Red Cross, es, 
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Police, the ‘National Guard; ; and as a the -splendi¢ 
co-operation wnich American people always have given when they iene 
o— and when there is an emergency, , the City of Lowell did not have — 
appalling loss of life. It speaks for the value of the opeiating 
the public utilities, beyond that of temporary activities. Most of the 
% information broadcast by radio, in so far as it was insufficient or mistaken, 
_ probably increased the anxiety and may have done more harm than good. 
The radio can be made a splendid addition to the telephone = telegraph, 
if in the hands of proper | authorities. | 
Some conclusions, which appear to the writer to be by 
of the March, 1936, flood, and its ‘record- d-breaking heights, flow, 


(1) Engineers and ‘others, concerned with flood work, ‘should think in 


te terms of maximum run- -off, possible from heavy rains, warm weather, and 

ee melting sn snow, , and not of what heights had been reached through a limited 

period of years. ‘They should be ‘ ‘conditioned” to the idea” of the 100-yr 
flood. The precipitation and water » equivalent of the Pinkham Noteh : record 

* for March, » 1936 | (29 in.) may occur the next time in almost any of the 


- (2) More records should be taken every half hour, or 80, , for the upper. 


rivers and principal tributaries, as well as the main river stations, in‘order | 
to be able to predict whether peaks will be distributed or be concentrated. 4 
Ds — (8) Abutments should be higher; if the last few feet interfere with _ 
~ approaches to power or. gate-houses, or if there are railroad cuts, such as 
those at Lowell, Mass., and Manchester, N. concrete ribs, with holes 
drilled for plank flash-boards, may be substituted. At the Old Guard Locks, ae 
at Lowell, an additional 3.5 ft above the Francis | gate was taken care of ; 
_ Without excitement by that form of construction, built after a 1 study of the aan 
\ (4) Every growing i ‘industrial city or town, situated o on a New En; gland = 
river, should shave a n showing flooded areas the: maximum flood. 7 
Thi should be used as a picture in the acceptance of streets, in building — 
bridges, in lay ying out ‘sewers and in granting building The « oceur- 
rence of ice jams, accumulating pressure, and wrecking bridges and» other 
structures, is always a possibility before the winter is over. r. No 
should be built which will add to the flood menace of any district. baa 
ee The valley storage which obtained during the 1936 flood from Lew 
:. rence, Mass., , to Franklin, N. H. (estimated. at 17500000000 cu ft) was — 
50% greater than the combined storage in Lake Winnepesaukee and 
other reservoirs that were already full and discharging before the danger 
“of a higher peak was over. There is no advantage in depending upon — 
flood Teservoirs unless they are nearly empty before the extreme test which 
* (6) The duty of setting permanent markers on New England rivers mie 


the 1927 and 1936 floods, should not be allowed to be forgotten. The fact 
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that the 1936 flood carried than ever “before, may 

4 these records good for a century or more. “Gebers (ae Ain 

- eee Federal and State operating activities (such as the Weather Bureau, 

 Sedimanaa Survey, U.S. Engineer Corps, State police, ete.) should have on a 
_ “file the records of the 1936 flood; and, at times of future floods, they should - 

to the ‘unusually good records of f the ‘utilities | operating hydro- ian 


power stations as well as. to their o own. Snow be much 


This discussion does not do justice to Mr. Uns y paper and is too ‘Der- 


% ool. a Having lived through the strain of the week and more of the floods a 
that oesurved from March 13 to 20; and afterward waiting for the 

full extent of the damage to be known mm and another two months before fol 

repair work could be begun, it is _not “easy to study any” of ‘flood 


4 


profound respect for the forces of Nature, difficulty | of com 
The declivity of New England streams is in their favor. The Pemige- 
_ wasset River, - Plymouth, could not have passed 65 000 cu ft per sec 
~ on March 19, 1936, or the Merrimac River, at Lowell, 173 000 cu ft per — 
gee the next day, except for the slope maintained to produce — the high — 
_ velocities. . Velocities as great as 20 ft per sec ‘were not “uncommon, 
Local flood control by dikes, ‘and river channel improvements on limited — 
areas, should include the sewerage problem, because of many individual 
outlets: into the river. . When outlets “back up” they can be even 
"more dangerous to the public than quick flooding by clean water. 
: From the insurance standpoint: If the damage to the Merrimac Valley 
from the 1936 flood was roughly $20 000 000, , and a flood of such intensity 
_ occurred only once in 100 yr, the sum of $400 000 at 4% compound interest 
would pay the equivalent at the « end of 100 if once in 200 yr, the 
sum of $8 000. _ There would appear to be a field for flood damage insur- . 
ance, as it “might be written by companies: operating on a national scale, 
to protect at least a part of the investment plants, stores, 
warehouses, their contents against loss. 


Hovr,** M. Soo. E. (by letter). city” of the United 
of tm: is situated 80 unfortunately with reference to o rapid 
concentration of flood - waters as is Pittsburgh, Pa.; yet, with respect to 
flood damage, Morse and Thomas describe Pittsburgh as a “lucky 
city,” description ‘that will be concurred in by all engineers who have 


7 - studied cause and effect of major floods in the basins of the Allegheny and 
Monongahela Rivers However, there seems to be no valid reason why 4 


Pittsburgh’s luck will always hold. Eventually, Nature’s roulette wheel will | 

_ Tecord a double zero. When that occurs it is sincerely to be hoped that @ Pat 

catastrophe will by means a “superior type” of reservoit 
asting. 


Conservation Branch, U. S. — 
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Whether ‘or not a super-storm can occur i 
Allegheny River Basins simultaneously i is a qu which, perhaps, 
meteorologists will some day be able to answer. It is true that no such 
outstanding storm has thus far been recorded—the Miami prreteteelll 
of March 24 and 25, 1913, and the storm of January, 1937, having had . a 
- centers to the west, and the storm | of March Po and 18, 1936, to the Pay? 
: er" If any of these storms had been centered over the ‘Upper Ohio River 
Basin greater floods would have resulted than the record-breaking flood of 
1936. However, even even if it is assumed that ‘precipitation over 


River Basin and one in the River Basin which 
materially reduced water content of the snow then ground. 


River Basin to between 2 in. and 8 in in. over Monongahela River 
_ Basin. The minor flood peaks resulting from these thaws broke up and — 
- removed the unusually thick channel ice. To some extent at least flood a: 
tiie run-off must have been reduced by increased infiltration as a result of the 
i” reduction of frost in the ground. All these conditions were favorable to 
= Messrs. Morse and Thomas refer to the turning of rain to snow 
“er Oil City, Pa., during the storm of March 17 and 18, 1936. An 
of the snowfall, rainfall, run-off ff during the 
discloses how enedtent this freak of temperature | was in lowering the flood | 
. crest. Apparently, much of the rain turned to snow not only in the 
= Allegheny River Basin above Oil City, but also in the Monongahela River | 
= above Morgantown, W. The effect of this occurrence was 
materially to reduce the resultant run-off from that storm. That this con- 
M dition existed is evidenced by the fact that in the upper basins of both the 
7 Monongahela an: and Allegheny Rivers the run-off during the period, March 20 
to 31, after the flood crest had passed in 


the basins. The peak run-off during the period, March 20 to 31, in these 
areas, was greater than the peak run-off during March 17 and 18, when | 
He Pittsburgh was” experiencing its maximum stage—a stage very consider- 
q ably lower than that which would have occurred if the rain had not turned 
snow over nearly half the drainage basins. 


March 17 and 18, ‘equivalent | to in. in depth of water over 


Messrs. Morse. and Thomas seem to have departed from an. excellent 

_ presentation of facts tute the realm of conjecture when they referred to 
; the 1 man-made floods. » Tt is true, that at Pittsburgh, Man is occupying — 
valley and encroaching on the channel that Nature has designed to 

carry the floods a, to this extent, the 1 flood damage is mi man- made. Bend oe 
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a of March, 1936 ata increased as a result of changes made in hag 
or other Vegetative cover of the basin, or as a ‘result of any of Man's 

‘Do engineers play fair with the public who look to chem for facts and 

le if they lead the public to > believe that Man is accountable for the 


4 excessive run-off of a major flood, such as that of March, 1936, in the Upper 
Ohio River or that the run-off following major storms, involving the 


unusual timing of the meteorologic events which | create floods, « can be 
controlled materially, except by engineering structures? 
Lr. Con Jr.,45 Corps or Evorweers, U U 8. Anaty (by 
fully outlined by Colonel Covell. It is to be noted that the system of ue i: 4 
reservoirs for flood control on the Ohio River, either authorized or “under if 
construction, is distributed over a wide area, on many tributaries. Little 
has been published as to the methods of operating this to Provide 


The operation of the fourteen reservoirs now (1937) under construction in 
Z. the Muskingum Valley will be placed in the hands of the Muskingum Water- 
_ shed Conservancy District, a political sub- division of the State of Ohio. Iti ea 
only human to assume e that it will be operated to provide the maximum pro- 
~ tection to the residents of the Muskingum Valley. However, will such opera- 
tion provide the maximum ‘protection to the residents alon g the Ohio 
4 River below Marietta? _ Engineers know > that the Miami Conservancy Dis- 
trict System provides | full protection to the residents of that Valley, but 
they likewise know that, with its uncontrolled outlets, benefits to localities 
- along the Ohio River will ‘not necessarily accrue. — In fact, it is easy to 
_ imagine copditions under which it might prove to be decidedly harmful. 
hen the system ‘is extended to other tributaries, with a Vocal 
flood problem in its valley, does it not follow that, unless there is a single 
J office with full authority to control operations on all tributaries, the system 
ow ill not be operated for the greatest good of the greatest number? The 
construction of the system must be the primary objective, but rr 
should b be initiated at once of the best methods of operation. _ 
The problem is a difficult. one, and it is ‘not ‘simplified by the require- 
local If the residents of the Muskingum 
_ Valley, or of Pittsburgh, for example, are taxed for a portion of the costs, 
might they not well ask why they should be interested in what happens : 


attention when the policies en “enunciated in ‘the Flood Control of 1936 


Joun Mrursince © Assoc. M. Am. Soc. C. E. letter) — — Except 


China, there is probably no country in the world which has suffered - 

+ 


Dist. Engr., U. S. Engr. Office, Zanesville. Ohio, 
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MEURSINGE ON FLOOD CONTROL 


‘from food as the ‘low lands the North are better 
known as Holland, or The Netherlands. 

The first levees in Holland were built the Romans to protect their 
4 military highways. As the construction of levees has been continued ever 


compaction: flood | in Holland and the 

= United States,” C. E. W. van Panhuys, District Engineer for the Nether- : 
ands Government, “States that engineers in the United States have done 

everything technically and financially possible for such a young “country. 
In connection with this Symposium, the question may be raised as to — 

: whether American engineers could benefit by: Holland’s long experience — 
with floods. The answer is “yes, af always bearing mind the fact 

that the Dutch engineers are mainly eninaresd with delta problems, so that — 
dams and ‘Teservoirs a are of minor importance to them m. The purpose | of f the 

| Sie dams constructed on the Meuse River about 1917, was to 


_ improve navigation in summer. ‘They are made to disappear during the 


4 Ww Furthermore, the : area considered is s rather small—ebout one-five-hundredths | 


of the Mississippi River water-shed. However, it is not the size that counts, — 

but the effectiveness of “the protection system. Since about 1880 

ke lives have scarcely ever been | lost in Holland on account of floods. — eo eoen 

ty For each river, the Dutch e engineer defines two channel sections : The so- 

called winter section and the summer section. Both are protected by levees. 
The small dikes along the summer section simply protect the valuable graz-— 
ing grounds in the winter section a against the summer flash floods. — The — 
‘winter section is from 1500 to 3 000 ft wide, and the summer section from — z 
450 to 675 ft wide. Within these sections no encroachn ments are allowed 


Nias. 


“except brick kilns, which may excavate enough clay to equal the volume of igs 


Occasionally, a severe flood will overtax the winter section spill 


Ways: are to meet this emergency. _To understand the n of 


lands have ‘elevations which vary between the low-water and 
high- -water stages of the r rivers. if a dike collapses ‘much land would be 
Witt except. for. the fact that it has been divided 
into many different diking districts or “polders,” each of which are pro- — 
by minor levees. “polder” is ‘administrative unit, 


administered by the property owners themselves. . They are under the super: 
vision of the provincial authorities, however, who create and consolidate 


he districts desirable. The meintsing: all, makes 


“Overstroomingen langs Ohio en Mississippi”, Royal Inst. of Netherlands 
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ON FLOOD CONTROL 
flood, each “polder” sends its guards to dikes 
_ Their services come under the control of the engineers of the Netherlands 
Government » who take | e charge of the entire river as 3 long as the emergency 
= lasts. _ If a dike threatens to collapse, or actually breaks, the engineers 
have the same authority as is generally granted to military commanders — q 
i The advantage of many diking districts is obvious. « When a spillway 
d discharges its water over the dike, it submerges one * ‘“nolder” only. This 
district is occasionally sacrificed the benefit of the others. 
- re In spite of these spillways, breaches in dikes still occur. Hence, each — 
district has been provided with a so- called “terp.’ > This is nothing but 
properly located levee, which high and large” enough to take ca care 
ao of the population and live “stock of the ‘ ‘polder” ’ in case the district happens ‘ ‘s 
to be flooded. Frequently, the church and some public buildings are located — 4 


on the “terp”; and it hurts no one’s feelings when the church i is converted 


into a cow barn. ‘during times of emergency. 
_ The methods of making emergency repairs have changed very little in 


the past hundred years. first sign of danger is an increased seep- 4 
cS age flow in the dike. - This water is likely to wash away so much of the 

uv "material that all the fingers of all the Dutch boys would be unable to a 
it. Mats made of willow | branches, staked down on the. inside talus of the 
« dike, are more effective. They keep the material in its proper Place, at 


3 the ‘same time allowing a a free flow of seepage water. ‘This method A. 


Although seldom be stopped until ‘the floods have passed, 
the “hay- -wagon” may ‘solve the problem. One or several wagons 
_ tightly packed with hay are dumped, wagon and all, in the breach. ne Rae 


_a more solid material would be swept away immediately by the jn-rushing — 
waters, the hay permits water to flow through, and the wagons” may form 


- a foundation on which sand bags can be piled for temporary repair. a in 
Most of the breaches in Holland have occurred in the dikes along o 
- Meuse, t he most troublesome river in The Netherlands. In its low stage > 
the run- -off may be as low as 7000 cu ft per sec, and in its flood stage a 
high as 100000 cu ft per sec. 
oy I n 1923, the construction of a series of collapsible dams was begun to 
improve navigation conditions in summer. While this construction was at a 
_ its peak a run-off occurred which was 15% greater than the previous recorded — 4 
maximum. It flooded a ll the works and broke levees” everywhere. 
The cause of this ‘unusual occurrence has been explained in a report 
the Inte Dr. C. W. Lelij,* submitted when he was District Engineer 
for The Netherlands Government. Dr. Lelij’s investigation showed that 
deforestation and newly cultivated lands had had no important influence 
| this run-off, because the average run-off of the floods had been decreasing 


““Rapport betreffende de Verbetering van de Maas voor groote Afvoeren”’, door De 
C. W. Lelij, Hoofd Ingenieur van den Rijkswaterstaat, s’ _ Gravenhage, Algemeene 
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“BARROWS ON FLOOD CONTROL 


‘November 24 to 20, 1925, much snow had fallen i in the 
of the Meuse water- shed. _ Immediately thereafter a heavy thaw had set 
and simultaneously a heavy ‘rain soaked the entire shed. Remarkably 
‘enough, the peak of the storm moved with the peak of the flood from — $ ‘ 
the south to the morthe Letot of blucw 
In other words the determining factor in this flood was the weather; 
“and as no one has yet learned how to control the weather, the Deh 
"engineers (who have accumulated an enormous mass of run-off data) are : 
as much “in 1 the dark” concerning the possible maximum run-off as their 
American colleagues. The authors of the Symposium suggest : the gathering of 
‘more data, but the writer believes that the value of data should not be over- — 
_ emphasized, ‘because some of the floods of the f future may be much worse | aa 


This is not the only important consideration stressed Dr. Leliy’ 
report. It ealls attention on to the fact that the bottom of the winter — 

= of the Meuse River was rising at a rate of 2 mm (0. 08 in.) - 

. In the past 750 yr, this bottom has risen 5 any cinerea haf 
om At some other places conditions were worse. At the end of the Nine- 
teenth Century many railroad bridges had been built. To compensate for 

the channel. 
had been entirely filled i in again. This had con-— 
tributed its ‘share to the higher floods, 
American engineers probably ‘never will know the maximum 
run-off of the Ohio or Mississippi Rivers. . In the centuries to come the 
ands adjacent to the river, which are flooded regularly, will become 
higher also; and the floods, subsequently, will grow more severe. _Undoubt- 
edly, there will be flood disasters as long as people keep making homes ~ 
along rivers. Asa perfect protection system seems an impossibility, it may 
iy be advisable to consider first a more adequate protection of human lives. 
oa _ It may be worth while to spend some money in creating an efficient — 
"emergency organization that could be mobilized on short notice. Places — 
of refuge, where the flood victims could find may 
= in to this plan, and although from a technical and economic standpoint the 
results may not seem great, the most important part 
have been done at a relatively small cost. “Sad 
troll Barrows,*? M. Am. Soc. C. (by letter)—A clear picture of 
flood conditions in New ‘England, a very discussion of the interesting 
- features of the flood of March , 1936, and much information about earlier — 
great floods are contained in the comprehensive and excellent paper 
4 The flood of November, 1927, centering principally | in Vermont, North-— 
_ em New Hampshire, and Massachusetts, was due to excessive rainfall, ; 


Maching a maximum of probably _ in, n the Green Mountains and 


» Hydr. Eng., Mass. Inst. Tech.; and Cons. Engr., 
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ially high run-o ff from the sm aller ‘streams, 
in these eases 
approximately triangular in “form, beginning at about 


peak flow, rising uniformly to 100% at the twelfth hour, and then deme 
ing uniformly to 20% of the peak flow at the thirty-sixth hour. a 
would correspond to total flood run- -offs, Column Table 


10.- —New ENGLAND ‘Froop Data 


mile 


Ellis River, near Jackson, N. H 
Jail Branch, East Barre, Vt 
Baker tae near Wentworth, N. 
— 


North Branch of the Hoosac River, near North Adams, Mass.....] 39 | 99 
Middle Branch of the Westfield River, near Goss Heights. . . 4 53 . 

East Branch of the Pemigewasset River, near Lincoln, N. eae fy 

Deerfield River, near Mass 


_ * Omitting the controlled area of 182 sq miles up stream from Harriman Reservoir. 


* al As will be noted from Fig. 3, the unit flow, of White River is materially — 
> in excess of the enveloping curve presented “by Mr. Uhl, indicating the 7 
- unusual | magnitude of this peak flow for such an area. This is probably os 
due, in . part at least, to the shape of the drainage area of this stream, 
which has three approximately parallel tributaries tending to concentrate — 
of The flood | of March, 1936, was due in part to heavy precipitation | and rs, 
in part to melting snow, and it covered a much larger area than that 
of 1927, resulting in what may be called a “main river” flood of unusual me 
magnitude, but with tributary streams at lesser flows than in 1927. 
Table 10(b) shows a few of the peak flows and total flood run- -offe. 
_ The Lower Connecticut River flows exceeded those of 1927 by “about 
“4 33% at Montague City, Mass., and 42% at Thompsonville, Conn. On the 
Merrimac River, at Lowell, Mass., the peak flow of March, 1936, cid 
by 67% that of the previous highest (in April, 
The writer” has made a a study of flood frequency on the Lower Connecti- 
out River, a graph of which is shown in Fig. 20. Records of yearly flood 
q flows are available for the period, 1880 to 1936, at three Massachusetts sta- 


on Flood Control, 
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ON FLOOD co 
tions, Holyoke, , or Montague City. A ‘record of flood stages 
— Hartford, Conn., extends back to about 1801 and by a plot of flood © 
flow, in cubic feet per 
dations to flood stage at Hartford, it ¥ was possible to relate the latter to 
s&s flood flow at these stations (about 8000 sq miles of drainage area). 


4 


8B 


in Cu Ft per Sec per Sq Mi 


Peak Fiow at Sunderiand, Mass., 


2 .—F Loop Frequency Curve, CONNECTICUT RIVER, AT SUNDERLAND, Mass., 1801- 1935. 
hh this manner all peak flood flows of importance were determined approxi- 


mately for the period 1801-1936, or 136 yr, upon which the plot of Fig. 


20 was based. a Two interpretative e extension curves are shown on . Fig. 2000 
4 
— Curve A gives weight to the five « or six upper points whereas Curve B is “a 
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Direct Floo 


@ more conservative interpretation, giving little weight to ‘the 1927 point 
and to the other relatively high points. Ab batty Sl 
‘This shows the flood of 1936 (not plotted a point) to have: been 


actual greatest. based upon observations for about 150 record, 
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“BARROWS ON FLOOD CONTROL 
he pl of about 
the plot it would have a requency ‘once 4 


by infected ‘trom 
in 500 The 1937 flood shows | a frequency ‘at sent once yr. 


= for ‘their definition: (1) in the 
flood of 1936; (2) damages in the flood of 1927; and (3) the stage or 
discharge at which flood damages are negligible. last point 
3 has been fixed by "personal e experience nee and judgment. wi 
ie Combining the results of the upper enlen curve in ‘Fig. 20 and the 
curve in Fig. 21, ‘Table 11 was prepared. various steps 
in the ‘computations are obvious and require no further explanation. As zs 
be noted, the lesser half of the flood stages contributes mostly to 
. the average yearly flood damages — because, although flood damages are not j 
relatively high, their greater frequency of occurrence effects a relatively 


cubic feet | frequency Direct Average increment 
second 
per square (from dollars dollars in dollars 


mile (8 000 
miles) 


years, = damage, = damage, frequency, a damage, ® 
Fig. 20) 


* 


06 000 4300000 | 55 
ja 4 000 000 


6 600 000 105 


19 600 000 iy 
25 000 000 | Coe 
200 
29 200 000 


ke 
3 900 000: | 365 
33 000 000 
pA 000 000 | 510 
37 000 000 By 
3 000 000 695 


_ larger yearly increment of damage. A flood of the order of that of hs 


- March, 1936, with about 29 eu ft per sec per sq mile, has a high damage pane 
($35 000000), but its frequency | is so rare that the yearly increment itt 


from such a flood is relatively small. 


an Roundly, ‘the average yearly flood Connecticut River, 
as ‘study, are $400000. This direct only 
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BARROWS ON FLOOD CONTROL 


Flood protection on the Connecticut River including a system of 

~ geservoirs as well as dike or levee systems in 1 certain of the lower cities, 
such as Hartford, Springfield, etc., will probably cost about $50000000. — 

: This would mean a yearly carrying charge of $2 500 000 to $3 ( 000 000 for a 
works. — Tt is obvious, therefore, as Mr. Uhl states, “that: complete plan 


upon flood alone. ‘Other benefits from the use of reservoirs 
besides those of flood ‘relief, principally from the use ‘of water for p power 
_ purposes, but also from the point of view of recreational and sanitation 
a benefits, must bear a substantial portion of th the cost t of a reservoir system mh 
Mr. W olman’s statement of the factual situation | in regard to flood pro- 
is in general accord with the views of the writer. 
Engineering studies of past destructive floods are generally senuiatinn. 
i due to the lack in the past of effective agencies to procure and co- ordinate 4 
Fs at or about the time of the e flood the necessary information to serve as a 
basis for its study. Fortunately, there are some exceptions, however, 
illustrated by the Ohio flood of 1913, where local agencies obtained much - 
valuable data—particularly by the work ‘of the Miami Conservancy Dis- 
trict ond its excellent set of reports. Even in this case the 
o of flood damages—particularly those of an indirect nature—are 
certain. During the past decade the U. S. Geological Survey has developed 
a a policy of of procuring data of flood run-offs, arte up all major foods, 


In, general, it is not likely, therefore, that much more 
value ‘relating to the | earlier "deasnedthine floods can be obtained, due to to a 
lack of detailed and carefully, prepared programs for floo 
relief is quite obvious, in most sections of the United States, Tittle 
attention has been given as yet to the consideration of other water uses, 
ae... Mr. Wolman states, « every ‘major flood brings a popular clamor for 
action which if hastily acted upon, without careful and deliberate planning, me 
is bound to mean wasteful and perhaps ineffective ‘measures. Leos “todo ai 
‘ ‘The inhibitions of the Copeland Act of 1936, which was directed solely 4 
at ‘flood- control measures, have had an unfortunate effect in causing almost 
a complete lack of comprehensive planning of river developments thus far 
in accord with all the other aspects of river conservation and control. 


$ _ Moreover, i in ‘many ‘sections of the country y flood-relief benefits are not suffi- 
cient to ) warrant the expenditures required for this purpose alone. 


Although | the destructive aspects of a river in flood must be reckoned ¥ 
with, the development of its constructive and useful the at 
most of the time should certainly not be overlooked and flood-relief mea- 


relief mea- 


 Sares are only a part of the general plans that should be made and con- 


sistently followed in the full development of the streams of the e country. — — 
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Chesapeake Bay, Delaware Bay, and New York Bay, into the Atlantic 
Ocean, Lake Erie, the Niagara River, Lake Ontario, and the St, Lawrence 
J - River. It contains the lowest divide into the great “central basin between 
_ Canada and the Gulf of Mexico. The writer has been familiar with the 
Oswego and Mohawk drainage» areas for many years, both from “personal 
_ observation and from the records that have been kept since 1898, the year 
when the U. Deep Waterways survey was "started across New York 
State from Hudson ‘River t to Lake ‘Ontario. This survey was followed 
by” the New York State Barge Canal surveys and the record has been 
"continued with a greater or less continuity until the present time. 


For the t ten years -1937) records in the ‘Oswego River 


have been kept by Foster B. Crocker, M. Am. Soe. C. E. The control 
a... the principal tributaries of the Oswego River, namely, the Seneca, Clyde, 
and. Oneida Rivers, is _ vested in the State Department of Public Works 3 

these streams are ‘canalized and are part of the New York State Barge 


as. a result of the intense rainfall of July, 1935, and of the much -. 
volume of run-off that « occurred in March, 1986, this drainage 


4 

area was subjected to the two major floods generally described | by Messrs 

Flood control that has been accomplished in New York State prior — . 
to the great floods of 1935. and 1936, except in isolated cases, , has to 

~ incidental to other p purposes. The isolated instances with which the writ 
a is familiar are the Hornell and Canisteo flood abatement projects on the ; 
Canisteo River, which were completed" before 1927 and which, in the case 4 
the 1935 flood , proved inadequate. The  Sacandaga Reservoir was 

- much a water- -storage project for “power interests as a flood-control project 


and a large part of its cost is being paid for by power corporations. i 


the writer’s o opinion the deepening of the Hudson River down ‘stream from —— 
_ Albany, making that city a seaport, had as much effect in reducing the a 
‘The 1936 flood was the greatest of there is a record on the 
Mohawk: River in respect to the rate of flow. However, it did a relatively . = 
small a amount of damage compared to other floods, ‘such as those of 
1903, March, 1904, March, 1910, March, 1913, and March, 1914. 


The floods of 1904, 1910, and 1914 were accompanied by ice gorges. — The . 
flood of 1913 on the Mohawk had climatic conditions similar to that i: ti 
 1936—a period of warm weather early in March followed | by high water, 
7 Biss in turn by a rain in the latter part of the month on saturated 
a, or frozen soil. The physical conditions, however, were greatly changed in ey 
1936; that is canalization of ‘the Mohawk River had been completed, 
and a ‘number of additional storage _Teservoirs were in operation on the 
tributaries, the level of which reservoirs had been drawn early in 
‘March. * The “result was that although a a ni rater 


"greater: quantity of water was 
Senior Claims Engr., State ‘Dept. of Public Works, Albany, N N. 
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retained in reservoirs on the head- -waters, a smaller quantity was retained — 
on the flood-plains of the river, resulting in an increased discharge at the 
with much lower ele elevations up stream; for example, the estimated 
- discharges, i in cubic feet per second, were: 1913, 110000, and 1936, 130 000. » ie 
Neither the reservoirs on the Mohawk nor the canalization were for 
the purpose of flood control. © However, nearly all flood damage has been 
eliminated between Schenectady and Utica, a distance of | 80 miles, where 
prior to the canalization the ground floors of property located within the 
flood- plain were flooded every few yearn, 
4 . Although the primary purpose of the control of the Seneca and Oneida _* 
Fe Rivers was to_ render them navigable with a minimum depth of 12 ft, 
an indirect benefit has been to reduce flood elevations and to reclaim large - 
tracts of land, particularly in the Montezuma marshes through which the | 
Seneca River flows. The property owners along these streams, however, ‘a 
.* have had a different opinion; and as a result have filed claims against the 
State alleging that as a result of the canalization of the aforementioned 
streams and their control by the State, flood conditions have been aggra- 
vated ‘with increased ‘damage to them. Test eases have been tried in 
ie the New York State Court of Claims for the years 1935 and 1936, and bebe 
in the preparation of the State’s defense a great mass of data concerning — 
previous floods been collected, together with an intensive study of 
es climatic conditions, rate of inflow, “progress of the flood, yield of the tribu-— 
‘The drainage area of the Oswego River is 1. con- 
sists of 5120 sq miles at Oswego. A daily discharge record is kept by the | 
USS. . Geological ‘Survey at that place. The State maintains a discharge — 
‘station at Fulton, 11 miles up stream (area, 5017 sq miles). Three 
Rivers, 23 miles up stream from Oswego, the Oneida (area, 1493 sq miles) - 
Vg and Seneca (area, 3 445 sq miles) Rivers unite to form the Oswego a oes - 
The | State maintains a a gaging station : at the > Caudenoy, Dam, 12 miles up > 


maintains the surface i in “Oneida Lake, 4 miles 
up stream, and is provided with a flood- -gate . which, with a guard-gate above 
Tock 23, permits the lowering of the water surface in the lake during the 
winter months and the control of the the lake. ‘s 
Seneca River has its first dam at Baldwinsville, 12 miles up stream 
- from Three Rivers. This dam is supplied with a oe ft flood-gate. Nine 
tiles up stream from Baldwinsville, the State a gaging station con- 
sisting of two recording g gages ‘situated ‘at each end of a 4300-ft rock-cut 
_ channel, known as State Ditch. The discharge from the drainage area of 
8.073 miles is computed by the slope- area method. Thirty” miles up 
stream is the junction with the Cayuga- Seneca Canal. The main canal 
proceeds westerly up the Clyde River, and 6 miles farther up stream the 
State: maintains a gaging station at Clyde, which has a drainage area of | 
880 sq miles. Thirty miles farther up the Clyde, at Lock 30 at Macedon _ 
and the westerly limit of the water-shed, the water brought into the drain- 


area from Lake Erie and Genesee River is measured through calibrated 
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This ‘quantity 135 cu during the 
navigation season, April to November, inclusive. It varies between 10 

vi cu ft per sec and 170 cu ft per sec, depending on the number of lockages a 

at Pittsford, 17 miles west of Macedon. 


om 


A, 


station is 1572 sq miles, 
canal turns from Cayuga Lake, following the course of the 
*. - Seneca River to Waterloo, a distance of 8 miles, where the control Works Hi 
regulating the surface of Seneca Lake are maintained and where a daily 
record of the outflow from the lake is kept. The drainage area above Water- J 
ies addition to these gaging stations maintained by the State the U. 8 
Survey, under the supervision of Mr. Harrington, as District 
_ Engineer, maintains three stations on the Oswego River water- shed, all of Pe 
in which ns sini near the head- waters, in addition to the one at Oswego at the outlet “ 
of the drainage aren (sce Table 19). 
“wd TABLE Stations MAINTAINED BY THE Srares 


Taberg, N. The East Branch of Fish Creek pl! Oneida River ‘a 

Auburn, N.Y The outlet of OwascoLake = | Seneca River — 
Ithaca, N. Y Fall Creek Cayuga Lake 


of July, 1935. —The writer is convinced, ~from personal 
4 tions and Court testimony, that the storm of July 7 and 8, 1935, was more 
extensive than is | shown by which based on reports 
rainfall stations of the U. S. Weather Bureau. In ‘the -writer’s opinion, 
_ the precipitation was concentrated at or near the higher e elevations where 
there are ‘no Weather Bureau stations, ‘and passed over the low "divides or eal 
valleys with a heavy precipitation to concentrate with double the precipita- bf 
on the hills beyond; that is, « extending from the New ‘York-Vermont 
line east of Mt. McGregor, the area of high: precipitation extended west: 
: along the southern escarpment of the Adirondacks to Stewart’s Land- 
‘ing, 20 miles northwest: of Gloversville. South of the Mohawk | the storm 
concentrated on the peaks the Cherry Valley Hills, on the ‘Mohawk- 
. Susquehanna divide, and Oak Hill, which is the divide between the Mo- 
hawk and the Schoharie Thus, streams entering the Mohawk from 
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However, | he v -water- shed of the Oswego River is with 
fall stations in n addition to the U. S. Weather - Bureau stations, most of 
ae whieh are maintained by the New York State Department of Public Works 
and by the Oswego River Watershed Corporation. In addition to pre- 
cipitation records, snow survey records are kept. 
+4 ‘The run-off that resulted from the rainfall of July 7 and 8, 1935, does — 
not appear to have been equalled for summer flows on the Seneca River 
in the period in which records have been kept—that is, for 37 yr. a 


_ per sec per and wt which resulted rainfall not more than 6 hr 


ee nately, no unusual run-off occurred on the water-sheds of the Oneida 


| 


the Rivers. precipitation on the: Oneida _water- was 


the ‘Clyde water- shed was no than: an ordinary summer 


storm. fact, at least one- third the area draining into Cayuga and 


Seneca Lakes did not experience a ‘really “destructive rain. 
ya remainder of the Cayuga and Seneca Lake areas had a rainfall 
that resulted in an inflow at the ‘Tate of 80000 cu ft per sec for 8 - 

on Seneca Lake, from drainage area of 749 sq miles. je Cayuga Lake had 
= a rate of inflow of 100000 cu ft per sec for 8 hr from a drainage area of 
i ($23: 8q ‘miles. - Due to the storage utilized i in both lakes, the peak outflow 
from Seneca Lake was 4400 cu ft per sec and that from Cayuga Lake was ae 


16000 cu ft per sec. _ ‘The elevation reached in Cayuga Lake was 386.0 and ~ 


cu ft per sec. The greatest damage on the navigable. waters resulted to 


truck gardeners: cultivating thousands" of acres of muck land i in n the former 


of the Seneca River ‘between Cayuga Lake and Jack’s Reef. 


number of in the fall or spring both since 


‘ 1918, the date of completion of the Barge Canal _ There i is no record of 4 r 3% 


4000 cu ft per sec. August, 1938, ‘te lake reached an elevation 
of 886.1; and although that was a summer of heavy precipitation, the high Bs 


_ water was as much the result of the method of "operation as of the climatic | a 
‘conditions. _ Any elevation in excess of 385.0 results in damage to property 


ie surrounding the lake and particularly to property ‘in Ithaca at the head — 


The term, “method of “operation,” is ‘used  advisedly. In 1922, 
* “control of the navigable waters of the State were under a bureau separate 

from the State Engineer Department. Since 1927 both the Division 


Canals and of have been in Department 


in Seneca Lake, 449.34. The peak discharge at Baldwinsville was 12000 
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resulted in a sound engineering on which a a proper of opers-. 


those that March, 1865, as shown by the 
report™ of J. P. Goodsell, Division Engineer of the Middle Division, New Re; 


- York State Canals, including the Erie, Oswego, Cayuga, and Seneca Canals 
and the Oneida River improvement. _ Mr. _ Goodsell reported that the 
Sea flow at Jack’s Reef was 19435 cu ft per sec on March 22, 1865, 


that this was the greatest flow ever in the Senece River. aq 


_ There was another great flood on April 10 and 11, 1873, in which Cayuga 4 
_ Lake reached the same elevation as was reached in 1865 . but no discharge 

reported. ‘The peak discharge at Oswego for the 1865 
flood has been estimated as 42000 cu ft per sec. _ The peak discharge at — 
* Se has b been stated (Empire Street Railway Company vs the State of Kp 
“New York) as 30000 to 35000 cu ft per see. The Town of Phoenix is below Es 
the junction of the Oneida and Seneca Rivers and has a drainage area — 
4940 sq miles, about 500 sq miles greater than at the gaging stations on 
peak discharge at Phoenix is usually about equal to at 
Oswego. © . However, in the 1865 flood, 170 ft of a dam situated 0 on the 1 river 
up stream from Oswego, wa was washed ‘out which could well ‘account 
the rent t per sec. The highest flood -clevation 


TABLE 13.—Comparison or Exevations anp 


Cayuga Lake | Seneca River | Oneida Lake | Oneida River Oswego River 
_ elevation, | discharge, | elevation, | discharge, discharge, 
in feet above jin cubic feet in feet above |in cubic feet perjin cubic feet 


ig 435 | 3760 | 12500 


mated of 12 500 ¢ ou ft per. sec. 
"probably ‘occurred i in the flood of 1865 and checks. very well with the : peak at 
discharge from the Seneca River, at Jack’s Reef. “The 
effect. of the control, incidental though it was, is disclosed in Table 13. 
bs _ The low a stage of Cayuga Lake is 381.5 and that of Oneida Lake 
is 369.9. a During the winter of 1936 the level of Cayuga Lake was drawn 
down to 380.3 and that of Oneida Lake to 368.5, in preparation for A 
Annual Rept., State Engr. and Surv., January 3 23, 1866. 
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ON FLOOD CONTROL 


expected high water that did occur. Damage did result from high water > 
in the Oswego River ‘drainage area, and claims have been filed against ? 
State, | but it i is anticipated thet they be 


‘marily for the purpose of the value numerous long- 
secords and their intelligent use by a skillful engineer. The reduction of 
oe flood elevation by 1 ft or 2.5 ft may y appear negligible in sections where a 
flood rises greatly exceed those in New York State; but this lowering © a 
reduced hundreds» of thousands of “dollars the damage suffered. 
- streams discussed traverse regions of long settled and thickly ; populated 
communities and the last foot of usually maximum 


To spend great sums on construction the of basi: data is 
es not only waste, but greater injury than the benefits realized. — al - 
reference by Messrs. Harrington and Johnson to the 
“of considering the engineering economics ‘of each problem is often lost 
set of by some enthusiastic advocates of only one phase of the problem 
of flood control. Thus, there 2 are the reforestry proponents claiming 
4 deforestation to be the primary cause of floods. “ This cannot be true of 
the discharge areas: herein. There is a greater forest cover now 
than there was in 1910 (from ‘the writer’s personal observation). ‘The 
1985 Graphic Compendium of the New York State Planning Board indi- bp 
ates that lumbering ‘Teached its peak in New York State in 1869, and 
that there has been a reduction in improved farm a areas since 1875. 


two instances to climatic over which Man 
no control and no definite knowledge of the cause. ah 
Epwat W. Busu,** M. Am. Soc. C. E. (by letter)—Combined flood 
control and hydro-electric developments are engineering subjects — that will 
keenly interest the 1e profession | for some time to come. The papers of this 


- Symposium are very valuable contributions on the subject. Many schemes 


are under consideration for building groups of reservoirs for the dual 
purpose of flood control and electric» development, practically no 


information has been presented by their proponents as to the procedures 


necessarily must be followed by those operating such — 
80 that the flood- control protection - will receive proper safeguarding and, 

at the same time, those relying on the generated electricity will be satisfied 

In few cases where procedures have been briefly mentioned the 

have stated, what to them seems obvious, that the reservoirs 


will be down | just before the freshet seasons arrive > and after ‘they 


This is quite a simple solution the rain storms 
_ and the weather could be foretold accurately, or could “be regulated, but 


Aetna ‘Casualt and Suret Co, ‘Hartford, Con =f. 
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seemingly quite fantastic when the actual facts are recognized, Those 

wanting protection against flood damages need the reservoirs empty except 

_— when in use for holding back flood waters, and when so filled they should — 

be drawn down as soon as the outflow would “not cause damage 80 they 
are set ready for the next freshet when it comes. Those using the elec. 
tricity and those selling it to obtain funds for - retiring the cost in whole 

or in in part of the reservoirs will desire plenty of water in the 1 reservoirs at | 
all times. It would seem that these conflicting interests cannot be 

Connecticut River w well illustrates the uncertainty of the time 

ry of high | freshets. During the past 300 yr, the highest freshet came in the 

middle of March, _ 1936, the next highest freshet came in the first we eck 

of May, "1854, and the ‘ent highest came in 1 the first week of November, 
1927, at a time when very low water has ons occurred in past years. 

Fairly high freshets have occurred cleo time or another in abo 
is. improbable that any official or board of officials in 


— 


le 


empty the system, or to keep it filled or wont filled if it happened to be ia 
that condition. At such a time the power users and sellers rs could readily i 
— the dollar value to them of any stored water ‘and would strongly 
urge their claims for such, but those relying on the reservoirs for the wort ] 
tection against flood damages would probably not organized and, 
‘therefore, not able to present forcefully their advantage from having 
reservoirs when what might be termed, “border line” situations arose; 


and any freshet, when it reached only be one of moderate 


Atte several of such  faleo alarms it is expecting too much of human 
nature to believe that ti those in contiol would operate a a system so that the 
flood prevention side would always receive : the full protection needed. This 

- geems to be a fundamental consideration that should not be lost sight of. 

, ae most of the c cases when a critical situation is forming there will not “a a 

to convene a board of -eonsulting experts to determine whether oF 

the reservoir gates should be opened or closed, and even if convened 


experts would probably not know correct answers. 


AN E. M. Am. Soc. (by letter).—Comprehensive treat- 
ments of flood-control problems presented in this "Symposium show that 


disastrous flood occurrences of years are gradually causing 

development of a needed, ‘national, flood- prevention movement. 

Some of the Federal plans outlined by Colonel Covell may be delayed .* 

= years, possibly until future flood calamities provide new impetus. 


| Nevertheless, if only a we carried to completion at this time, they 


. Bureau of Reclamation, 
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food- control work i is an forecasting system. Officials of the U. ‘Ss. 


"givers where appreciable time intervenes between occurrence wel storm 
rainfall and the arrival of flood peaks. However, much remains to be 
accomplished in developing adequate forecasting organizations for small 
ir tributary streams in the upper parts of the drainage areas where maximum 
flood stages occur only a few hours, or only one day or two days, after = 
athe requirements for an ideal river and flood service mentioned by the 
late Mr. Hayes,®* if provided in sufficient number in each river section, 
should furnish the necessary facilities for forecasting maximum stages 
. during most flood-producing storms. — Naturally, they would not be ade- — 
oo quate for forecasting cloudburst floods in isolated mountainous drainage __ 
ees, where crest stages arrive almost simultaneously with the” first 
run-off (as at Heppner, Ore., on June 14, 1903, when two hundred people. 
drowned, one-third the town washed away, and approximately 
#250000 worth of property destroyed). renin 


é Cloudburst floods of the Heppner type ohare 80 suddenly and erratically 
that their prediction probably never will be practicable. In such cases 
residents along the lower sections of the streams usually must depend on 
warnings from up- stream locations. During the Cherry Creek 
food of August 3, 1933, caused by doudbarsts south Denver, Colo., 


Probably the 


ings should | ever be pron be to Install automatic 


= 
floats gages at up-stream locations, and to connect them electrically with 


the forecasting office, 80 that alarms would be sounded dangerous 


_ Automatic ‘recording river and rainfall gages’ are desirable for use in 
forecasting floods” in small -stream drainage areas. However, they are 
not essential. About 1917 the e writer was forecasting floods in the Miemi 
of Southwestern Ohio, where the most remote parts of the -water- 


iz shed were not more than a hundred miles from the Central Office. — Co- 
Operative "arrangements _were made the Bureau observers 


j 


‘telephone or telegraph during storm periods. The observers” were paid 
additional compensation « on the basis of the number of special ‘reports 

- submitted. _ Consequently, they watched their gages and made their reports | 
promptly. “The system worked so satisfactorily that accurate forecasts of 
heights could be issued well in advance of ‘the arrival of the crest 
‘ stages, not only for the principal cities of the Valley, but also for the | 


“Mr. Hayes died November 16,1986. 


Failure of Castlewood Rock-Fill Dam by E. Houk, Western Construction 
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various "construction activities which were being carried on by the Miami 


‘The real value of ‘installing recording rainfall and river gages in fore- 

casting systems for small drainage areas lies in the e satisfactory data they 

supply for subsequent detailed studies of hy drologic conditions. The fore- 
casters will want to make such studies after the floods have passed, when 
_ they have time to analyze all factors carefully. D During the occurrence of 

_- q the storm rainfall and the arrival of the flood stages they will be too busy 

4 to make detailed quantitative analyses of run-off phenomena. At such 


_ times, 1 the most important matter is to get the | necessary rainfall and ru run-— 


Off reports, promptly, so that forecasts can be quickly formulated and issued 
* time to be of value. Consequently, telephone, telegraph, or radio > trams 


Mee Hayes mentioned the desirability of conducting 
, the Eastern mountains. The methods to be used i in such surveys he 
4 % ably should be somewhat different — from those used in Western United 


spring ‘and "seasons. Probably of the 
water content of the snow at selected ‘stations throughout © the easten 
drainage areas will be more satisfactory for flood- forecasting work than 

the establishment of snow courses such as are used in the West. Meas- 
urements of the water content should also be made much more frequently 
JOHN Fen LD, M. Am. Soc. ‘thy letter) 
changes the plan of operating the U. S. Weather Bureau, 


late Mr. Hayes listed snow surveys as Requirement (ec). | ‘The method of 


making snow surveys proposed herein applies only to those areas where. the 
5 snow banks last well into the summer and where the ‘Spring floods come 
melting snows and are confined to the Rocky Mountain 
and the Wasatch and Coastal Ranges. Even limited to those areas snow 
water affects the territory from the 104th Meridian, about ‘the eastern a 
boundary of Montana, ‘Wyoming, Colorado, and New Mexico, to the F Pacific 
Ocean, and especially to those areas where irrigation is practical. 
‘In the building of the hydraulic-fill dam of the Terrace Reservoir, in 
= Alamosa River, in Southern Colorado, cover covering the years 1908 to 1912, : 
it was necessary to know the probable run-off of the river a week or more 
s in advance, to be able to estimate the probable peak flow from melting snow, 2 
and to know when the maximum had passed, because any quantity greater — vay 
than 1200 cu ft (the capacity of the outlet turned) must be stored or ia 
carried over the dam by flumes. By observi ing the snow banks, about 10 

miles distant, in the canyons and gulches, or in the high mountains of the 

 water-shed (10000 to 12000 ft above sea level), the writer found several 
“J that were indicative of the run-off to be expected in the days: pam 
following the observations. ‘The weather conditions, « of course, were taken 
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the melting and clear days it. 

At the | end of four years and with the records of the flow o of the river, : 

the writer felt he could | predict the season’s run- n-off quite ot tee 
the appearance of the snow banks in Maye 
‘Being called upon to estimate the probable supply for t City of 
Denver, Colo., in March, 1933, and the predictions later proving to. ae 
much in error, it occurred to the writer that a study each spring of the 


snow banks on the city water- r-shed would furnish a | , more reliable basis: for 
prediction than precipitation, snow surveys, and soil moisture records, 
which had been used in the 1933 estimates. 
+The Denver Board of Water Commissioners was induced to test the 
theory; it furnished telescopic lenses for the cameras and designated Harry 
. Potts, M. Am. Soc. C. E., to gather the data. A program was devised — 
(since much improved by Mr. Potts) fixing the points from which» 
: ~ graphs were to be taken, at least once each month, and then co- ordinated 
with stream flow and weather records. 
These records” are ire depended upon by the Board of W ater Commissioners 
of the City of Denver, in the operation . of the city system and — | 
in determining whether the City can safely sell stored water to proprietors 
a the irrigation « canals below, who are in great need of water in July and 
is the hope _of the writer that the current research will show t the 
method to both simple e and reliable and, supplemented by some some snow 
ievteemente, will be valuable to all who are concerned with water from 
the high mountain areas. It is his wish that some Federal Department 
will adopt ‘the method and that it will lead in time to 
. monthly of the probable run- -off on each steven, in a manner similar to the 


Trop reports now by the Government to the public. 


flood control, stream regulation, and water wtiiiantion as both national © and 
problems. It has long represented “ ‘a consummation devoutly to be 
wished ”, and earnestly so sought by leaders in the Engineering Profession, 
by far- sighted and progressive economists, legislators, and community of- | 
 ficials. Now that such generous provision has been made for flood 
control problems in several reg regions the United States, it is desirable 


_ to continue such activities until equitable distribution has been 


has long been advocated, although « occasionally challenged "those 
‘Teluctant to “fall into line,” that all storage development under intelligent — 


regulation. “Notable accorded in a recent paper 
‘be Erie Chester Hillman, with discussions, entitled ‘ “ The Effect of Flood 


Cons. and Hydr. Engr., SCS, Washington, 
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JACOBS ON FLOOD CONTROL, 


de to accelerate the flood Pacmag increase the flood peak below the om 
_ from which the floods have been excluded.” 


ee In the case of the Nottingham flood protection plan, the reduction o , 
000 acre- ft of flood-plain storage, due to new protecting | levees, 


of would retard and flood out 
~ Conversely, the Bon Accord Dam,** impounding 400 000 000 cu ft (9 
~ acre-ft) at full supply level, with a surface area of 614 acres and maximum ms 

_ storage depth of 45 ft : at the spillway level, reduced a maximum inflow a 
16 000 cu ft per sec to a regulated outflow not exceedingly 10 500 cu ft per oe 
see for the maximum 1 observed floc flood from 121 sq gra: including Pretoria, 

Bren if, in an extreme case, a reservoir may be full or nearly full to 
; spillway level at the arrival of a flood crest, there is generally considerable 3 


Regulation available due to storage capacity above the spillway crest, together 


back-water effects along contributing stream channels. Ordinarily, 


intelligent operation of storage reservoirs maximum 
regulation: during the critical seasons, and satisfactory flood routing 


= 


JosEPH M. Am. Soc. ©. E. (by letter).—Every member of 
the. 


Society who feels a concern in Federal flood- control activ ities and | 


policies must have read this highly informative Symposium, with great Be: 

a and appreciation. Because | of the persistent, and not infrequently 
unnecessary, encroachment the works of Man upon the flood planes 

of the rivers of the United States, and because of the increased property 

values attaching to urban, suburban, and rural developments along ite 

streams, floods are a steadily growing -menace and, year by ye year, are be- 


- coming a more serious economic problem both nationally and locally. | The 


_ writer has always felt a deep interest in the matter and, abstracting Targely - 
from material which, from time to time in the past, he has “prepared on 


- 1. the subject, he submits the following as an expression of his views con- a 


cerning a proper approach t to the problem of a permanent Federal: policy 
the discussion of flood control “there is frequent. reference to the 
so- called | 308 Reports, prepared under direction of the Corps of Engineers, 

S. Army, and it is not an ‘uncommon view, even engineers, that ‘ 

American Tivers and that ‘they, constitute an adequate basis foe the 

lation of a national flood-control policy. Commendable as was the under- 

Fournat, Inst. of Civ. Engrs., Vol. 2, 1935-36, p. 393. 


Relief Works on Flood Levels Below Such Works 
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Reports ¥ were by 
which they dealt; 
iW is particularly true as to flood control | which apparently received 7 less 
consideration than did the navigation, power, and irrigation phases of the 
oe reports. No one familiar with the matter, and least of all, the Army 
na ngineers, will contend that the > reports were in any se sense final. _ Neither | 
— funds nor - sufficient time was available to cover the country fully. 
Necessarily, there were many streams that must have been only cursorily 
investigated and many others, no doubt, that were not then, and have not 
yet been, investigated at all. It is s believed, too, that the 308 investigations 
were not directed toward the specific problem of a permanent Federal policy 
as to flood control but dealt rather with the engineering aspects of indi- — 
vidual projects. There is yet much important investigational work that 
- ought to be done before any final Federal policy should be formulated in 


During the next thirty probably as $2 000 000 000 


will be expended on flood- seo works and, unquestionably, a large part 
of this this expenditure will devolve ) upon t the , Federal Government. Certainly, 
an activity of that potential magnitude is worthy of most: careful 
consideration by the responsible agencies, in order that sound technical 
and legislative policies respecting it may be established and that a 
economy and facility in planning, in execution, and in final operation of 
the completed works, may be achieved. The evolvement of these governing 
Policies should be based upon definite knowledge of what the flood- control 
problem is. in all its major requirements and r fications, and 1 when the 
necessary surveys have been made and the 
should be interpreted, ‘in their ‘broad economic aspect, by | men technically 


me Congress, under the Commerce Clause of the Constitution, assumes juris- 
diction | over the navigable waters of United | States and generously 
provides: for navigation requirements. . To the extent that floods have 
affected nav igation the Government has regarded them as being “ affected — 
with Federal interest ” and made appropriations therefor on that 
: basis. As to floods on non- -navigable streams, these, in general, have been ore: 
regarded as lacking in “ Federal interest” and, therefore, have not been 
considered a matter of Federal concern or responsibility. The Federal 
Government seems now yes recognize ‘that it must retreat . from the negative i 
policy that heretofore has characterized its attitude toward flood — control ei 
and assume larger responsibility concerning it. This salutary change 
of attitude is manifest in the Flood Control Met of 1936 ar nd, although the a 
general flood- control measure of 1937 failed of final enactment, ‘the new | ( 
Federal purpose of a larger responsibility in flood- control matters w r 
manifest in that measure. The entire subject. of flood control is now in 
_ astate of flux, and it needs : sane guidance toward a policy not temporary 


or e phemeral, not based on but 


op 


ren 
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and because it is based u upon La thorough-g -going of all, 


> 

_ phases of the problem. No such thorough investigation has yet been made, ai) a It 
alld The chief significance of the Flood | Control Act of 1936 is not so much | a) 
in its detailed provisions, some of which deemed open ‘to question, 
in its project authorizations, but rather in the of a new pr 
Federal attitude toward flood control. » the writer's 8 feeling that som 
of the provisions of the Act are not well considered. It appears 
that the measure must have been rather hastily drawn, probably with 
— = greater consideration for for providing early unemployment relief than with mot al sh 
view to formulating a a definite, Federal flood-control ‘policy. ‘Those pro 
visions of the » the desirability of which the questions, 
(a) It the appropriation m of $310 00 000 ) 000 for he construc: 
a of a very large number of specifically designated projects. Iti is 

ously doubted whether there could have been sufficient investigation to ang a 


warrant a Congressional approval of the large number of projects involved 
in this authorization. . Presumably, projects are” subject to further 
investigation and presumably, to 00, for those ‘that are finally found to lack 
merit, the actual appropriation will not be made; but is such whee x 
approval in advance of final investigation a 
— (b) It provides that the local agency concerned shall, wee to 50% of the nt 
total project cost, furnish all required lands and rights of way. - ‘The usu ual : 


defense of this | provision is that it will result in lesser right- of- _way costs, 


_ but that need not be the case if the local agency is required to pay its full 
and fair share of all Project costs, whatever they may be. Rights of way 
constitute as legitimate a part. of as do its structural elements, 
and its cost should not be treated as a thing apart but should be included Pay 


other costs without distinction. inconsistency of the present 
provision is obvious | when « one realizes that right-of-way costs may easily 
Tange from practically nothing to more than one- half of the total project 6 


cost: and they cannot, by accident, a fair m measure 
that portion of the total cost that should be borne by “the agents 


tically none of the ost, and these facts should be recognized in making 
cost allocations. An instance is recalled of a $2 500 000 projected Federal — wee 
“institution whose location was largely predicated | on a free furnishing of te 
the land required for its accommodation, that could cost “scarcely 
_ more than 3% of the total project cost, and the communities of three States was 


major part of the total. cost and. others for which they should 


me; 


were asked to submit offers rs. How impractical and archaic it is to 
mine the location of an important Federal enterprise on such a basis! 48 : 


‘It is to be hoped that the Federal Government will avoid making such a aes 


procedure part: of its: flood-control policy. Ren pray > 4 
It provides that the local agencies shall hold t the United States 


free from» damages due to the construction “‘weilin and that they shell 4 
maintain and operate : all the works: after Why these 
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cat 
project is dominant, as might easily tee ona a navigable or if the 
ca project is of an interstate or international character, as some of them > 
will be, then it would seem most practical f for the Federal a 
= but this does not ‘necessarily mean that the ‘Federal Government — 
should bear all the costs of operation. Other conditions may clesiy 
indicate that operation should be by the local agency and a final flood- 
polar should ‘contemplate provide for these variable 


stated previously, the writer that there is much investigational 
yet to be done before a final flood- control policy should | fixed. 
i There are deficiencies in factual information | and there are differences in 
judgment as to the best Federal policy respecting flood control. These 
deficiencies: cannot be supplied, these differences cannot be composed, and 
the best final policy ‘eannot be determined, ‘without additional facts devel- 
- oped from actual further surveys and investigations. It is suggested, — 
‘- therefore, that the 1 Federal Government ought now to undertake a com- 
bs prehensive, nation- wide, flood-control survey and ‘investigation, and that 
Ei the formulation of a final flood-control policy should await the results of 
that investigation. Some of of the factual ‘material that such an in investiga- 
tion should provide, ‘and some | of ‘the « questions - it will have to deal with, 
broad -gage perspective of the 

“entire. ‘problem including, for all important _drainage basins and for the 
country as a whole, the extent of the flood menace, the “average annual 
losses due to floods, an outline of the character of corrective measures that 
an need to be applied, and something of an estimate as to the probable 
gross initial and gross annual cost of these corrective measures. ~~ 
(2) A careful assembly of all dependable data as to actual flood losses. 
The validity flood- control economics is so closely related to a “correct 
evaluation of this - factor that a - special effort should be made to secure 
$ authentic information concerning it. Many wholly unreliable estimates es of 
flood- control losses are extant, both above. and below their true value. 


(8) An appraisal of the causes of the present “unpreparedness for major 
a ii, To what extent is a deficiency of hydrologic data a contributing © 
- Cause and to what extent is there a failure adequately to heed the w warnings 
By afforded by t the data already available? To what extent is there unwarranted 
. encroachment, beyond real economic ‘requirements, on the natural flood 
planes of American rivers? what extent is there a lack of adequate 
both Federal and State, : and a lack of an adequate plan of 
to make possible the construction and 


ily be imposed upon the local ag 
eccms to the writer that the allocation o 7 | 
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What principles should govern in framing a 


law? Should such a law provide for, and require, the co- of 
agencies and an allocation of cost on the basis of _ benefits 


either a jur is, shor ald - it ‘not ‘ 
be sufficiently flexible to permit the construction — of works | for a restricted — 
area or for an entire drainage basin that may extend beyond the boundaries _ 


of a ‘single county or a a single State, or even beyond a_ | national 1 boundary as 


might be the case for international streams? 


— (5) What is | the best basis for a rational and equitable appraisal of © 


benefits to Federal and local resulting 


principles should control in determining this question? 
Should there be State legislation permitting a _requirement, 


‘State, that certain storage -eapacities be reserved for flood-control purposes 
in any new storage reservoirs that may be built, the extra expense entailed — sf } 
thereby to be borne by the beneficiaries 
— Doubtless there are other pertinent items that could be added but the i: 
foregoing list is sufficiently extensive to indicate that there is a consid- 
erable body of factual data and material to be acquired, and that the 
proposed comprehensive investigation is truly an important and necessary 
preliminary for | the best formulation of a final flood- control Policy. is 


mate $25 000 000 and that a ‘ns interval of five be 


for its completion. should be emphasized, however, that the prosecution 
of this work need not in any way embarrass or delay the construction of oe ae 
individual projects that may require earlier attention, but the legislation 


authorizing them should not be regarded as as representing any final F ederal 


Ww hat provision should be made for prosecuting the proposed investi- wt F 
gation? An interpretation of the data provided by the investigation, and = 
the translation of such data into a sound, Federal flood- control policy, will sie 


require not only a high o order of technical skill understanding but, 
equally s so, high rder of statesmanship. It is “suggested that ‘thet 
~ ereated a Federal Flood Control Commission whose duty it ‘shall be to to 
direct the investigation, and to render a report of ‘ite findings, ae ae 
‘shall include a specific ‘recommendation as to a ‘definite Federal” polly 
respecting flood control. The personnel of such a Commission should in- ae 
7 clude representatives of those few Federal agencies that now have a major Bia 


ex 
interest flood control, and should include men from the outsid do 
who, by training and experience, have special qualifications for such an ce 
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inquiry. ry. It is th the wr ter’s belief that such a comprehensive investigational q 
here proposed would, in material degree, receive the financial, 
co-operative aid of the States. oft 
—oW. M. Dawtey,** M. Am. Soo. C. E. (by letter).—Under the e heading, 
4p Projects in the Ohio » Basin,” Colonel . Covell refers to flood-stages in the 
-Qhio River that attained a gage height of 70 ft (prior to January, 1937), 
with | consequent damage due to the flooding of basements and lower 
4 n Indian | tradition of a much higher flood at 
= Cincinnati which, if repeated, would inundate the entire business section of - 
city, with consequent damages in (excess of those due to the 1 1937 
hh the fall of 1789, Gen. Josiah Harmar sent Maj. John Doughty with a 
body of troops, and discretionary power, to locate a fort in the Miami coun-— 
of try. As a result Fort Washington was built between Third and F ourth 
- Streets produced east of Eastern Row (later Broadway) in Cincinnati, Ohio. * 
Some friendly native Shawnee Indians advised against the location chosen > 
for the site for the fort, stating that it had been flooded by the Ohio River, 
and designated a point on the hillside to which the waters had risen, which 
‘point was at an elevation of 105 ft above the low-water mark. ob bawak 2h zie : 
be Since the Indians then were a migratory people, it is not probable that a 
knowledge ¢ of the location of this specific high- water mark would be handed | 
ee down for more than one or two generations, so this flood must have occurred — 


in the latter part of the Eighteenth Century, possibly coinciding with the 
high water referred to in the press comments on the 1936 flood in the 1 
"Allegheny River as being the highest of record, ‘except that of 1763. It oc- 
- eurred at a time when the entire drainage area was wooded and uncultivated. _ 
information was 1900 from the papers and 


R. G. Lewis, of Chillicothe, Ohio. The evidence is not 
at the moment available, but if it can be verified, it would seem that r regu- _~ 
latory measures now proposed would have to be 
Howarp M. Turner,*> M. Am. Soo. C. E. (by letter).— —A comprehensive 
— deseription and general discussion of the 1936 flood is presented in Mr. 
: Uhl’s admirable paper. The immediate cause of this great flood in 
of the New England States was the storm of March 17 to 19, the run- off i 
from which was superimposed on a very large underlying flow due to melt-— 
Ing snow and the run-off from | the previous storm of March 12 and 13. yu. ae 
consideration of this particular” storm and run-off is thus of interest in 
_ The writer questions whether the high rainfall in the second ‘storm — _ 
Deri’ 17 to 19) covered as large an area as is shown in Fig. 5. The — 


rainfall on the summit of Mt. Washington for these three days was 5 in. 


“Engr., Land and Tax Bote R., Cleveland, Ohio. bare 
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and not 8 to in such rainfall. as that in Fig. 5 would have 
pr produced very high flows in the streams draining M Mt. Washington | to the 
west. _ The flow of the “Ammonoosue River, however, was only 56% of that 
the The pattern of isohyetal lines was probably more like 
that shown even quite Pos 
‘sible that -in. rainfall may have covered only area, and 
the area covered by 8 in., given as 500 sq miles, may have been ‘only a frac. 
— of this, as indicated by the lower r rainfall at Randolph, N. oa It 
--would be of great value if a rain-gage at an altitude similar to that at 
_ Pinkham Notch could be established on the west side of the ri Washing: 
In Fig. showing the relation for several ‘great flood: 
‘Producing | storms in New England, the total rainfall for 13 days in the ; 
d to other storms of much shorter duration. 
- jieiie val storm n of March 17 to 19 by itself, it is interesting to note that 
a plotting of this 3-day storm on the rainfall-area relation chart shows its 
be much less than that of the other great storms. 
Figures of the total run-off for the entire two-week period of high water 
March 12 the enormous quantity of water 
that flowed down the rivers. The ‘Tun- -off of the concentrated flow during 
the second peak is also of interest. The writer has made an analysis of this < 
concentrated flood on certain rivers according to the method advanced in 
the report of the Committee on Floods of the Boston Society of Civil 
Engineers. This report presented the general theory that the length of 


the e base of the flood hydrograph at a given station for the run- -off of pe 
storm within the ‘ ‘concentration period ” for that station was was : constant > 

- _ regardless of the size of the flood, the peak flow thus being proportion): 
he the total flood run- off. Thus, each point on a river has its own flood te 4a 
4 —hydrograph curv curve which ‘is a measure of its flood characteristics. this: rs 


run- -off, thus giving a flood to a 1-in. run-¢ off from 
1 sq mile of drainage area. This “flood characteristic curve” is some- 
what similar to the “ distribution graphs” of the unit hydrograph method od 
of analysis: developed by ea Sherman,*? M. Am. Soc. ©. E., which « express 

_ the shape of the flood hydrograph above the base flow in terms of per 5 

centage of peak flood run-off, instead of in terms of flow for a 1-in. run- -off, ae 
and of the actual time instead of time reduced to a unit basis. The base 


Journal, Boston Soc. of Civ. Engrs., Vol. XVII, No. % September, 2.-:. Vie 


-@“ Stream Flow by the Unit Graph Method,” Engineering News-Record, Vol. 108, 
1932, p. 501; and “ Studies of Relations of Rainfall and Run-Off in the > United States,” 
‘Water ‘Supply Paper 772, U. 8. Geological Survey. 
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TURNER on FLOOD CONTROL 
is also differently, but in cases that the writer has” analyzed 
by both methods the difference is small, and the two curves are very similar. 
‘The writer has analyzed the 1936 flood on the Connecticut River, at 
a Sunderland, Mass. ., and on the Merrimac, at Lowell, , Mass., comparing it a 
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(a) HYDROGRAPHS OF 
VARIOUS FLOODS 


Dow Fic. 22. —Fi Loop HYDROGRAPHS, Connecticut River aT SUNDERLAND, MASS. 


shows the flood hydrographs of 1913, 1927, 
and 1933, on ‘the River, ‘at Sunderland (8 000 sq. 
that of 1936 at Montague | City, Mass. (7940 sq miles). Fig. 22(b) ba: cal 


. 3 same flood hydrographs. after deducting the base flow in each case. The 
: similarity” of the length of the base of the hydrograph for these different + 


There is some variation possible in the value taken for the flow. 
It has been assumed as constant: throughout the flood period and, in — . 


x equal to the flow existing before the flood rise began. 
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this is than the flow remaining at the of the flood period, at ou 


>. as the flood flow tends to diminish after the peak at a slower rate than it a Th 

5. increases to the peak. - In some eases, where the run- -off before the flood was PS pail 

larger than afterward, it has been taken at somewhat less as to include is 
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RIVERAT 
SUNDERLAND, MASS. 
(1936 AT MONTAGUE 
Gity, MASS) 
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i) MERRIMAC RIVER 
AT LOWELL, MASS. | 
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Flow, in Thousands of Cu Ft per Sec. * 


d run- A small | difference in ‘the e quantity of run 


of first flo that had off. This is true, a 
ii an examination of the hydrographs and of the rates of diminution — om, 


= snow on the ground ‘during the period between ‘the two storms seems g 
indicate that even if the storm of March 17 to 19 had not ‘occurred, the flow 


- prior to that storm would probably have continued high. In this “case it 


would seem to be immaterial just what made up this von flow, is 
about the same before and after the total flood period. 
_ From these “ flood run-off ” curves the flood characteristic curves shown 
Fig. 23(a) have been computed. ~The similarity of these curves for 
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4 
fl 1, to 3. TT in., is apparent. 
That for 1936 is potenar es affected by the additional run-off due to the _ 


painfall of March 21, which shows clearly on the flood hydrograph 


“tion, the < curve would show about the same peak as the curve for 1927. is: 
ee! The 1936 flood on the Connecticut River appears, therefore, as a strictly 
= run- -off due to the storm of March 17 to 19, 
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(b) HYDROGRAPHS 
OF FLOW ABOVE | 
THE BASE FLOW - 


Days Before and After the Peak 


24 Hyprocrarus OF MERRIMAC Riv RR, AT LOWELL, Mass. 


the consequent melting snow caused by it, superimposed on. a very large base 
) flow. The latter was probably largely melting snow although in part it was 
~ the remainder of the run-off from the previous storm. The flood run- -off, 
above the base flow greater than the previous record run-off 
at 1927 (3.31 in.), and this was added to a base run-off of 8.0 cu ft per sec 
sf per sq mile (equivalent to 0.3 in. of run-off per day). The « question of what 
‘is the total run-off including the base flow will depend on the period taken. 


seems to the -off in inches for the total, but 
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the base flow as a rate, continuing as it does before and after the, ead 


7 we Fig. 24(a) shows the same hydrographs of various floods at Lowell, a 
These hydrographs a are taken from those ; given by the Committee ‘on Floods eS 
_ of the Boston Society of Civil Engineers,®* to which has been added the 
; hydrograph of ~ 1936 flood. Fig. 24(b) shows these floods after deducting | 22 
the: base flows. On the Merrimac “River the flood run-off above. the 
> flow was greater than any previously recorded flood (1852) by 17%, and + 

greater than any previous recorded flood from storm within the 
concentration period (1896). Fig 28(b) shows the flood characteristic 


eurves also taken of the Committee on Floods of the 


4 Boston Society of Civil Engineers, re-arranged dad that the pesks come at ee 
the same time and with the 1936 flood added. 

a q _ Except for the flood characteristic curve of 1852, which apparently shows — 
the effect of a storm considerably longer than n the concentration period, the a 
7 same e similarity exists : and the flood of 1936 presents the same characteristic, — eo 

In this case a flood run-off of 4.26 in., in itself much greater than a a 
recorded previous" flood, » was superimposed on th the high base of 10.8 | cu 3 
see per sq equivalent to 0.4 in. per day of run-off. 


me 


in rainfall this was generally due ‘to two storm of three 
*4 days (March 17 to 19) was longer than the | concentration period of many 


sq of the smaller streams; and, second, the base flow w was a small part | of what 


>a may be expected for a flood on a small stream; 8 to 10 cu ft per sec per a 
' mile is not a large flow for a small stream, but on the larger rivers it is * 
in itself of flood magnitude. he base flow of the Connecticut River, at 


Sunderland (63 000 cu ft per sec) was larger ‘than 27% % of the annual 24hr 


flood flows in the | last | 55 yr. 


With» a base flow of flood ‘magnitude and a superimposed flood run- ff 


greater than any on record, it is no wonder that the 1936 flood 


previous by large quantiti es on many New England rivers. 
Poweut, 70 M. Am. Soc. C. letter). is scarcely 

af jen to exaggerate the value of this Sy mposium. - Between the time the ce 

i papers were presented orally (October, 1936) and their appearance in Pro- =a 


evedings (March, 1937) another flood occurred the Lower Ohio 


in most respects more serious than any described in the Symposium. There- 
4 d fore, some of t the statements in the ‘Symposium were already “out of date” Wy 
when printed, but the importance of the ‘subject v ‘was ‘still further empha- = 
. a sized. The fact that it is now a national problem is clear from the word: 


the Flood Control Actof 1006. ob 
| Journal, Boston Soc. of Civ. Engrs., Vol. XVII, No. 7, September, 1930, Fig. _ 


7 Assoc. Prof. of Mechanics, Ohio State Univ., Columbus, Ohio ; formerly, Hydr. Engr., 
Muskingum Ww javerened Conservancy Dist., New Philadelphia, Ohi 
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One minor might be offered to Mr. valu rable paper. 
Under the heading, “ Engineering “Aspects,” he states that three of -_ a 
Muskingum reservoirs are automatic retention basins. Probably the three 
reservoirs,” but the are e gate- -controlled. Of 
gates open, the reservoirs would still give volume of automatic 


-_ as it appears that the wale capacity of the channel ae stream rt 


The Pleasant Hill Reservoir automatic outlet an 


a intake tower), but it is not a simple retention basin, as it has 13 500 acre- ft 
of permanent storage that can be released through two 3.5 by 7-ft sluice- — 

i gates. Since these gates are normally under a head of about 45 ft, they — 

- could, if it were desired, afford an appreciable controlled discharge in addi-— 
tion to the automatic discharge through the orifices. The original plans 

called for gates in the orifices also, but this was ruled out by the consulting 

board as ‘more’ complication in an already complicated design, 


the plotting ‘of discharge per square mile against drainage area (as 
in Fig. 3, presented by Mr. Uhl, and in Fig. 13, presented by Messrs. Harring- a," 
ton and Johnston) there is no end, and the graphs are ee. 

_ The latest to come to the writer’s attention is by Victor H. Cochrane," 

—M. Am. Soe. OC. E. it would seem to the writer, however, that they would 
be much more valuable if the data were limited to the maximum annual 
floods over the entire period of record of a large number of streams. Then | 
a line or a ‘smooth curve ¥ which had 1% of the Points outside it might be 
thought of representing a 100- -yr probability ; one with 5% of the points” 
outside it, a 20-yr probability ; It must be remembered, how- 


that drainage area is “only one the factors: determining probable 


peak “discharge. ge. The arrangement o of tributaries, whether fan- an nd 


‘converging on the point considered, as at Pittsburgh, Pa., and Dayton, Ohio, 


or with various concentration periods, as in ¢ the ‘Mississippi River at New | 


Orleans, La., plays an extremely important pa part. As C. R. Pettis, M. Am. m. 

Soe. C. E., has shown,”? the average width of the drainage area is probably — 

: | better r criterion than the total area, and a plotting of peak flow against 4 


“average width ‘might be e the best way to represent the data. 


te a spite of its “obviousness, furthermore, attention should be called to 


the fact that it ‘is only in the design ‘of channel improvements, levees, — 
7 _ bridge openings, ete., that the unmodified peak flow is important. If the 


Engineering News-Record, November 25, 1937, p. 867. = = | 


Floods in the United States 8. Geological Survey, Water Supply Pap 


With the -navigable streams that discharge 
‘ey directly into the ocean or into the Great Lakes, the control of floods on © — ~~ 
bis any stream in the United States is now “a proper activity of the Federal — a q 2 
s || Government in co-operation with States, their political subdivisions, and = 
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erred in their ‘treatment of the effects of The rur run- -off ‘from light 
and medium rains is greatly affected by the cover, and a good forest ' should 4 
definitely reduce the average annual flood. For the great floods upon which a 
the design of adequate flood control must be based, however, it is doubtful — 1 ae 
whether the retention would be a large enough part of the entire precipita. _ 
tion to affect greatly the design. For example, the January, 1937, flood at i - 
Louisville, Ky., would probably have been almost as great if the same rain- ; 
fall had fallen 200 yr earlier. Certainly accurate quantitative data on the 


subject are greatly t to be desired. 


cond 


“nology, at Pittsburgh, the writer is in accord. have felt that 
_ the Burns-Harkness-McCarthy method is a catlellantaty: solution of the prob- 
lem, but the writer’s experience is that the Tatio of storage increment to 
the corresponding ¥ weighted flow increment is / not t the same for g great floods a 
as it is for medium-sized floods, and that it is not the same for winter rd 
floods as for summer floods. De be able to compute the effect at all points — 
down stream, mn, of storing or discharging at given rates from each r reservoir, a 
—— necessary for flood forecasting as well as for the design of control a 
flood « control engineers. an Fortunately, sufficiently ‘complicated systems are 
- now in existence on such rivers as the Tennessee and Muskingum, to try 
by full- scale experiment with small floods, any theory or method of 


FRANKLIN F. SNYDER, 7 Jun. Am. Soc. C. E. (by letter). —In the part 


ES 


Flow, in Thousands of Cubic Feet per Second 


their paper discussing the U. S. Weather Bureau relation to the 1936 flood at 
Pittsburgh, ‘Messrs. Morse and Thomas compare & stage prediction made de at 
= 8:00 A.M. on March 17, 1936, for the forenoon of March 18, with the observed be, a 
stage at 8:00 A.M., March 18, and arrive at an error of 10 ft. From the data oe ae 
available it appears the forecast made on 8: :00 A: M., March 17, was a i 
4 not more than 3 ft in error. The aforementioned type of comparieon and con- 
clusion is often made and illustrates the care that must be taken to make clear ae 


4 the basis for any particular forecast. Studies for the improvement of existing ce rst 
flood forecasting methods, made co-operatively by the Pennsylvania Depart- 
ment of Forests and Waters, the U. S. Weather Bureau, and the U. 8. Geological a 


Survey, were begun in 1937, and, in this connection, some interesting aspects of © 4 
the 1936 flood at Pittsburgh, have been developed.’ 
Procedures of river forecasting on head-water areas are based on data ac- 1 i 


only a short time before the forecast is released. Progress is being 
%Hydr. Engr., Dept. of Forests and Waters, Commonwealth of Pennsylvania, Harris 


— 
— flow is to be controlled by reservoirs, the essential item is the volume of ma 
the entire flood hydrograph. Fortunately this can be estimated much more cat 
‘than ‘the peak flow, since for safety it must be taken as equal me 
or nearly equal to, the entire rainfall over the drainage area; and the gto 
on rainfall are much more extensive than those on run-off. > 
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made in weather forecasting, , and ‘particularly i in air-mass veel which indi- 
cates possibilities of forecasting rainfall quantitatively, but, until such develop- 
ments reach a state of practical application, forecasts, as ienned, must be under- : 
stood to apply to flow from rain already fallen. ETE 
‘The interval between the time of critical rainfall and that i in which the re- 
sulting flood e¢: can be identified in the principal channel system is appreciable in 
i most cases. The unit graph procedure provides an opportunity to demonstrate 

pee In analyzing the March, 1936, flood at Pittsburgh, the Allegheny River was 
studied at Dam No. 3 (drainage area, 11 530 sq miles) which is 14.5 miles up > 
_ stream from the junction. On the e Monongahela River, Dam No. 2 (drainage — 
Pa area, 7 340 | sq miles), 11.2 miles up p stream from the junction, was used. | The 
surface run-off hydrographs were computed at these two stations and added to 
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(a) AVERAGE 
PRECIPITATION 


_ 


_ Nineteen selected precipitation stations were used on the delle Basin. > a 
_ They gave an average depth of 3.94 in. of precipitation for the period, March 
16419, 1936, of which the last 0.63 in. was classified as snow and was eliminated f ; 
ftom the study for the period after 7:00 A.M. on March 18. The unit graphs . 
= were designed for 6-hr rainfall data, the basin precipitation being divided _ 


into 6-hr intervals according to the ‘Precipitation recorded automatically at the 


aa - Snowfall equivalent to 0.50 in. of water was added and assumed to melt i in i a ae. 


‘Proportion to the precipitation for lack of a better method. This gave 3.81 in. = bj 


od water depth to be accounted for and, with an initial loss of 0.25 in. deducted 
from the rainfall of the first period, left 3.56 in. The estimated volume of sur- 
a face run-off was: 1. 95 i in. , giving a surface Tun-off factor of 54.8 per cent. b This — 
factor is n al l h 
a actor is not a real one since on y enoug run-off occurred from the precipitation — 
p above Franklin, Pa. (mostly melted snow) to maintain a recession flow of * 
i 42 000 cu ft per sec from the — rise to oe a — of = 000 at midnight, 
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LOOD CONTROL 

Mt Another way to express the run- off factor, more in accord with the actual 


conditions (that is, the area above Franklin eliminated), is based upon a depth — 
f precipitation plus water equivalent of snow of 5.00 in., with a Surface Tun-off | 


TABLE 1 AND Row: Orr I Dara, IN 


 Mareh 16 


March 17 


Allegheny Basin: 
Piney 
& Basin precipitation . 
 Tnitial 
Run-off 
Monongehela Basin: 
Pittsburgh precipitation. 
Elkins precipitation 
Average precipitation 
Basin 
Initial loss. 


Run-off. 


7 3 be found for this illustration that either procedure wil give about the same 


4 result, the controlling factor being the 6-hr distribution of a as established 


(TABLE 15.—Srx- 
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owev er, ined are those feat the entire 
area, the unit graph on is that designed for conditions prevailing when the | 
greater run-off comes from the lower | basin. 
‘Twenty-five precipitation stations | were used on the Monongahela Basin : and, 
for the period, March 16-19, 1936, gave an average of 3.54 in. +» of which the last ean 
0.47 in. was ¢ — 
17-1 18. The v Ww aren content of melting sr snow W was assumed at 0.50 in. a With an 5 
- jnitial loss of 0.16 in., the remaining 3.41 in., together with a surface run- -off fac- 
tor of 80.5%, provided the desired volume of 2.75 in. of surface run-off. The | 
_ precipitation period was divided into 6-hr intervals according to the average of 
_ the recorded rainfall records of the U.S. Weather Bureau stations at Pittsburgh, - 
; and at Elkins, W. Va., as shown in Table 14. _ The unit graph applied was an 
designed for use with a fairly uniform distribution of run-off. 
Six-hour ordinates of the unit graphs and their distribution 
- graphs are given in Table 15. The first value is to be plotted at the middle of _ 
the first 6-hr run-off period and the successive values at 6-hr intervals. 
No: time correction was applied to the computed surface run-off dataforthe 
7 time lag between Dam No. 2 and Dam No. 3 and Pittsburgh. The actual 
‘i Pittsburgh hydrograph is also shown, and is based on a Pittsburgh rating ob- — 
tained by gage relations from the U. 8. Geological Survey Station at — 


a ‘The foregoing example i is presented to illustrate the situation that must be 
taken care of when forecasts are to be issued at regular intervals. “Certainly 


fa this must be done on head-water areas where, if the forecast were delayed until | 
the cessation of rainfall, the opportunity for preparation | would be largely lost. = a 
The illustration is not intended as a demonstration of the unit graph procedure 
re nor as a justification or criticism of any actual forecasts. A considerable part : 
_ of the study | was prepared by R. J. MacConnell, of the Pennsylvania eae’ 2 


MA Am. Soc. C. E. (by letter).—To hid many engineers 


who have contributed discussion to his paper, the writer is indebted. Mr. 2 = 

_ Williams’ discussion of the basis for computing flood damages, which he illus- 
a trates by reference to the Winooski River, is helpful. The writer agrees with | : 
Mr. Williams that the humanitarian aspect of flood control should not be a 


stressed to the point of causing a ‘community to assume a burden n which threatens 
By his account of the flood at Lowell, Mass. » Mr. Safford has described the 
3 effect of the greatest flood on record on one of the old water- -pow er cities of New 
~ England. _ ‘The damage that occurred, and the problem of flood control as it 
P affects Lowell is probably typical of the situation in New England cities essituated — = 
on the larger rivers. In his study of flood frequency on the Lower Connecticut — 
ix - River, Professor Barrows has made use of one of the longest records of rll 
i. stages in the United States—that of the Connecticut River, at Hartford, Conn. 
7 ‘The fact that he has developed two extension curves from these data illustrates 
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the difficulty of f establishing a: an n accurate basis f for or coskputing the frequency . 
_ Mr. Bush questions whether it is possible to operate reservoirs, built for the a 
dual purpose of power storage and flood control, in such a way that the flood. 
“control aspect will be fully safeguarded. _ In such a dual- purpose reservoir, un : 
questionably some of the effectiveness of a given reservoir for power-storage 

purposes will have to be sacrificed to the requirements of flood control. In owl 
England, at the present time, there are several instances of power-storage reser- v 

_ voirs subject to regulations dictated by the recreational uses of the reservoir, 
which impair their effectiveness as power-storage reservoirs; for instance, the 


- operation of Lake Winnepesaukee is subject to State regulations which limit _ 
the draft during the summer months. _ It is a fact that the recreational uses of 2 
these reservoirs have been safeguarded | by these regulations. _ Therefore, it” 
“seems reasonable to suppose that, in the case of reservoirs built for the dual oe 

_ of power storage and flood control, it would be possible to control the ie 

‘regulations Which w would safeguard the requirements of flood control. 

: rg ‘The writer agrees s with Mr. Turner that the isohyetal lines of very high rain- _ 

-falli in the second storm, as shown in Fig. 5, probably did not extend as far west 

as isshown. . An exact determination of the area covered by the 10-i -in. and - 
~ -in. rainfall is an interesting g subject of speculation, but there are not sufficient ey 
_ data available to arrive at a definite answer to the problem. Mr. Turner’s 

study of the major peak of the 1936 flood on the Connecticut and Merrimac 
Rivers is a valuable contribution to the subject of New England floods. 
- =f _ The writer wishes to point out that his paper was written yayor the work of Nei 


Asa ‘result, many of the figures given in the of 1936 
_ peak discharges, are subject to change. In general, the changes are so small i 
that it seems unnecessary to revise the original data. . The 


available in some of the more recent papers on this subject.” 


ARTHUR W. Harrinaron, 76M. Au. Soc. C. E., AND JOHNSON,” 
Assoc. } Am. Soc. E. (by letter) — —Since ‘the presentation of the writers’ 
_ ‘paper, the U.S. Geological Survey has completed a number of papers and reports 
_ pertinent to the subject of this paper. One series, of three parts, concerns “The 
*F loods of March, 1936.” we, In these volumes are presented records of stage 
and discharge at river-measurement stations, contents of storage 


peak discharges and stages with comparative data for other floods, crest stages, age 


precipitation, the depth and water content o of snow on the ground, the results 


of studies of rainfall and run- -off, and m many y other kinds of flood information. 
The writers are grateful to Mr. Hendricks for his discussion of the floods — 

of 1935 and 1936, with special reference to their occurrence and relation to 

previous floods in the basins of the Mohawk and Oswego Rivers. 


™ See, especially, “The Floods of March, 1936, Part I, New ‘Magiané Rivers,” Water ey: e 

Supply Paper 798, U. 8. Geological Survey. Bleed 
Dist, Engr., ‘Uz S. Geological Survey, Albany, N. i 


art 2, Hu 
“Part 2, Hudson 
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River to Susquehanna River Region,” Water Supply Paper No. 799; and 


BERNARD oN FLOOD CONTROL 


_ Professor Powell has a very i interesting idea of plotting drainage area against 
the discharge per square mile for the maximum annual floods over the entire © 
period of record of a large number of streams and representing the 100-yr | prob- ig 
ability by a line or smooth curve which would have 1% of the points outside it; _ 
e the 20-yr probability by the line with 5% of the points outside it, ete . How 
ever, some difficulties might be encountered in establishing a criterion by which - “di 
to judge the distribution of the points along the line and thus determine the ~ 


4 slope of the line. If some reasonable criterion was not used it would be easily 
_ possible to produce an absurd interpretation that would show increases in unit 
a discharges with increases in drainage areas which, of course, is generally not 
true. ‘Iti is the writers’ belief that, ‘if, before plotting, the discharges per square = 
- mile were corrected for channel storage (thus representing the unitrateofrun-off 
into the channel rather than the unit rate of run-off in the channel past the - 
measuring point) the resulting chart would represent more nearly unit rates of | 
run-off which might be expected to occur in ‘streams in the same locality but 
with perhaps much less channel storage, 
om It appears that there is unanimity of opinion among engineers and othersas 
to the need for the development of a national flood-protection policy and that — 
( — one of the essentials for the evolution of such a policy is the availability of the 
hydrologic data which are so basic and fundamental in any study a and i inves- 
tigation of the control of water. Including the aforementioned ser series, oy Be 
U.S. Geological Survey has prepared reports on ten notable and outstanding - | 
floods which have occurred since 1934. These reports’? were planned as an y 
ie ‘effort to present such basic hydrologic data (especially that of precipitation 2 and A ( 
stream flow) as were available at the time of publication. 


BERNARD, Soc. C. E. (by letter). — —It is 


report that field headquarters for five of the hydrologic regions planned by Mr. 
‘Hayes es were established early in 1938. Other gains in expanding and strength- 

ening the service have been made, one of the most important being a co-opera- 

_tive program between the Commonwealth of Pennsylvania, through its Water — 


and Power Resources Board, the U.S. Weather Bureau, and the U.S. Geological oy 


Survey. co-operative project is providing the means to establish a 
modern forecasting service on the. Allegheny, } Monongahela, Susquehanna, and 


Modern methods of estimating stream flow from rs rainfall extend the panalysis 


into the relatively small water-sheds co comprising the river basin. procedure 
involves short concentration periods, and rainfall rates of short duration and ne 
2 - high j intensity. _ Obviously, rainfall r ates recorded as averages for 24 hr es cannot 


4 dee Flood in the La Canada Valley, California, January 1, 1934,” Water Supply a 
Ft: No. 7196— C; “Flood on Republican and Kansas Rivers, og and June, 1935,” Water Supply — 
4 Paper No. ”796- B; “The New York State Flood of July, 1935," Water Supply Paper No. 

; “ Major Texas Floods of 1935, Water Supply Paper No. 196-G (ineludes the floods 
of May, June, and December) ; “‘ Major Texas Floods of 1936,” Water Supply Paper No. 
816 (includes the floods of June, July, and September) ; “ The Ohio- are ppi Floods a Ni 
February, 1937"; and Major New Mexico Floods of 1937. 
® Mr. Hayes died on November 16, 1936. This closing discussion o his paper was pre- 
- pared by Merrill Bernard, M. Am. Soc. C. E., who succeeded Mr. Hayes as Chf. of the im. 
and Flood Div., U. S. Weather Bureau, Washington, D. C., on March 5, 1937. 
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ON FLOOD CONTROL 


periods of 2 to 
program has been ‘to establish, over the river basins comprising the project, “i 4 
of approximately 130 recording rain-gages having an average: density 


These poise rainfall stations have been classified as: (1) Those that a1 are a 4 


‘as reporting rainfall stations ‘under the established forecasting procedure, 
Stations i in the first ; group have been located so as to. give proper weight to i 
_ geographic position in the net, area representation, elevation, and aspect, 2 
without | depending upon local attendance. Those in the second ‘group have — 
been located at strategic ¢ points w where qualified 24- br attendance is available a 
ae Practically all the rainfall stations are accessible over paved highways an and ie 
have been located on three circuits over which experienced hydrologic engineers _ 
~ travel on schedule. _ These engineers are charged with the duties of servicing 
the gages, assembling the charts, and tabulating the data for immediate use. * 
_ During the winter months they will conduct snow surveys and keep themselves 
informed of day-by-day changes in run-off conditions, 


In the at the forecasting centers will be 


lag (a) A day- by- day estimate of ‘run-off potentialities based u upon the ee 


| — charge from index water-sheds, the estimate to include the possible contribution ‘* a 
to run-off from an existing snow mantle; 


(b) A day- by-day. check on storm ‘approach, utilizing the general 
servi ice of the Weather Bureau, and particularly the weather maps prepared = 
frequent intervals at the aerological stations; 
y (¢) ‘With the beginning of a critical storm period, the reception of hourly g 


(or other-period) rainfall by telephone and telegraph, or by amateur and x 


automatic radio broadcasting; 
The preparation of an isohyetal | map for each period showing the 


progressive accumulation of rainfall depth over the basin; 


‘The conversion rates of stream to river at down 
stream for which a forecasting service is rendered; and, 
As quickly as rainfall has ceased, the prompt announceme nt, through 

channels, of flood-peak stage. and the hour of the arrival of the 

Mr. Snyder has given an interesting picture of the March, 1936, flood at 

oa Pittsburgh, Pa., based upon a critical review of the meager data available and o- 

_ application of the unit graph method of estimating stream flow. = = = 
‘The unit hydrograph is found to be an excellent tool for forecasting, as his 
discussion indicates. are made available through the newly estab- 
+ lished network of recording rainfall gages, refinements i in the method and time- 


saving devices i in procedure can be expected to to develop. study constitutes 
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cane seems appropriate to comment upon the courage which it must have 4 

- taken to issue an unprecedented forecast based upon the most meager d. data, and at 

dependent upon a method in which judgment gained from personal ex experience = 

bing _ Mr. Scobey has called attention to the important place snow rfall has in — - 

pases of floods, particularly on Western streams where flow is comprised 


ty In the mountainous States of of the West forecasts of the seasonal pe of jul 


action with a flexible shield, and the of the ga gage 
7 ab The snow course lends a real significance to the record by virtue of its length. 
ikewse, the snowfall stations of the Bureau will utilize sampling “areas, ¢ care- 
fully selected as typical, upon which are placed batteries of storage snow gages, 7 
ig the average record of the group being considered applicable to the part of the — 
ban represented by the snowfall station. The average water depth for the — 
group (usually five gages) is determined by the simple expedient of of | weighing, - 
under which procedure the increment in weight between -weighings 


gages herve been at “twenty stations having elevations greater than 


following advantages over: other of determining the wat water equivalent 
of snowfall under ‘Western conditions: (1) They measure snow as it falls and 
before it is subjected to prolonged wind action; (2) they secure the record 7 
4 against loss through poor attendance or failure to reach the station before ; a 
fs critical period of melting; (3) they function at all elevations, including the 
a transition zone from snowfall to rainfall; (4) they are inexpensive to install |and 
7 require a minimum of attendance; (5) they are not dependent. upon tree shelter 
for stability of record; and (6) precipitation in the form of snow can be recorded 
daily precipitation t through tl the simple procedure | of daily weighing. 
ie One hesitates to take up the gauntlet i in Mr. Meursinge’ 8 good- humored jibe 
: at American engineers for their temerity in attempting to determine possible 
maximum run-off of the Ohio and Mississippi Rivers. Such optimism has 
os evidenced itself in the newly established hydro-meteorological studies of the _ a 
— eather Bureau set up co- operatively with the U. S. Corps of Engineers. The LF 
r study 1 undertakes to provide the meteorological and hydrological background 
x _ of the great storms of record and the justification for their transposition to" : 
_ basins other than those embraced actually by the critical storm area, - 


Mr. Houk has sensed the weakness in any head-water forecasting service | 


to meet the around the | highly intense type of 


BERNARD ON FLOOD CONTROL 717 
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‘ad — 
1 - need for.a quantitative forecast—that is, a forecast in terms of the hydrograph > il 
ee abe flow—has stimulated an interest in the Weather Bureau’s investigations of —_— 
snowfall gages, the most promising type being one in which the snow is melted 
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storm which can develop locally and may be associated with : & period of 
_ ‘Two circumstances may mitigate toward a practical solution of such fore. 


4 


(a) Pleas 3 for an Expanded Network of Recording and Reporting Rainfall 


s.—The density of the co- operative network it in Pennsylvania i is approxi- 
tely 1 gage to 400 7. miles. Recent e: estimates for networks on ceaead areas 


The Rapid of the Network of Acrologicat Stations of the oe: 
| Weather Bureau.—These stations, located at the active airports of the United 
States, s serve aviation and issue a weather map at 6-hr intervals ‘om tran 
signals which include the results of upper-air Sou 2 


flood forecasting service of the Weather Bureau. te 
_Head-water ‘flood- -warning services are being inaugurated (1938) by the 
aomaa in co-operation with the Cities of Cumberland, Md.; Johnstown, Pa.; x 

and Elkins, W. Va. In these instances no immediate attempt is being m made 4 

o forecast flood stages, but a carefully organized warning service is intended — N 
_ which will utilize municipal departments, railroad and utility company com- 
a munlontion facilities, and the services of Municipal officials and employees 


snow work of the Weather Bureau has been commented upon 


in the discussion by Mr. Scobey. Mr. Field has emphasized the need for quan- — 
titative forecasts of run- off from melting snow. ‘Under conditions i in the Central 
RAL 
and Eastern States, where periodic ‘melting may ‘eames the snow mantle several 
times during the winter months, it is necessary to know, day by day, the poten- 
tial run-off i ims an n existing snow cover, and a an adequate forecasting system must 
provide for the measurement of the factors that may ‘combine to release such 
run-off. Under Western conditions, where there is no appreciable loss through 
the winter, the problem of quantitative forecasting will be largely that of 
_ measuring factors, such as temperature, _ concurrent rainfall, and ground surface ‘ni 
conditions, as well as snowfall measurements at a sufficient number of points - yess 
‘in a basin to give dimensional significance to the average depth of snow and ae 


- ater equivalent. The gathering of such data involves remote observational 
<4 


points at high elevations where attendance is difficult or impossible and em- f 
_ phasizes the obvious need for automatic recording seasonal snow gages. = 
The greatest obstacles to be overcome i in the re- -organization and expansion — 
of the Bureau’s river and flood forecasting. service is a general lack of under- Cas : 
- standing of its functions, , inadequate financing, and the difficulties of adjusting ie 
cost tol benefit. Ma The responsibility a as wells as the of a a flood- koe 


“sibility is accompanied by marked ebangee in in flood control, 
levee systems only g give way to reservoirs end 
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practices over large areas. Likewise, methods of river forecasting 


a to take into account the many factors influencing smaller stre stream flow, 
the principal one of which i is rainfall. 
= On the larger river systems the objective for the service is an inteanitel a 
- forecast: from head-waters to outlet. This is best understood by conceiving 

the principal channel of the river as divided into reaches of known channel 


storage. It can be stated, then, that the discharge from the lower end of any 
" reach wert eee a fixed interval of time is equal to the discharge into o the fing 


The travel of the flood wave through 


nt. This takes the form of a progressive dis- 
in the shape of the ‘storage prism throughout length and through time, 
a under fixed conditions of inflow and outflow, may prove to be fairly 


Missiasippi must begin at the head- waters, and on all important tributaries — ar 
a simultaneously, and must provide the means of transmitting hydrologic data __ _ 


and estimates of flow progressively | down stream to the important forecasting = 
The average annual flood loss to the nation as s reported to the Weather 
Bureau is about $100 000 000. It is believed that this sum can be e reduced 
ma materially by i increasing the period of the forecast so that greater opportunity _ 
is provided for the removal of perishable goods and property and for the , 
“evacuation and protection of areas doomed to inundation by the oncoming — 


flood. The cost of providing the additional preparation oppo rtunity will prove 


‘The answer to the problem of minimizing national flood hazard does not — gj 


lie in the permanent evacuation of the flood plains of the great rivers. Man has 
profited greatly by utilizing these fertile lands during such time as the rivers — 


however, pay a rental for his occupancy, ‘either i in the continuing cost of 
protection works or in the periodic repair of flood damage. This cost could be — 
and, in many cases, nearly eliminated through a & program 


of as in the coveral al Buropean countries 


the immunity now enjoyed from the catastrophic conflagrations that 
ie all too frequently through the past half century, so should a modernized sade san i 
forecasting service pave the way to more and intelligent u Se 
valleys of the 
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aad -Turbid water carrying a considerable load of fine silt was discharged — 
_ from Lake Mead, above Boulder Dam, in Arizona and Nevada, at ‘three 
different periods during 1935 when the reservoir was ,70 to 90 miles long 
and contained from 4 000 000 to 5000000 acre-ft of water. _ Apparently, 
flowed through the reservoir essentially unmixed. Chemical analyses of the 
a water entering into, and ‘discharged from, the reservoir corroborate the con- 
clusions drawn from the e observations of silt as to the occasional discharge of 
-% essentially unmixed water. The phenomenon is ascribed to the greater specific. 
«gravity the incoming water relative to the generally clear water at the 
-__- surface of the lake, due probably, in part, to its silt load. A practical s sig- - 
_ nificance is suggested with respect to the possibility of increasing the passage — 
of fine silt through a reservoir, _ thereby prolonging its effective life. ‘Refer- 
ences are made to other known occurrences of similar phenomena 


apparent resistance water to. mixing, under certain conditions, 


a matter of common knowledge based on many "observations, A river hav- 
ing water of one color receives a tributary having water of another color, — 


Te NoTe.—By decision of February 1, 1936, by the Board on Geographical Names, the — 
” reservoir formed by Boulder Dam on Colorado River in Arizona and Nevada, was named | 

Lake Mead, in honor of the late eg Mead, M. Am. Soc. C. E. This paper is pub 

lished by permission of the Director, U. S. Geological Survey. The paper was published 

Chf. Hydr. Engr., U. S. Geological Survey, Washington, 

8. Geological ‘Survey, ‘Washingtes, D. Cc. 
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much 1 mixing. Gulf Stream flows for hundreds of 
ty ; the Atlantic Ocean and retains such definiteness of boundaries (identified = 
Re! by color, temperature, and organic matter), that a ship’ 8 how may - 4 
situated within, and its stern outside, the stream. late J J ohn RE 

Past- President and Hon. M. Am. Soc. C. 

be seen as the current cascades to “considerable depths practically 

fe unmixed with the clear lake waters through which it is falling. is The foe 
of one water through, or by the side of, rapid 
BF “might be illustrated by many examples. ani 
LY is one type of the failure of water to mix which has not ~_ 
80 commonly observed and has not been adequately recorded in een 
literature, but which may | be of great interest and perhaps practical value 
— to engineers. This” type relates to the flow of turbid water through a af 
reservoir of great length and its discharge at the dam with its conspicuous — 
characteristics unchanged. Obviously, as the discharge of turbid water from 
a reservoir does not occur at all times when such water is flowing into it, | 
mie must be certain conditions of the inflowing water related to its specific 
gravity, viscosity, temperature, size, and degree o of dispersion of the 
particles (or other physical qualities and combinations of them), eas are 4 
erequisite to such discharge. Although such discharges have | been 
tioned occasionally in engineering literature, the conditions under which 
_ they occur have not, as far as the writers are informed, been thoroughly 
described or studied. Mr. H. F. Robinson* quotes a report made in 1914 
Rollin Ritter, Assoc. M. Am. Soe. ©. E, , that “the silt-laden waters, being 
heavier than the clear, oftimes appeared at the tunnel outlet when the See cy, 
reservoir surface was clear and a small or moderate flood was entering 
4 the reservoir.” i Such a flow of turbid water through a long ‘reservoir has — 
been observed at Lake Murray, about 80 miles long, on the Saluda River, 
in South Carolina. Lawson,” M. Am. Soe. C. E., has mentioned the 
‘discharge of silt through ‘the gates of Elephant Butte Dam on the Rio 
Grande, in New Mexico. Mr. L. R. Fiock* states that flows of turbid water \ 
from the Elephant Butte Reservoir, the head of which has been 30 to 40 
miles above the dam, have occurred in Tyr out of 20 yr of its operation. 
a The movement of turbid water through the lake formed by Boulder Dam site ees 
Measurements by Mr. H. ‘M. Fakin, of the sc sediments in 
” reservoirs, appear to indicate similar flows of unmixed waters through | reser- 


of various lengths and characteristics. He reports that his measure 
me 


nts disclose two types of deposition of sailed in a reservoir—in delta — 


Laboratory Practice’, John R. Freeman, Editor, p. 322, A. S. M. E., 


_ *“The Silt Problem of the Zuni Reservoir”, by H. F. 
Soc. C. E., Vol. LXXXIII (1919-20), p 


“Movement of ane Elephant Butte by L. M. Lawson, Reclamation. Record 
- 10 (1919), p. 411. 


Transactions, ‘aa Geophysical ‘Union, 1934, Pt. Pt. 2, D. 472. 
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The deposition of sediment in “deep parts near 
i = are explained by him on the hypothesis that turbid water ' passed through 


a natural conditions this silt moves down the river channel, in part conti 
ously and in part stages of. alternate deposition and erosion. Except as 
8 modified by gradual degradation or aggradation of the channel, as much silt v 
would normally pass one point on the river over a considerable period of © ee 
| 


time as would pass another po point, due allowance being made for 


~ from tributaries; but within short periods there would not be such equality - 


Lake Mead was created by construction ef Boulder Dam, about 


ft high, above the stream bed (731 ft from the lowest point in the foundation — 
to the highest point of the dam), in the Black Canyon of the Colorado River. ss 
dae The lake thus formed has an initial capacity, at “spillway level, of 30 500 000 

acre-ft, which is about the total run-off of the river in two average years, 
‘When the reservoir is filled, the lake will have a length of about 115 


and a surface area of about 145000 acres. bt is irregular ‘not only in out- 
ie but in cross-section. Within it are several box, or near-box, bres . 
through which the Colorado River flows, ranging from 2 to 10 miles in 
‘ i. length, separated by more open valleys into which the lake widens. The a 
therefore, may be considered as composed of great pools, notably at 
“near Vegas Wash, Virgin River, Wash, a nd Grand 
i ‘Wash, separated by the relatively narrow necks formed by the canyons. vag 
= The making of this lake has changed the 1 natural processes of the river a: 


A 


within the miles of the lake and, of ‘course, throughout the course of 


j = the river below the lake. The annual floods in the river below the lake, with oS 
2 their eroding and tra transporting action, have been eliminated. _ In this part aay 17 
Ptr, of the river the range in stage and discharge is now ‘relatively small. ‘The 
conditions in the basin above the lake ‘are unchanged, course, 
most of the silt that” enters the lake now (1987) and 


— 


io After the filling of the lake had progressed for a short t time, the effluent ce Fi re 

became essentially clear, and, in general, it has continued so since, How- 

. ever, turbid “water was discharged from Lake Mead three times during 
eleven months from February 1, 1935, when storage to 


1935, although the quantity flowing through the openings in the dam 


throughout the period has been controlled at less than 10000 cu ft per ‘0c, 
ss _ During these months the water was flowing through the trance 
base of the dam, and, when the turbid discharges occurred, the lake was 

from 70 to 90 miles long and contained from 4000000 to 5000000 = q 


of water; there was no significant change in the quantity of outflow. The 
turbid discharges —_ the ¢ conveyance through, and the discharge from, 

At these ‘times has 
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been not ocular evidence of unmixed or mixed water flow- 
:  jng through the lake, as. disclosed by its turbidity, but this evidence haa been 
substantiated by m measurements of the size of the of suspended matter 
a by the determination of the dissolved matter, as indicated by the sul- _ 


fates, contained in the — ehrtainaes into, and discharged from, the lake. a 


THROUGH LAKE ‘MEA 


The loads of suspended matter carried by the Colorado River are com- i 


= puted for the Grand Canyon Gaging Station, _ about 265 miles above Boulder at 


- Dam, and for the ‘Willow Beach and Topock Gaging Stations, about 10 
and 115 miles, respectively, below the dam. The positions of these stations 
with respect to each | other and to the lake are shown by Fig. ~The per- 
by of matter are given in Table 1 for the Grand 


@ 


oF 


/ 


Canyon, ‘Willow Beach, and Topock Gaging Stations during the 
| March 1 to October 31, 1935. - The loads, in tons per day, are > shown in 
Be. 2 (c) for the Grand Canyon and Willow Beach 

ul Comparisons of the loads carried past the Grand Canyon and Willow 

Beach Stations, g give, an approximate measure of the quantity of material 

a ‘deposited in the lake. _Comparisons of Past the ‘Willow 


are not shown in Fig. 2, because with the scales used the curves for 
x Topock could not be distinguished from those for Willow Beach. One of the 
_ writers® has presented data on the quantities of material carried past the Grand i, 


Am. Soc. C. B., Vol. 101 (1986), p . 284. 
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Canyon, WwW illow Beach, Topock Gaging Stations from February to 
The ‘sizes of the particles o of suspended ‘matter been determined 
- from samples collected regularly at all stations. _ The samples have been 
treated with sodium oxalate for complete dispersion of the material be before — “4 
the « determinations of ‘sizes are made. As it is -earried by the river, 
material is evidently in a state of partial coagulation, which may be a a5 
function of: : The kind of material carried ; the chemical composition of the i 
water in the river at the time the sample is collected; and, perhaps, ‘ae 
factors associated with the source of the matefial. Because of the impos- ‘i 
- sibility of duplicating the field conditions, it has seemed desirable to disperse 2 
‘samples, completely, y, before the determinations ‘are made, in order to 
reasonably comparable results. However, the dispersion, ‘desirable 
though it may be for uniformity, may obscure or destroy | certain natural 
conditions that have ‘significance with respect to the passage of u nmixed 
imperfectly mixed water through Lake Mead. | 
‘Laboratory tests using Colorado River water for the settling medium 
_ show that a large percentage of the ‘undispersed material has a much faster iS 
- settling ra rate than the same material in a state of complete dispersion. It — “ 
now a appears, therefore, that it would be the sizes of the 
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ty ‘particles aa they are actually y carried in ‘suspension, inasmuch as it is a” 
— dently such sizes that may be most significant with respect to the passage — 
of turbid water through a reservoir. probable that determina- 
_ tions ons should be 1 made of the sizes of the material both as received from m the — 
tiver and after complete dispersion. = 
‘The larger sizes of particles have been measured and 1 separated by sieves. 
However, if a considerable proportion of such matter passes a 200-mesh sieve 
erable proportion of such matter p a esh sieve 
_ (diameter of particles 74 microns), further determinations of size are made — 
by observing times of settling in tall cylinders and computing sizes by Stokes’ - 
law. The settling method, of course, is not exact, because the separations — 
represent quantities of particles that settle at given rates rather than quanti- — 
ties of particles that have | given diameters, and each size group | obtained 7 
‘contains particles that are smaller than the size for which 
-- was made and that have been carried down with the larger sizes. According by 
to Stokes’ law the | settling rates are, approximately, 26 ft, 4 ft, and 0.3 ft 
per hr for 50-n micron, 20-micron and 5-micron sizes, respectively. aa 
2c) shows the daily load of suspended matter at the Grand Canyon 
and Willow Beach Gaging Stations: during g the year en ending 
1935. During January, 1935, before the flow the river was by 
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-TURBID WATER THROUGH LAKE MEAD 


‘about 100 000 tons per day. _ After regulation was begun the load of sus- 
=) matter at the Willow Beach Station was fairly constant during ; 
the first part of February and nearly all of March, averaging about 10000 

tons per day. n nearly horizontal line in F of 

silt at the Willow Beach Station and is a measure of the load picked up 
“between Boulder ‘and Willow Beach by the clear w water discharged 


4 


There was a slight increase the e suspended load | at ‘Willow Beach 
a few days, during the latter part of February. However, shown in 


“Fig. 2, the first outstanding discharge of turbid w water from Lake Mead 


occurred in March and April. In the latter part of March the water dis- 
charged at the dam became slightly turbid and continued so for six or seven 


s. days. Then, after a week of relatively clear water, the river again became > ; 


a turbid to a ry greater degree than previously and continued to be turbid for 


ten days or more. _ The river became clear in the latter part of April ‘and— 

pemained clear September. . The e large increase in the load of suspended 

matter at Willow Beach, in March and April, followed an increase in 
; ae suspended matter at the Grand Canyon Station. Each subsequent increase | 

at Willow Beach can also be related definitely to a rise at the Grand Canyon 

ation. Each such increase at Willow Beach appeared about eight days 

the rise at Grand Canyon. The records show similarly that each” 

inorease at the Willow Beach ‘Station was followed about one ds day later 

by an increase at. ‘the ‘Topock Station. 

= During May, June, July, and August, 1935, the river above the lake 


was: carrying considerable suspended matter, which apparently y settled com- 


that The slight turbidity at the Willow Beach Station in that 
period appeared to be caused by local scouring of the channel and to be 
"accompanied by small eddies or “boils”; and when observed from a a cable — 
car 50 to 60 ft above the surface, the river seemed to have spots of rela- 
tively clear water interspersed _ with spots where “boils” were rising from 
the bed; but the turbidity was too great for actual observation of the bottom. b 
Some = ‘the “boils” did not appear to reach | the surface ; a came to the 
likely 
this action is normal for river and that the load of suspended _ 
4 matter ‘normally carried in in the lower river at low stages consists generally” 


of material scoured from the river bes 


On ‘September 8, 1935, the river suddenly became turbid at the Willow 
PE con Station, with practically no change in stage, and continued in this — 


_”*“Why Desilting Works for the All-American Canal”? by C. P P. Vetter, Engineering 
News-Record, Vol. 118, 321, 4, 1937). 
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condition until the m morning ig of September it was again 
clear. During this 12-day period more than 2000000 tons of suspended — 
a “matter was carried past Willow Beach. On September 5, 1935, the river at 
the Topock Station showed an increase in suspended matter, and for the 
17 next twelve days the load at the Topock Station was comparable to the load e 
at Willow Beach, but there was a marked decrease on September 16. . The 
appearance of turbid water at Willow Beach and Topock apparently was 
related to large increase in suspended matter in the river water 
at the Grand Canyon Station, which began 26 and continued for 


44 The river at the Willow Beach Station again became turbid on on (Octo. 
ber 6, 1935, and remained in that condition for eight days. On October 14, ae 
a it had returned to a condition of slight | turbidity. During this 8- -day period — 4 
mm more than 2500000 tons of suspended matter was carried past Willow Beach, ee 
On October 8, a large increase in matter was observed at the 

Topock Station, followed by a. decrease October 14 and a return on 

- October 15 to about the conditions of the first seven days of the month. BAe 
These changes in the quantity of suspended matter below the reservoir 


‘apparently resulted from an increase in discharge and "suspended matter 
_ observed at the Giend Canyon Station for a few days beginning September 27. 


Sizes oF Panricurs 


ow Particular attention is ealiel : to the curve in Fig. 2 showing variations “a 
‘sizes of particles, because ‘it seems likely that the greater specific gravity 
due to to the turbidity of ‘the water, especially when the particles are very 
fine, may be an important fa factor in the mov the ‘movement of 1 turbid water through 


igi Fig. 2(b) shows the quantity of material with effective diameters of less & 
than 20 microns that is carried daily | past the Grand Canyon Station. When- 
ever there was an increase in the load of suspended matter at the Willow $s 
Beach Station there had been a a prior increase in the quantity of material 
$ less than 20 microns in diameter at Grand Canyon. In each of the periods a : 
_of turbid discharge, the suspended matter at W illow Beach « consisted chiefly of 
small particies with slow rates of settling, more than 90% of the material ¥. 
being less t less than 20 microns in sin diameter. 
‘There will naturally be sp speculation as to the reason w why the high et 
_ of May and June, with n its heavy silt load at Grand ( Canyon, did not produce 
turbid discharge from Lake Mead. possible explanation n may li lie in 
the fact that, at that time, a high percentage of the silt after dispersion 
(and probably the percentage was still higher before dispersion) was larger 
than 20 microns and that this large portion of the silt, with its fast ee 
«Fate, carried down with it practically all the finer silt. Determinations of 
size show that the material carried at Grand Canyon during this : period was i 
7 in a state of partial coagulation and that the sizes of the nee carried 
“were larger than the ‘analyses o: of the dispersed samples indicate. 
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'TURBID WATER THROUGH LAKE AKE MEAD 

ai During those parts of the period from February to August, _ when the loads 


7 ‘at Willow Beach were small, the suspended material carried past this sta- 
tion consisted chiefly of particles, having diameters greater than 50 microns, — 


aa up in the river er channel between the dam and the station. During 
1: the game period a slightly larger load was carried past the Topock ‘Station bre 
hut the sizes of the particles: at the Topock Station were similar to those 
yf, at the Willow Beach Station. Similar scouring of the river channel at « cer- 
tan periods has been indicated by the results obtained for several years 
- before Boulder Dam was completed. . During certain periods of the year 9 
te ‘(usually i in the late fall and winter) before storage in Lake Mead 1 was started, 4 
ee the load at the Topock * Station was considerably greater than that at the 
Grand Canyon Station, and the differences could not be attributed to inflow 
tributaries between the stations. has seemed likely that at these 
times the river (which probably was not carrying a capacity load at the 
Canyon Station) | had eroded, from the bed and banks, material that — 
F had been previously deposited. It is significant that during a period of 
ten years the ennnaien collected at Grand Canyon have often had less than 
0.05% of suspended matter, whereas the samples collected at Topock have 


< rarely had less than 0.10% of suspended matter. * At such times of low on 
percentage of suspended matter at the Topock Station, the load has con- ase 
chiefly of particles than 50 microns in diameter which would 

drop out of suspension rather easily. 
me Increases in discharge and suspended matter at the Grand Canyon Sta- : 
od particularly in the late summer, are re frequently c caused | by rains | of high 
¢ - intensity in regions of little vegetation, resulting in rapid run-off of water, 
high in both dissolved and suspended matter. | Herman § Stabler." M. Am. 
~ Soe. C. E., has presented data indicating that 60% of the suspended matter 
past the Grand Canyon Station came from 86% of 
age basin lying above that point. The e increase in discharge at Grand Can- 


yon on ugus was cause arge increase in e ow oO t e 
es A t 26, 1935, sed largely by an increase in the flow of he 


is 26 miles above ‘the Grand Canyon Station. The material carried by 
the Little Colorado during certain: other summer floods has consisted chiefly 
ot fine particles, and it appears likely that the Little Colorado brought into 

; the Colorado a large part of the material earried past the Grand Canyon ~ 
Pe Gaging Station on August 26 and a few days” subsequent. . There is evi- a 
% dence that the Little Colorado and perhaps the San Juan may have brought 

te the Colorado much of the > silt that appeared at Willow Beach during 


ca, the three periods of turbid flow in 1935, but the evidence is not “complet 


fa 


4, 


mately from the changes in the principal acid vadicle present in 
Colorado River water. _ The determinations of sulfate shown that 


Transactions, Am. Soc. C. E., Vol. 101 p. 277. at 
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_ material of such fineness that it will stay in suspension for several hours, 


 'TURBID 1 WATER THROUGH ‘LAKE 


are 0 


significance, therefore, in confirming the ty the silt that 
at times of silt discharge, water entering the reservoir is going through the <a 
reservoir without complete mixing. This evidence of absence of mixing ~ 
"in agreement with the observations on the Rio Grande, where, it is reported — 
by Fiock and Scofield” that the soluble salt content of the outflow increases — 


sulfates and suspended matter at the Willow Beach Station | would seem 
to indicate that they are definitely related to each other. 7 The interval of 
_ about eight days between the increase at Grand Canyon and the increase — ae 
at Willow Beach appears to be a reasonable | time for water to flow ‘the 275 3) 
miles from the Grand Canyon Station to the Willow Beach ‘Station, includ- 
_ ing 70 to 90 miles through Lake Mead, with due allowance for the velocity 2 
of flow through the lake, resulting from an “average ‘slope of 3 or 4 ft to the 
a mile of the bed of the reservoir, on which the turbid water probably flows z ao 


_ Simple experiments can be made in the laboratory to show ‘that water of oa 


during the periods of turbid flow. The simultaneous 1s increases in 


greater specific gravity, whether such specific gravity is obtained by decrease 
in temperature, the ‘solution of soluble ‘material, or the suspension of ‘solid. 


specific gravity will move the bottom to the 
Causes f for the differences in specific gravity ‘Should b be considered « on the 
assumption that the relatively rapid flow of unmixed water through a long 
reservoir is due to: Differences in specific gravity; the slopes of the sur-— 
faces of water of greater specific gravity; or the slope of the ‘sediment on 
a which the flow takes place. In ‘the reported in “Hydraulic ‘Labors- 
tory Practice,” the phenomena were discussed wholly on the basis of differ: <i 
ences” in temperature, although t the differences in specific gravity of the 

water. used in the laboratory experiments appear to have been obtained gen 

pee by nating a solution of salt and not by changing the temperature. As 

a result of those studies it it _was concluded that | water of greater specific 

gravity due to lower "temperature might flow essentially unmixed 


a basin or seneevele containing water of less specific gravity, and that the 


THE 


>, 


depth at t which t the flow would take place 1 would be. determined by the se 
gravity ‘of the colder water. This same effect as related to temperature was 


discussed” by Armin Schoklitsch in 1922, 
Ps new aspect, evidently not previously studied extensively and, perhaps, — 
not pertinent in the ‘foregoing: studies,* is presented in connection with the 
Colorado River and doubtless many other silt-laden streams, by a water made gtd: 
heavy because of a load of fine silt that is not quickly dropped even when id 


Transactions, Geophysical Union, 1934, Pt. 2, p. 472; also “The Movement of sit — 
“Binfluss der Durchleitung von ‘Been aut deren temperatur”, 
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* -TURDID WATER THROUGH LAKE ‘MEAD 
ow velocity i is “reduced zero. This fine silt is so 
with the water by which it is carried that it ‘apparently increases the specific Me 
a gravity of the water. The Tange in specific | gravity due to the presence of my 
fine silt may be much greater than that due to differences in temperature. 
ut ‘Under some conditions, therefore, water of an -inflowing stream, even if 
it is higher in temperature, may not remain on . the surface of a reservoir 
j but may sink to the level determined by its greater specific ‘gravity y due 
2 to its load of fine silt. Mr. Fiock® has stated that the temperature of the _ 
“outflow from the Elephant Butte Reservoir during periods when turbid water 
is passing through the reservoir, not on its surface, is about 6° higher than 
the temperature of the reservoir water. When the outflowing water becomes 
dear, its temperature drops to that of the reservoir water. Unfortunately, 
there are no records of the temperature of Colorado’ River wa water as it enters 
fe into, or flows from, Lake Mead; nor of the water in Lake Mead at various a * 
depths. attempt has yet been made to find the depth of the flow of 
unmixed turbid water through Lake Mead, but it is “tentatively, assumed 
4 that the flow of turbid water is just on top of previously deposited silt 
and that it follows the original channel of the river. 
The differences. between the specific gravity of the incoming water 
of the lake water _may be greater than the difference in specific gravity 
caused by differences i in temperature. . The specific | gravity of pure water 
0.993 at 100° F, and has a maximum of 1. 000 at 39.2° The specific 
gravity of the water that flowed through Lake Mead in October, 1935, ranged | "a 
from” 0.995 to 1.008, showing a greater variation than could be caused | by 
the most extreme natural differences jin temperature. Approximate values 
for the specific gravity of the turbid water that passed Lake Mead and the 
percentages of suspended matter in the water as determined on sam mples. ‘eol- 


lected at the Willow Beach Gaging Station are given in Table2 i is—t*~S 


-2.—Speciric Gravity AND PERCENTAGE OF SusPENDED MatrTer IN WATER © 


OF CoLorapo River at Wittow Beacu Gacine Sration, 1935 
avity® matter (percent- matter (percent- 
Sravity® age by weight) gravity® | age by weight) 
1.005 ome 1.007, 
1.004 


e Determinations made at 84.2° F, referred to pure water at 39.2° F 


the basis of present information it appears, therefore, that the 
phenomenon of flow of essentially unmixed turbid water through a long — a 
_‘Teservoir at one season or another is not uncommon, and that it may be > a 
affected by temperature, dissolved salts, size of particles of silt » and the ‘a 
degree of coagulation of dispersion of the silt particles. 
The observations herein recorded relating to the flow of turbid water ps 
7 oe Lake Mead during 1935 may have peculiar value, because t they have 7 
been m made systematically throughout the ‘period when stored water was 
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warm THROUGH LAKE MEAD 
discharged through tunnels at, or near, th base of the dam, and, 
was drawn from the e bottom of the lake. Early” in 1936, while water 
still being discharged through these tunnels, _ some of the water passing 
di dam was drawn through the intake tc towers from level about 250 ft 2 
above the base of the dam. Under these » conditions on April 22, 1936, the co a 
river: at W illow Beach became turbid shortly after noon, the silt appearing — ee 
main current at first and in 10 min the entire section was filled is 
"with urbid water. i: At this time, the discharge below’ the dam was about ae 
10000 cu ft per sec, of which about 5000 cu ft per sec came through the 
ae tunnel and about 5000 cu ft per sec came t through the outlet works, 


ie 


In this period of ‘turbid flow about 2400 000 tons of silt was carried past — 
Willow Beach. The gate in the tunnel was ¢l closed on May 1, and the river at 


ES, 


Willow Beach became clear on May uty 
= ‘The passage of ‘silt in ‘quantities through reservoir may 
n much more than scientific interest and importance. ‘on of the great 
unsolved problems pertaining to the detention of water in reservoirs relates 
_ to the gradual loss of capacity caused by the deposition of silt. If any 
considerable quantity of silt can be carried through the ‘reservoir ‘its effec: 
tive life will be correspondingly increased. In the three periods | in 1935 of g 
turbid flow from Lake Mead described herein 6 000000 tons, or about 2.5% 


of the estimated average annual load of silt brought to the lake, has passed 2 


perhaps, may reasonably be assumed to be smaller than that carried through 
Lake Mead. "However, the quantity of silt thus | carried may well be of 
sufficient importance to warrant further consideration. 
4 The question may naturally be raised as to the possibility of increas-— 
ing the discharge of silt from reservoirs created by future dams by modi- 
fying the positions of and approaches to the discharge openings or the 

manner of It is suggested that a the “conditions 


ons that make “passage of turbid water ‘possible, in order that 
consideration m may be given to an} any advantages that be practicable 
attainment by modifications in the details of design of the ae oF in eS Py 
othe record of silt flow described herein may be important not only to— 
engineers in their evaluation of silt problems related to many other Saea k 
-voirs built, or to be buil t, on silt-laden streams, , but also in in “connection with 
certain geologic and engineering studies related the deposition of silt 


and possibly to the origin of subaqueous channels. — It is hoped that <a 


= may be brought into the discussion other definite information related to the 


little understood phenomena associated with the flow of water through 
reservoirs, and to the possible applications of the Phenomena that 
have significance : with to engineering problems, 
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of a from ‘thick cream to molasses, It flows 


 geadily on the slope of the reservoir bottom, by virtue of a greater ‘specific 
gravity than water, and, finally, reaches the dai dam. 
a discharged from Lake Kemp, a reservoir on Wichita River, 7 
near Wichita Falls, Tex., through a battery of concrete pipes with inverts a 
at or below the Glevation: of the. siver hed. The control: gates a are about 
midway the length of the conduits, allowing the 1 up-stream half of 
the pipes to be exposed to pressure at all times. _ There is evidence that the dl 
liquid” mud flows from tl the place of deposition in the old river channel, — 
and down the channel within the reservoir until blocked by the closed 
outlet gates. © On opening the gates, the first rush of water carries a 
heavy load of silt, but after discharging all mud within | easy reach of he ; 
— conduits, the e discharge becomes clear. | Water: from this reservoir flows down 
the river channel several miles where it is diverted into the main ° canal 


“ad The general arrangement which provides for the outlet at or below the 
elevation of the bottom of the stream channel and the diversion of —_— 
to canals at some distance down stream from the storage” dam i is favor- 
able for the discharge of deposited silt of the aforementioned character. In 7 

most of the Texas reservoirs the highest elevations of the bottom, a 
4 


a cross- -section, are on ‘the immediate - banks of the old stream channel; he 


=) 


” therefore, none of the silt that is deposited on the wide flat areas between : 
elevated ridge near the channel and the toe of the slope from 
3 upland, can flow into the old channel and ultimately reach the outlet struc- 
ture. It is believed to be advantageous to clear reservoir sites of brush, : 
* trees, and stumps, and to construct channels with a view to conveying _— 


the: liquid mud, resulting from the deposition | of suspended silt, into the | 


old stream channel and thence through the outlet gates.” a 


As further | evidence that _ deposited silt, in the form of liquid mud, 


flows down the | slopes on reservoir bottoms, ‘attention: 4 is ealled to conditions 
in Medina Reservoir, near San Antonio, Tex. In September, 1930, this — 


*“The Silt Load of Texas Streams”. by Orville A. Faris, Am, Soc. 
“Technical Bulletin 382, U. 8. Dept. of Agriculture, 1933, pp. 37-39. 


* M. Am. Soc. C. E. (by letter)—Turbid water showing in 
tg the discharge from large reservoirs, in the opinion of the writer, is the =a fem 
ee result of disturbance of silt which was virtually in place; that is, it was — 
‘thst 
— 
= 
a 
although they had been submerged by water to depths ranging from 

So! i to 100 ft. for long periods of time. On the other hand, all depressed areas P 4 ae 
| on the flats contained silt with maximum depths in the lowest places and — 


the ws material per cubic foot of deposit of “flocculent” and “honey. 
comb” structure, taken from the bottom Lake Worth, near Fort Worth, 
-Tex., and composed largely of colloidal sizes, contained 18.7 Ib. of oven- or 
material per cu ft of deposit. ff On the basis of 2.65 for the specific gravity — 
of the dry material, water ‘occupied 88. 59% of the 5] space and the absolute 
voids amounted to 88.66 per cent. A sample from the bottom of Lake 
crresponding to clay particles, contained 37, 05 
Db of oven-dry material | per cu ft of deposit. On the basis of 2.658 for the 
spetific gravity of the dry material, the space occupied by water was 
= and the absolute voids: to 7. 63 per cent. 


table, venges from 31.38% for very fine sand to 49% for Com- 
paring the water capacity of marly loam with that of the Sample silt 
deposit which ‘contained about (89% water, by volume, it is seen that the 
latter has greater capacity by 40%, than the former. This” 
capacity is to the difference in structure of the mass of | 


= 


it is "practically all and is. 
The "unconsolidated character wie material deposited from suspension, 
- under water and 1 remaining below the water-table, will continue indefinitely. 
This is evident from the soft character" of low-lying material in peat 
marshes. ‘This soft material was deposited ages and still 

“honeycomb” — structure on account of its position below the water- table. 

_ The release of the excess water can be accomplished only at the surface ae 
of the deposit, therefore, in large reservoirs, consolidation of such deposits ee 
can not occur until the stored water is drawn down exposing the soft — 
material to the action of the sun and atmosphere. = 
Paut A. Jonzs,1® M. Am. Soc. C. E. (by letter) —The studies regarding — 

enero of silt through large reservoirs will, no doubt, be of great ria 
interest to engineers, and it ‘is hoped that the work begun by the authors 
may be continued. However, it is the writer’s opinion that studies ‘made Rts 
concerning the turbidity water passing Boulder Dam in 1935, or even 


a 


in connection with transportation of ‘silt in n the cle awe 

_ There were certain topographic conditions that, no doubt, greatly a 
affected the turbidity of the flow at Boulder Dam, especially during 1935. ‘The 
canyon» above the “dam, in general, is in the shape of an are, with 
the inside of the are on the side of diversion through Tunnel No. 1, on the 

Nevada side. It reasonable to assume that currents of _ water 
similarly to currents of air, and will move toward the inside o of the curve es 
instead of ' following the original channel. Cold or heavy air will follow la! 
the inside of a curve, or the shortest distance, as may be observed in Weis, 

Bureau of Reclamation, Glendive, Mom 
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“SCOFIELD ON TURBID WATER THROUGH 

PS ve. It onan seem fair to expect the greatest 
> number of contraction ete: in the concrete lining of a tunnel on the 
‘sts of the curve, but the reverse is true, as the cold | air in a draft 


follows the inside of the wt 


. At Elevation 720 at Boulder Dam, which is about 30 ft above yay top 

oy or or back of Tunnel No. 1, the contractor constructed a railroad grade down 7 

canyon on the Nevada side, principally tunnel. muck which was 
oo a reddish brown color. | Below this grade, on the same side = the 


‘eanyon, at about Elevation 650, was a comparatively large sand- bar. — Just 


= shore the entrance to the canyon, =a also on the inside of the are, blow- 


miles above ‘the to » the canyon, there are at 
or there will be, two rock islands which were connected by a blow- -sand © 
- ridge, and the original current flowed east of the island farthest east. pila Ber, 

If a check is made of the dates of turbidity of the 


‘than the usual Colorado River water; and that, a turbidity occurred soon howell 


o ridge between the two rock islands was was well covered, and at about the 


¥ time that ‘a change in current from the east side of the small island to ‘a 

west side, te ‘At the level of diversion through the 

towers, the canyon has little blow- sand or silt, and it is not likely that 

- Liecod below the dam will again occur to the extent observed in 1935. 3 

_ This discussion is not written to contradict any of the statements ‘made 

it the paper, but as a possible explanation for 

when the reservoir was being filled for the ‘and the cur- 

ag rent was being changed gradually to new and . unstable _ ground, due 

to the fact that the canyon immediately above 

of an are, with | the inside of the are on the side of diversion, or the 

ae It’ is well understood that river water carries large quantities of col- 

-lodial silt in suspension, and studies relative to this material, no doubt, 

would be of great benefit to the Engineering Profession. For example, 

f there i is a shoal in San Francisco Bay, just west of Mare Island, which <i 

Se aren entirely of colloidal silt deposited where the fresh waters of the rivers: 

come in contact with a certain percentage of saline water from the o ocean. 
Since the effect of tides is noted as far up the Sacramento River as a 
City of Sacramento, and the collodial silt is not deposited until it reaches 

as point nearly 100 hundred miles distant, and is there precipitated by =. 

is reasonable to expect that a large quantity of fine silt will be trans- 


S. 37 Ese. (by letter). .—Hydraulic engineers are fortu-— 
bee in having made available in precise form the information concerning 

| phenomenon that has been reported hitherto only in general terms. 


- Agriculturist in Chg., Div. of Western Irrig. Agriculture, Bureau of Plant Industry, P- 
8. Dept. Agriculture, Washington, » 
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Observations that ‘different waters may move in same stream 
- channel with little blending, and that water may flow into, or through, a 
a reservoir with little or no mixing, have “been reported before but only 
circumstantially. . The findings reported by. Messrs. Grover and Howard, 
therefore, challenge attention and invite further The 
underlying t the phenomenon described remain obscure. 
The assumption that different solutions brought together in the 
container would antomatioally blend into ne homogensous mixture 
runs counter to daily experience. One naturally a spoor to stir 
a cup of coffee after | the cream and sugar are added. In the case of reser- : ‘ 
— such mixing as occurs may be due in part to the effects of currents — 
set in motion by inflowing water, by wind action on the surface, or in part ; 
to “inversions” caused by changes that affect the: specific gr gravity 
of the water. d For example, if the surface water of a reservoir beconies 
colder than an the deeper water, its specific gravity becomes: higher and inver- 
When turbid stream water enters a reservoir in the summer, if its 
_ temperature is higher and its salinity is lower than that of reservoir water, ae 
the normal behavior is for the silt to settle to the bottom and for i. 
clear water to spread over the reservoir surface. On the other hand, if 
the inflowing turbid water is much more saline than the reservoir water the > 
higher “specific gravity due to salinity tends to offset the lower specific. 


gravity due to ‘temperature so that the water tends t to stay with the silt 


to move into the reservoir along the bottom. ay wuld 
Furthermore, behavior of silt in relation. to its transporting water 
= to be influenced by the relative conditions of salinity. If the 


reservoir ‘deposition of the silt, “appear to 
hastened. If, conversely, the concentration of dissolved salts in the inflow. 
ng turbid water is higher than that of the reservoir water, the tendency 
a is to retard the flocculation and deposition of the silt. ‘The combined a 
. of silt” and of dissolved salts on the specific gravity of water, of course, is i 
greater than effect: of temperatures, at least within the rar 
ordinarily occur in streams and to 
ww The foregoing are largely theoretical considerations. — Engineers: do not, 
as yet, have enough facts to explain convincingly why the incoming 
is sometimes deposited at ‘the head of a reservgir and, at other times, ee 
“4 far far along th the bottom nm all the way through the reservoir. 


aime if one knew more of the rhe and factors involved. Both are known 
to have occurred at Boulder Dam and at Elephant. Butte Dam. oot ae 
Ivan Houx,'* M. Am. Soo. E. (by authors have con- 
tributed some valuable information regarding the character and quantity Rt: 


of suspended material carried through Mead Lake. The paper is especially 
“noteworthy since outflow conditions at the reservoir during the 


pe 


Senior Engr., U. 8S. Bureau of Reclamation, Denver, Colo, 
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covered by will never again be During 
1935 lake water was released through | one of the diversion tunnels at about tos 
normal ‘low. water surface of the Colorado River. About May y, = 
4 1936, the tunnel flow was shut off; not only by closing tl the regulation gates, B * 
- inside the ‘tunnel, but also by permanently sealing the up- stream end of the 4 
a tunnel with a 50 by 50-ft Stoney gate. — Sinee that time water has been released © 
through | cylinder gates in the intake towers. These gates: located at 
at heights of approximately 250 and 400 ft above the tunnel gates. . They will 


be used in all future regulation n o of reservoir ail for irrigatio = 


no measurements of river temperature were made 


at the up-stream end of Mead Lake during 1935. However, temperatures 
of river water at t the dam site” have been _ observed since April, 1930. 
These measurements were being made, daily, ving; the: period covered 1 by 


@ 


Daily Temperature of Water Discharged 
from Mead Lake 


88.9 a Mean Air 
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Fic. 3.—AIrR TEMPERATURES aT Dam CompareD WITH TEMPERATURES OF WATER 
ox 


Lace Duaine FROM ARY 1 TO DeceMBER 31, 1935. 
authors’ silt observations. After storage on February 1, 1935, the 
“temperature measurements were made in the reservoir outflow. Fig. 3 
shows the results of the observations; also the daily air temperatures, mean 
‘monthly air temperatures, and mean monthly water temperatures. Rae 
a A comparison of of the daily water temperatures during 1935 with those 
measured during previous years shows that the reservoir inflow temperatures | 
_ must have been approximately the same as, or slightly lower than, the lake 
temperatures at the elevation of the tunnel gates, during the “periods of 
movement through the reservoir. Consequently, inflow densities 
Inust have been approximately the same as , OF slightly greater than, the: 
: lake densities: at the t tunnel level; and the silty inflow undoubtedly followed 
the | original river channel | along the lake bottom to the open gates as 2 
assumed by the authors. Since the gates were closed silty inflow probably 
has the lake bottom to its” density, then 
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‘WATER THROUGH LAKE MEAD. 


open, are now settling to the lake bed and an 
solidated under the lake pressures. ‘A 
Measurements of water ‘different depths in Mead 
begun in June, 1936, and are being co continued at monthly intervals, 
in The securing of samples of the lake water at different depths, for chemical 
and silt analyses, is now (1937) being considered. id When such data become | . 
available, it should be possible to discuss the ‘movement of turbid water 
_ through the reservoir much more , adequately. The writer believes that, some 
time in the future, silty flood water, having the same density as the lake 
water at the elevation of the e cylinder gates, may enter the re 
_ through the lake at the level of its density, and be noticeable in the reservoir o 
‘The conditions under which turbid “water may flow through a reservoir a 
‘instead of along the bottom, or instead of being rapidly diffused at the ah 
Up stream end of the lake, m may be discussed on the basis of the temperature — 
= within the lake. 7 ig. . 4 shows the water temperature at differ- ut 


 ervoir June 18, 1934. Assuming 
that the water had the same salinity and of 


he aes free from silt at all elevations, the Pe 5 


density « curve can be calculated from the 


_ temperature curve . Such a curve will 
~ from the bottom of the reservoir up to 
about Elevation 4 4270, “then gradually 
decreasing densities as the temperature 


increases” toward the surface. 
Silty” flood flows, en entering the ‘res 
with a density ‘Greater than the 
* water at the lake bed, would be expected a 
in to flow along the original river channel 
beneath the body of the > lake. ‘Similar 
jad od flows, entering the reservoir with a 
sity the same as the lake water hen ie 
_ Elevation 4270, would be expected to 0 
ts spread out “laterally and vertically 
- through the entire reservoir section be- 
wal, floods entering the reservoir with 
density equal to the lake water at some elevation above 4 270, as, for instance, 


at Elevation 4300, would be : ‘expected to spread out laterally at that level and 
to flow through the reservoir at that elevation without 
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experiments described by Mr. Freeman, and cited by the authors.* In 
se, the appearance of silt in the reservoir outflow is probably dependent upon 2 


AGER | ON TURBID WATER THROUGH 


the y ear, usually “during the winter ake densities are 
approximately constant through the entire vertical section. At such 
flood flows, entering the reservoir with a density the same as the reservoir — 
water, would be expected to diffuse laterally and vertically through the 

entire cross- -section of the reservoir. conditions, 


be objectionable. However; , investigation “of the is well worth 

_, while from the scientific standpoint, er though the studies may produce 
results of great economic value. The authors have rendere das ser- we 
vice to the Engineering Profession in bringing the matter up for discussion. - : 3 ; 
P. Creacer,2® M. Ax. Soo. C. E. (by letter)—The contents 


at this paper are of exceedingly | great interest. ‘Iti is hoped that more data of | 
like character will be forthcoming for other cases. 


: til When water containing silt in suspension enters a relatively clear reser- 
voir, the e chances of its passage through such reservoir essentially 1 unmixed, 4s 
depend upon: The volume of the ‘incoming water; the 2 slope of 
the bed of the reservoir; (3) the roughness of the bed of the reservoir; pant 
ae. the length of the reservoir ; (5) the ‘specific gravity of | the incoming = 
water; and (6) the size of the particles in suspension. 
_ For the same specific gravity, the greater the volume. of inflow the 
5 deeper wi will be the stream of unmixed water; and this factor, together with A 


te slope pe and roughness, affects its velocity of flow just as in an ordinary © 


to travel, the greater will be the opportunity for the | ‘matter er to 
| these conditions must be taken consideration for a particular 

Problem a nd additional information similar to by the authors 


The specifi gravity of the incoming water upon: (a) tem- 
its dissolved matter; and (c) its suspended load. The 
ae 5 ‘temperature of the water entering the lake may be greater than that of 
the lake with a resulting tendency to keep on the surface. However, the : 
- authors have shown that, for this case, the variation in specific gravity due - 
_ to temperature is negligible in comparison with the variation due to — 


—— } 
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— ‘te end ope 
the contiz the upper end of the 
seservoir until the silty flow has had time to reach the outlet gate. 
4 
— 
of the turbid water to the outlet wal 
writer doubts whether it will ever be desirable to design irrigation 
reservoir outlets so as to secure a maximum outflow of turbid water. As men- 
tioned by Mr. Fiock, in the reference cited by the authors,’ the silt discharged _ 
at such times would be deposited in the canals, or carried ‘gts 
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7 4 caused by fine particles would find its way way through ‘the lake more readily — 


Waren THROUGH LAK 

of ‘dissolved material un ndoubtedly the 

specific gravity of the incoming water, there is no evidence in Fig. 2 to 
show that it had much influence on the discharge of of silt from Lake Mead, 
as indicated by the following no notes: (1) There was no increase in dis. 
_ solved matter prior to the April discharge of silt; and (2) dissolved matter — 
_ has no chance to settle, as does suspended matter. Therefore, one would 
expect that , if the greater - specific: gravity of the water due to dissolved $ 
were predominant, there would be some > similarity 
inflow and outflow of dissolved matter. However, in August, the 


reduced while” the inflow was in reasing; whereas, in Vovember, the 


was 


uel The writer wishes to discuss the suspended load, first, on the basis of 


size of particles; second, on the basis of total volume ins ‘Suspension; and, 
finally, on the basis of the “percentage of "material in suspension. 

Small particles settle in water more slowly than large ones. There 
_ fore, other conditions being the same, it would be | expected that ae 


than that caused by large particles. However, the quantity of fine par- 
_ ticles does not seem to be the predominating feature at t Lake Mead, for the “a 
following” reason: The variation in size of particles entering lake 
_ shown in Fig. 2(b) of the paper. _ The authors state that “ < whenever a 

» ¥ as 8 an increase in men of suspended matter at the Willow Beach Station 
there had been a prior increase quantity ‘of material less than 20 
‘ ‘microns in diameter at Grand Cany on.” ’ Towev er, the reverse of this state- _ 
_ ment is not the case. For instance, a considerable discharge of suspended 
matter | from the lake occurred after the April increase in quantities of 
material less than 20 microns, but i in June there was a still greater increase 


a fine particles with no resulting discharge of suspended matter from 


Percentage at 
Grand Canyon 


, at Grand Canyon 


at Willow Beach 


March April July August September “October ag 
“Fic. 5.—Sus SPENDED ‘MATTER, | PERCE? -ENTAGE 2 BY WEIGHT, Into T THE “AND Tons oF 


This s same ‘argument may be applied to also that 1 neither the 
a total quantity of suspended - matter entering the lake nor the total flow a) 
a the predominating feature affecting discharge of suspended matter from 


The authors state that “ _—— will naturally be speculation a! to the ck 


reason why the high water of May and its load at 


Suspended Matter, in Percentage by 
Suspended Matter 


Weight, 
“Millions of Tons of 
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MER ON TURBID WATER THROUGH LAKE 
id not produce a discharge from Lake Mead.” 
riter believes that the answer is to be found in his Fig. 5, in Poe 
5 the percentage of suspended matter entering the lake (taken from Table HD 
and the tons of suspended — matter discharged from» the lake (taken from 
2(c)) are plotted. will be noticed that there is a distinct agree- 
between these plottings. There was a discherge of silt from 
i the lake when the > percentage 0 of suspended matter entering it was greater — 
than about 2 and no discharge of silt from the lake when the “percentage 
was less than 2. The authors’ speculation will be answered when it is — 
noticed that the higher water of May and June with its “ heavy silt load” 7 
5 by volume actually had a “relatively small percentage of silt, and yale 


a The fact that, in March, silt was carried through with only 1.7% _ 
suspended matter whereas, it did not carry 


7 
“ in greater specific gravity for the same percentage of suspended material. + 


te It is not possible, w vith the data available, to form final conclusions; _ ~ 


but the facts presented in the paper indicate that: 
iat. 1.—It requires a certain specific gravity of the ee 


—At t Lake Mead, ‘the | predominating’ feature | affecting ‘specific gravity” 
us was the } percentage of total suspended load, although the percentage of fine Bs a 


particles and dissolved matter and the temperature may have had a minor 


—For Physical conditions at Lake Mead, it requires a specific 


at least to that for about (2% of total suspended 

‘Haroip 20 M. Am. Soc. C. E. (by letter) ‘unexpected 

of sclentifie interest is described in this paper. Although it 

Right be that the useful life. of this large project would be increased q 
slightly” by proper operation, es the a authors suggest, any possible increase 
in life would be emall because the percentage of silt fine enough to be | 
carried through such long. reservoir would be small. The 
- of the increase in specific gravity | of the water at Willow Beach observed J 
from October 5 to 14, 1935, with the period of turbidity, suggests that 
this increased specific gravity is probably the explanation of the passage dea 
. of turbid water through the lake. The authors show that the ——— 4 
a ‘Specific g gravity entirely - due to the concentration m of fine e material, 
4 2 and Figs. 2 (b) and 2 (ce) diow thet periods of turbidity follow sharp _ 1% 


peaks of fine material observed at Grand Canyon. Therefore, a a solution 
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LAKE MEAD 
In collaboration with A. M. ‘Rawn, M. Am. Soc yc. C. E, the wail 


at the bottom of the of which i is s the oppenite 
of the conditions encountered in Lake Mead, but some of the ey — 
be easily applied to both cases. 
the experiments with s sea water it was found that mixture of | 

the two waters occurred in two stages, the first being a violent mixture — 
caused by the turbulence along the plane of contact as the water — 
rose rapidly ‘to the surface of the salt water, followed by the ‘second stage 

when the somewhat diluted fresh water spread over the surface of the the salt 9 

water. The term, “initial dilution was used to express the degree of 
mixing that had been affected at end of the first stage, when the 
water reached the surface. All the experiments revealed the fact that Liss: 
if this initial dilution was small (about nine parts of salt water 


part of fresh), the final mixing | was very the 


field w: was in any way, ‘such’ as. confined wi a 
sea wall, further dilution was much slower and the fresh water tended 

_ to travel without much further mixing, 
The authors show that about eight days pores of 
the water at Grand Canyon showed an increase from 0.995 to from | 1.005 
to 1.008, the turbid water appeared at Willow Beach. The specific gravity 

of sea water is 1.026. Reducing this figure to 1.016 would be equivalent 
to the change in - specific gravity n noted at Grand Canyon and would _ 
accomplished by a dilution of "approximately two parts of salt water wi ae ; 

one fresh. Such a mixture would be quite stable and could be 

to continue its travel for a long | ‘distance without great dilution. 

When the heavy water encounters. the quiet water of Lake Mead, in 

43 confined canyon where the cross-section increases” gradually, its velocity 

be reduced without turbulence, and the cross-section of the moving 

stream m must increase” in the same “proportion. In the narrow box canyons 

Lake Mead, the bottom stream is confined and the 

slow. The of the the quiet light” water is a 
function of the difference of specific gravity and the lope of the bottom, 7 
which latter is constant for any given location the Jake. The 
velocity of the stream n of heavy water will be a direct function of the 
difference i in “gravity whereas its ‘depth will: be proportional to 


= 


‘difference in gravity some minimum but motion is 
‘started the same inertia this difference 


-ereased to a value less than was required to initiate the movement. - This 
Extent of Sewage Field in Sea Water”, 
BE. Vol. 94 (1980), » 
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a solution, the settling: of the fine particles in “quiet water of the 
& ttom during periods of negligible movement would tend to decrease the 
> The actual behavior could best be — by means of  &xperiments with — 
- q model, and it would also be well to make regular specific gravity obser- 
at Grand Canyon, and at ‘Willow Beach a few days: 


A different parts of ‘the lake, especially at both the upper and lower ends of | 

the wide sections, should yield interesting data regarding the difference 

in behavior in the box canyons and the open sections ns of the lake. pete 
_- When the difference in specific gravity is very small, the depth of the — 
stream of heavy material ‘should be | great and, in the valleys, it would | 


80 much that mixing would be increased enough, practically, to stop the 
flow beyond the e valley. “Any model for this study should contain n alternate 


it might be possible to determine the shapes of reservoirs which would 
be expected to pass turbid water through them, and compare these with 
Lake Mead, or with any other “reservoir which passes turbid water 


Morrover P. 0’ BRIEN, 2 Assoc. M. Am. Soc. (by letter) — 


Recent theories dealing with the susy suspension of solid material in turbulent — 


verse components of velocity carry more material upward than doar ard, 
because of ‘the increase of concentration in the ‘downward direction, and 


‘ velocity components exceed the settling velocity of the material, a steady 
: i of suspension may be attained. From this viewpoint a possible ex- 
YS Ges of the flow of turbid water through Lake Mead may be that the 


- the bottom at a sufficiently great velocity t to result in a turbulent flow capable © 


ig stream might be held to the bottom in its course through the reservoir. a 
‘This phenomenon i is essentially different from the flow of cold or saline waters _ 


te An approximate computation of the order of magnitude of of the quantities — “= 
involved may be made by assuming that the usual friction equations | ap- 
_ ply without allowance for the energy dissipated in the circulation set up _ 


the overlyi ing water t. The re resulting equation would be, 


— 


. spread well out of the old stream bed, thus increasing the plane of contact a = 


4: canyons and wide valleys to study this effect. With this information > sh 


thus counteract the constant settling tendency. Provided that the upward 7 a 


greater density of the water carrying suspended material caused it to follow = a 


“of re-suspending the solid particles as they settled out. Thus, the inflow- 


R 


fact would explain the movement in surges. Furthe 
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mass 
is friction coefficient; R is the hy draulie radius; Sis thes ‘slope of the 


p is the percentage concentration; and s is the specific gravity of the material 4 = 
in in suspension . If the layer of water is thin in proportion to its width, Rm may ms 
replaced by 7, the thickness. The discharge is bVT’,, in which b is the width, 
When S = 0.0007, s = 2.65, k = 0.003, and 6 = 400 ft, the depths and 


TABLE 3.—CompuTep V ELOCITY AND THICKNESS OF SILT 


Discharge, in cubic feet per secon 15600. 8 630 

Computed velocity, in feet per second. . 


ie 


7 best, these values ar are only rough approximations not only because of ia 
simplified theory used, but also because of insufficient data. No ‘allowance 4 
‘sa was made for differences in temperature between the reservoir and the i i: 
flowing | stream, the width was assumed as 400 ft, and the slope is only an — 

all = 

average value, and yet the results are within reason. The Reynolds 1 num- 
ber is high and these flow s should be turbulent, but the vertical density gradient iy 

fl would probably reduce the turbulence below that which _ would occur i in Se 

clear. stream of the same depth ‘and mean velocity. arty ¥ 
tie velocity of 1.5 ft per see (which is helene the computed velocities) _ 
a _ the flow would traverse the 90- mile length of reservoir in a little less ‘than 

a 7 7 four days. During this interval, material as small as 5 microns would settle 


q 7 out of still water, and the stream would lose its identity before reaching the 
_ g tunnels unless the material is kept in suspension by the transverse an 
the turbulence. . The “approximate average ‘magnitude of these transverse 
-_ velocities would be 0.15 X 1.5 = 0.22 ft per sec, or 80 ft per hr and 10 
particles larger than 50 microns might be trameperted. . 
Using the same methods one may compute a lower limit of discharge | and aa: 
concentration which would maintain particles of a given size in suspension, 
but the result would be greatly affected by the temperature. ‘If the nea 
ing stream is colder than the w jater in the reservoir, capacity for maintaining — 
‘particles in suspension is increased both because of the increased density Pa 
al of the water and the decreased settling v elocity ‘of the particles. If the in- t 


esau warmer, , the capacity f for suspension is reduced and this ¢ effect my 
account for the absence ‘of turbid outflow during the high-water period ae 


is to be hoped that 1 this ‘paper will” arouse sufficient: interest 
those concerned with reservoir that information will be obtained 
_ to form the basis of a general theory. It appears possible to develop a com- — 
bination « of theory and experiment which would permit computation of 
flow reservoirs with known inflow but 
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aoe their paper, additional information has been obtained from field 4 
records and the observations of employees of the U. S. Bureau of Reclama- an = 
tion which may throw further light on this interesting phenomenon. tod 
a Storage ‘in, and controlled release of water from, Lake Mead was: started 
on February 1, 1935. The water discharged from | the reservoir ‘through — 
- the tunnel at river grade was clear until February 15, when the water | a 
A became muddy did not clear until the following day. This 
again on F ebruary 19 and from February 23 to F ebruary 25. In all 
Bee nstances, there were storms | on the lower water-shed preceding the dis- 
charge of the turbid water. The silt content in the first two runs 
 jight, being recorded as approximately — 10000 ppm at the gaging station 
miles below the outlet, palit dia ald 
measurements of silt content were taken for the third run, but 
samples were “rye the reservoir, just up stream from the inlet eal 
diversion tunnel, to determine the elevation of the silt- laden stratum. 
Sampling across the channel showed that this layer occupied the bottom 
of the original river channel, being about 2 ft in depth in the center. a 
surface of the stratum was level and was marked so definitely that 
: a change of 6 in. in the elevation of the sampler changed the sample from | 
clear to cocoa-colored. The dried silt from a sample taken about the middle 
point: of this layer “amounted to about one-fourth in volume “of total 
sample. At the time of this third occurrence, a streak of muddy ka 
~ visible on the surface, extended through the center of the reservoir for — 
approximately 3 miles below Boulder Canyon, clear: water er appearing 
both sides. Undoubtedly, it extended a greater distance, but was as not 
visible. Boulder ( Canyon is 20 miles up ) stream fr from the dam. 
‘Turbid wa water again flowed from t the reservoir on March 24 and 
The of the water ¢ at the outlet of the tunnel increased 


- 3100 to 11 400 ppm, measured at the rating station below the dam — 
checked closely with ¢ the silt measurements taken at Willow Beach. 
‘Nine samples w were taken at different depths. for each reading. The silt 
content was found to be uniform for all samples, indicating that a thorough 

mixing occurred at the outlet gates. Previous to the passage of the water 
~~ ‘these ga gates, and under similar conditions of silt load in the 1 river, 
& silt | content of the surface sample was about 78%; and the middle z 
No measurements were made during the turbid releases in September 
and October, 1935, or from April 22 to May 1, 1936. - Water was being — 
Teleased both from ‘the bottom of the reservoir and through the gate- 
_ Opening in the base of one of the intake towers 260 ft above the old stream 4 
; bed during the » April-May period. _ No turbid water came from the Arizona 
 eanyon wall outlet works which connected with the intake tower gate. 
= The muddy water P emerging from the low-level tunnel on the Nevada side 
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| question has been raised concerning the possibility of silt flowing 


‘PAGE, ON TURBID THROUGH LAKE MEAD 


the dine water from the outlet works on the side pre 
completely until after they had ‘passed the gaging station. During the 
period of this flow, the temperature of the water was 50° F from the 
bottom of the reservoir, 58° F from the outlet works, and 55 to F 
_ Recently, samples have been taken between the dam and the up-stream — 
coffer-dam, and another set approximately 4000. ft up stream from ‘the 
dam. silt ‘stratum near the dam has its surface at about Elevation 


650, whereas the silt surface farther up stream is about Elevation 695. ea 


: “over the coffer- dam. The top of the up-stream coffer-dam is at Elevation — 
720, the reservoir bottom at approximately Elevation G15 near. the da dam, 
in 
‘that the of the silt was at one time than the top 
of the coffer-dam and since that time has lowered » due to the — of ae 

: __ Temperature measurements recently taken near the dam a at the time of 


vation 650. From thie. ‘elevation the is 
tained until the bottom is reached. Measurements of specific gravity and 


electrical | conductivity also show pronounced increases nt near Elevation 650. bee 
A brief summary of these data is given in Table 


TABI TABLE 4. Wares 


above mean Clarity 4 in degrees (ohm 


sea level reciprocal) 


Although te: is not available to arrive at definite 
conclusions concerning the phenomenon, it is evident that, under certain 


conditions, silt-laden water will through * a reservoir without inter: 
mingling, although the length of the reservoir is as much as 100 miles. Piet i 


The silt that passes through Lake Mead is -eolloidal in character and 
differs greatly from the ‘type normally carried by ‘stream. 

conditions the silt is abrasive, dark in color, and so that 
98% of it will settle out in a 2- hr period. The silt that ‘passed 
through the reservoir like consistency, is lighter in ‘color, and 

—s is difficult to remove from the water ¢ even by filtering. It is the writer’ 3 

opinion that this: lighter material ¢ comes from localities where the soil is 


predominantly clay and contains a high percentage of salts. 
2 
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BLISS oN -TURBID WATER ‘THROUGH LAKE 


is earried to the river, generally, by cloudbursts. Its ability to pass 
the reservoir seems to be derived from its colloidal and chemical 
abrupt: change in n temperature at 650 in the waters near 
Ls the dam may be due to the silt stratum, but the increased temperature is 
7 possibly y due to the presence of warm springs. ‘These springs, having a 
temperature a high as 130° F, were encountered in the canyon during” 
- construction. The heavy layer of colloidal clay in suspension may have 
an insulating e ffect which tends: to delay rapid temperature diffusion. a 
Joun H. Buss, 2¢ Assoc. M. Am. 
sage of silty water through ie reservoir in a more or 
definite stratum, with little diffusion of the two, is a Phenomenon which : 
hss ‘not received much attention but which” merits l dy. 


: q occurrence through the waters of Lake Mead, and have suggested the pos- 
sibility of u utilizing such phenomena to reduce silt accumulations within 


the storage area of reservoirs. we 4 
Since its completion ‘in 1915, there been frequent passages of silt 


the Rio Grande was / comparatively low and the torrential discharge of P 


tributaries above the reservoir was. relatively | great. 


The Bilt- ‘seem to be chiefly responsible 1 for this 


Mexico, most of occurring in the summer fall ‘tls flow of 


u the reservoir; and the Rio Salado, which | drains retry area of about 1500 ‘1 
"miles: also west of the river and enters a few miles below the Rio Puerco. 
As their names imply (“ Puerco ” meaning soiled ” or “ dirty,” and 

“Salado ” meaning “ salty”), both streams carry extremely silty water of 
high saline content during periods of run-off. _ Analyses of the waters of 

a the Rio Grande at the San Marcial Gaging Station at the head of the 

‘Teservoir indicate that these tributaries may carry ‘ry 150 tons or r more of silt 

and a concentration of total dissolved salts of more than 3 tons per acre-ft 
of water discharged. — It is interesting to note that these two streams, par-- 
ticularly the ‘Puerco, have their sources immediately to the east of those 
>. arid r regions drained by the Little Colorado River and the southern branches — aos 
of the San Juan River, which latter streams the authors believed | to be 


the chief contributors of the finely divided silt” causing the turbid flows ' 
through Lake Mead. ih this connection the no oma reference to silt ‘Pe 


het 


one who has 
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BLISS ON TURBID WATER THROUGH MEAD 


a muddy torrentis al flow enter water has probably 
s served that the two flows 1 may often be readily cael for considerable 
F distances down stream. The San Acacia diversion dam of the Middle Rio SE 
Grande Conservancy District is constructed across the Rio Grande about 
_— two miles below the mouth of the Salado and ten miles below the to 
me Puerco. The gate-tender at the dam has noted several instances when the | 
‘a flows of these tributaries | have appeared at the dam practically unmixed 
— main river discharge. On one occasion, » the line of demarcation 


distinct as if they had been ‘separated It was further ‘stated 
that such tributary waters might appear on the right, or entrance, side of nae 
the channel, or they might pass under the main stream and appear on the 


Since 1931, officials of the Rio Grande the Division of 
Western Irrigation Agriculture, of the Bureau of Plant Industry, U. 
Department of Agriculture, in co- operation, have obtained and made « com- 
"plete analyses of the waters of the Rio Grande at several stations, including 
San Marcial above the reservoir, Elephant Butte immediately below th 
and Leasburg diversion dam about fifty ‘miles below. Although ‘the 

saline content of the water is the primary consideration in these analyses, a 
incidental silt determinations — have been made at the first two of these — : 


‘stations. Periodic: ‘sampling at these points, together with an endeavor of 
the U. S. Bureau of Reclamation to keep a daily record of all appreciable 
silt passages through the lake, provide the means of studying some of the aa 
details of these occurrences. L. R. F iock, Project Superintendent, has 
_ records of turbid flows through the reservoir for somewhat less than half — 3 
the years” since its. construction. There ‘is reason to believe, however, i 

there may have been | ‘other occasions when tributary waters have passed 
= the reservoir At times the "quantity of silt car- 

ried may not have been sufficient to be noticeable, | the clue to ‘such passage — 
being 2 an increase in salt « “content, of the e wa rater released from the reservoir. 

the six years that complete “analyses have been made of the 
waters passing Elephant Butte only five periods out: of more than twenty — 
i: ajor tributary discharges s were re recorded as silt flows through ‘the — 

(see Table 5). However, as the sampling period was monthly (since 192%, = 
weekly), the periods between the dates of sampling are long enough 80 that 


records have been obtained during periods. when silt flows of short -dura- 
tion might have passed through the gates. As an example, in 1931, monthly a 4 
samples” only were taken at Elephant Butte, » except that in September Ae 
-day flow of silt through the reserv oir was recorded. ‘During the latter 
part of September October of that year there were at least four 
q discharges which might have caused turbid discharge. At Leasburg 
4 Station, where eight ‘samplings were taken during that period (silt deter- 
minations not being made), all but one sample showed an increase in total 


had inereased 100%, the increase on other days of sampling being less 
marked. 


dissolved salts carried. On October 12, the salt concentration of the water 
Tah, 


The data are not conclusive, because the discharge from the ee 


—— 
— 
— 
— 
wu 
me 
| 
| 
| 
| Te 
SS 
—  «C| 
— 
— 
— 
— 
— 
¥ 


: 


1931 

September 25-Oc- 
tober 23, 1931. . 


29-30, 1932 


une 1933. 


‘July August, 1933. 


Ay September 14, 1933 


August +6, 1935. 


tay 


August 21-22, 1985 


| 


wly-September,, 
936 


Silt, in | 


Elephant 
tad dates 


att 


Remarks 


September 22-23 Average silt, 55 tons 


and 


August 1 1 


June 23-30 


100 


| 


25-26 


per acre-ft.; salt, 1.42 
tons per acre-ft. a 
tons per acre-ft 
normal). a 

No record at Elephant 
Butte except sample 
of October 5, which 
showed trace of silt 
and slight increase in 
salt content; increas- 
ed salt content at 
Leasburg through 
most of period | (no 
silt record). 
© samples taken ies 
low dam 

Trace of silt and slight 
salt increase 


Nosamples belowdam > } 
during period. 

No samples below 
dam; water clear 
Elephant Butte, e, Sep- 
tember 5. 7 

Silt, 0-67 tens per 
acre-ft.; salt, 0.85- 
1.38 tons per acre-ft. 
(80 tons per acre-ft. 
normal). Increased 
salt content in water 5 
at Leasburg during 
period. 

No samples during 


period, 


No amples bel below 


dam 

Elephant Butte sam- 
pled September 1, 
and September 8; 
no record of silt pas- 

| Elephant Butte sam- 

| pled September 29; 
no- _ record of silt, 
passage. 

silt, 55 tons 
per acre-ft.; average 

galt, 1.64 tons per 
acre-ft.; (0.75 ton per 
 aere-ft., normal). 

Average ‘silt, 21 tons i 

‘per acre-ft.; average 
salt, 1.10 tons per 

acre-ft. (0.70 ton per 
acre-ft., normal). __ 
Not sampled below 
dam during period. 
Silt, 106 tons per acre- 


acre-ft. (0.75 ton per 
acre-ft., normal). 
No published record of 
any silt or salt flows 

_ Teservoir 


& periods of flow—about 75% of total discharge of river. 


Four rises of from 1 000 t 


cu ft per! sec from Rio Puerco; those from Rio Salado are ae 2 


5.—Data Recarpinec Trisutary Discuarces 
25-29, 1982... | 800 | 
august 30-31,1935 130 | 1.85 | 4400, 


on — THROUGH ‘LAKE 
reservoir was sharply reduced about September 19 and stopped “entirely 
October 5, thereby changing « considerably the reg regimen of flow at the Len 
Station; but the indications are that saline tributary fou 


= 


the w water below the dam appreciably. W hether this water was ‘silty or even 
3 murky is not recorded, but at least, there was not enough coloration Ab 


what extent of these two towed this | 


quantity « carried, silt has much the more ania effect of the two in in 

increasing the specific grav ity of the waters. There appear - to be instances, — 
however, in which flows have passed through Elephant Butte carrying in- 
salts and but but little or no silt. Although data 


settles from the influent in its ‘passage the lake, 
the dissolved salts to of the solution 

Mr. Fiock?® has temperature apparently has little effect 
upon the specific gravity of the turbid influent. The average temperature 
of the 1 waters ‘near the bottom of Elephant Butte is about 57° F, whereas Bs 


average summer of the into te reservoir 


is in a “direction opposite to that of the observed phenomena. sa 
F. Resch, Project Hydrographer, 
soundings were one period of silt passage age which indicated 3 
the flow beneath the clear waters of the reservoir followed a definite stratum 
with little mingling of the two layers. As the outlet gates are at the 4} 
bottom of the dam, it is probable that the silt flows” do occur on, or close re} 


to, the flow line through the lake. Leni 
‘The data, although not definite, indicate that it takes the turbid water 


four to five days to find its way through the reservoir, a length of 30 to — 
85 ‘suggesting an velocity under water of 0.5 ft per 
The to be Siem a study of the passage of silt 
the Elephant Butte Reservoir would seem to be: (1) That any discharge 
_ into the reservoir whose waters are of sufficient density, due to very = 
suspended silt (and also to salt), will potentially pass through it in an 
Pa essentially unaltered condition; (2) those flows which are below this mini- rig y 
mum will tend to pass through the lake, but will gradually lose their iden- oe 
: ti tity and may or may not. ; appear at the ‘outlet g gates; and (3) under certain 
discharges may their the reservoir, progres: 


Transactions Am. Union, 1934, Pt. 2, p. 472, 
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‘MONISH ON TURBID WATER “THR OUGH LAKE MEAD 7 
an salt content to mark their passage. These conclusions | 
tentative and are subject to confirmation by further investigation and study. 
a are substantially in accord with the authors’ findings, however. The 7 
aring of Conditions (2) and (3) upon the passage of appreciable quan-— 
“tities of silt through reservoirs is slight. pail of? di bos 
‘suggestion | that, by ‘Proper attention to gate the 


reservol 
& is one which should re receive considerable study. - It is ryt to, » and, 


quantities of silt might be prevented from settling in the reservoir area. 
= Under ordinary operating conditions, however, it is unlikely that enough 
change i in releases could be made economically to remove much additional of 
silt above that ordinarily carried through the gates. _ Furthermore, as no 
greater concentration of silt can be passed through a reservoir than appears — «= 
in the influent above, the resolves into one of whether 


whenever were at the outlet gates, conside 


valuable. nder certain in conditions, the of even part of the 
silt burden of a 
be advantageous, particularly in in those arid W where con- 
be sumption of large quantities of water for irrigation has resulted in i 
problem of rapidly aggrading stream channels which threaten t the 
very existence of agriculture along their banks, 
a A compilation of data pertaining to the quantity of water above and 
below Elephant Butte Reservoir since 1930, showing conditions at the time 
of appreciable tributary inflows to the is given in Table 5. 
data are not sufficient to show the sources of the rises, but those listed are 
to have come chiefly from the Rio Puerco and Rio Salado. The 
dates of such tributary flows, ‘their average discharges in cubic feet per 
second, and their percentages to total river flows as listed, are ord i 
zs values for comparative purposes only, the discharges being so variable and ae 
the time element so uncertain that exact figures are difficult to obtain. ‘Te 
data be made of changes in silt salt 
be 
cause of the « extreme variations of these quantities during the various 


of tributary flow. The need for additional and more definite ee 


Montsx,* Esq. (by letter) —The failure of fluids of 
densities to mix when flowing in contact with each other at appreciable 
| ee velocities has been recognized : as a problem for many years, but 
it is only comparatively. recently | that active interest has been shown in the bg 


rol * Assoc. Engr., National Bureau of Standards, U. S. Dept. of Commerce, Washington, — 
- C. Publication of discussion approved by the Director, National Bureau of panel : 
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WATER THROUGH LAKE 
ics, 
‘The aiheie of this paper are to be commended on a clear presentation ot 
earefully collected data. Workers in fluid dynamics have made mathe 
matical analyses of the stability of streams of superposed fluids of different 
a and it was along the lines suggested by one of these analyses th 
the writer attempted a study of the data presented in this paper. anita 


vil a of any two fluids of 


which dimensionless coefficient which exceeds a certain value when 


no ‘mixing occurs; = the density gradient between the fluids; the : 


velocity. ‘gradient between the fluids; p the density of the fluid at that 
element at which dp and du are taken; orn = the acceleration due e 


criterion cannot applied directly to the problem at ‘since 
the density and velocity gradients are not obtainable from the data. Hence, 2 
iti is necessary to modify the criterion so that it will be expressed in terms of 
observed quantities. Linear» velocity and density gradients were assumed 
some characteristic (but unspecified) length, obtaining instead of 

modifying the criterion n by the factor, — ;, 


- in which U is the 1 mean relative velocity between the two fluids and Ap is 


wo familiar dimensionless quantities. = oo) 


t 
(4) will be recognized as the produet of a Froude number and a . density dee 
t 
Since L is not determinable from the data, it was postulated that it is we 


dimension similar to Prandtl’s ‘‘mixing path’, or the distance through 


which a - particle of fluid moves into the surrounding fluid when effecting ba 
transfer of energy, ' and that this distance is dependent on the mean velocity, — 
‘= of of the current, , and the kinematic viscosity, | ” , of the liquid bates 


wlewe 


“ Binfluss Krifte bat die von L. Prandtl, Vortige aus 
= dem Gebiete der Aerodynamik und verwandter Gebiete, p. 1, Aachen, 1929. 
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which k is a numerical constant. This expression merely amounts 
a assuming that the Reynolds number for this phenomenon is constant. Sub- a 


-—stituting Equation @) for L in Equation (4) and again absorbing the con-— 


= the ‘density « difference between the and 
water in the reservoir ; p = the density of the lighter liquid (reservoir water); 
and, = = the kinematic viscosity of the lighter liquid. 
"Again taking advantage of the fact that all observations were ae in 
the same reservoir | and on the same liquids, Equation (6) can be further — ; 
V3 simplified by absorbing the constant quantities, g and », in the constant. aa 
a Recognizing that any particle which is entirely borne, ‘surrounded, and sup- 3 


ported by a liquid over the range of action studied should be considered a 

part of that and as the ‘properties of that — could 


i 


e be computed from the data | given, but it is 5 sufficient to note that this ratio 


is is expressed \ over tl the of values of 


ae 


i e ‘total s sample; 
and k, = 

the form of some given in the data studied. 
1 Sm any given channel, U will be dependent on the fou, the exact pro- 


- portionality being unknown, but unimportant for immediate purposes, ne 
_the order in which the values of the final criterion and of the critical number — 
«arrange themselves will be unchanged by any relation that may ie logically 
be assumed. As a matter of convenience, the relation was assumed that a 
would hold d if flow were in with = law, ~ or, 


merical constant. Substituting (7) and (8) jin (6) 


(absorbing the constants, ky and ks in ates 

in which h Cisa numerical criterion of mixing, 

pea peak flows were selected from Fig. 2 of the paper and was ‘com- 


‘pl at by Equation (9). The results are given in Table 6. , It will be noted © 


200 x 10-5, and, in each case, when there was a flow a at. Grand 
Canyon which was not a silt was 


— 
a 
id 
2) 
= 
at 
to 
im 
d 
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q 
3) pi. 
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xh 
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ae 


less than x Thus, he critical of for ‘the con- 


final of a full: or for some other r reservoir, will not 
= oe = sarily lie between these same limits, but the same form of criterion will hold. 


j 


‘4 


flow at percent- 


Grand age of 
Date | Canyon, silt cx108 


second | Canyon second | Canyon 


March 18.| 7440 | 1.72 | 230 June 16..... 102000 | 1.09 | 10.7 
April 11...| 15800 | 3.16 | 200 | Yes || August6....| 13000] 1.82 | 140 
May 18...| 25100 | 1.52 | 60.6 | No || August 26...| 13000] 4.81 | 
May 24..-| 31600 | 1.48 | No  ||September4| 13000] 5.02 | 
50200 | 190 | 37.8 October1...) 177 | 
_ An analysis of ‘recorded silt flows through Elephant Butte Reservoir, oak 


a New Mexico, for 1919, 1923, 1927, 1929, 1931, 1933, and 1935 shows that -— 
: same form of criterion applied to that reservoir for each of these years ex- os 
cept 1929. The eritionl value of found for "this reservoir is approximately 


in part to the different sizes and settling rates of the the silt particles entering 


great enough to cause a silt flow through the: re reservoir with a ‘comparativaly_ 
‘The criterion as used is dimensional and is not unique, and, therefore, 2 


the two reservoirs. A river that carries a large ‘percentage of fines in its 
silt load would not drop as much of its load on entering a@ reservoir as 
carrying a smaller percentage of fines and, hence, would maintain a density 


is not a true criterion in the strictest serise; nevertheless, it is felt that the 
significance shown by the ratio, in the cases tested ‘eatirdy 


the bottom gates of are now closed” oil in “al prob- 
“ability, the quantities of water discharged will never be great enough to eee 
raise the silty water to the outlet towers in easily detectable quantities, 
would be necessary to detect a silt flow through the reservoir in some other 
‘manner, and there is no reason to believe that such flows will not occurin 
“er future, the muddy water forming a submerged pool near the dam . This 


the river water is. warmer than the bottom reservoir water) by lowering a 
resistance 2 thermometer. it was desired to study the application of 
a Prandtl’s theory of flow as quoted, or some of the similar theories, it would ‘ 

necessary to velocity and density determinations over cross-se- 


tions of the current and the immediately 
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FORESTER ON TURBID WATER TaRovcH LAKE ‘MEAD 
best of the writer’s no device has been for indi. 
B: cating on the surface the density of water at any considerable depth, it is — 
“necessary to resort to sampling for density determinations, which would 
allow analyses to be made to determine what caused the density difference 
| aad from bore tributary’ or part of the system the contributing causes arose. b> 
i, 
4 the life of a reservoir by training silt flows throwsh it ment postr wait o a 
a fuller understanding of the phenomenon, an understanding to be obtained 7 
only by careful observation and study of such phenomena whenever and 
“wherever they occur. Theories and laboratory studies must be substanti- 
by field data before full reliance ean be placed on them, 
- - The authors mention the flow of unmixed or of partly mixed river water © 
Lake Mead. This is entirely in accordance with theory. As may 
c le seen from Equation (2) the vertical distance, 4 Y, over which density and a 
velocity gradate, may have any value from nearly zero to infinity. Con- _ 


in as stable current: would be accelerated, 


of and | were ‘such that stability 


not be seached ‘a second time, and one would the case of a silt fow 
_part of the reservoir followed by mixing and ev entual deposition 
an intermediate point between the ‘Tiver and the dam. Mead 


4 ‘The author’s s estimate of the silt carried through Lake ‘Mead “f the re- 


ng fine ‘silt, due to. the on the bed of the 
‘fine particles carried in the turbid w ater. The method used by the authors bed 
of subtracting the load scoured from the river bed below the « dam from the 


total load carried by the silty water gives results which are e low by y an appre- 


Forester, Am. | Soc. CE E. (by letter) —The passage 
turbid waters: through reservoirs is a which has seldom been 
considered and, in fact, generally not known. Quite often it is assumed a ' 
that the discharge of turbid water or silt through the discharge’ gates has 
been the result of current changes and slides within the reservoir. — The 

flow of turbid water with its apparent resistance to mixing is a common 
Securrence in settling or clarification: water treatment 


to 
veeords of ‘the treatment Boulder City, with 


re a intake approximately 1000 ft down stream from the discharge portals, 


8 “Experimental Study of the Scour of a Sandy River Bed by Clear and Muddy © 
_ Water”, by Chilton A. Wright, M. Am. Soc. C. E., Research Paper No. 907, Journal of 
Research, National Bureau of Standards, Vol. 17, No. 2, 1936. 
With U. Bureau of Reclamation, Yuma, Ariz. “9 


be 
3 
— 
— 
on 
— 
348 
q 
Ris; 
were satisfactory, the writer could distinctly see the flow of turbid water * 
along the old river channel when observed from an altitude of 300 or 4 7 a 


ON TURBID WATER THROUGH MEAD 


closely confirm the observation at the Willow Beach station. 
These records do not, however, indicate a : noticeable variation in the poor 
_ hardness content of the water during the periods of high turbidity, redimalye 
sis of Colorado River water since _ February, 1935, have recently bessine 

: available for pt public inspection in the offices of the U. S. Geological Survey. 58 
These analyses show wide variation between the inflow to Lake Mead and a 
the outflow from Boulder Dam. During the first year of storage in Lake — 
‘Mead ‘the range of the total dissolved solids at the Willow Beach gaging — 
station was 57% of that at Grand C Canyon. During the second year the 
range: was 39 per cent. The first-year range at the Grand Canyon ‘gaging — 
ot ‘station w was as from 242 ‘ppm to 1332 ppm and, at Ww illow Beach, from 276 

- -ppm to 897 ppm. During the second year, the range at Grand Canyon ras 


nad ppm to 215 “ppm and at Willow Beach from 393 to 762 


‘the beginning of thé second 3 
dissolved solids and the e suspended solids sind flowing from 
rn lake appear to vary in somewhat similar manner and both indicate that 
the mixing action between the inflowing water and the water within the 
“reservoir is not pronounced over a short time period. 


Pa. statement by O. A. Faris, M. Am. Soe. OE, 31 that the flow of silt Fe 
along the reservoir bottom is due to its “havi ing a greater specific gravity 


‘than the main body of ° water in the reserv oir, would appear to be conclusive. = 
ee ‘the discharge of turbid water does not occur at all times. At ie 
Mead, from March 1 to October 3 1935, the inflow never Tess 
i 0.11% by ‘weight (1 100 ppm) of suspended solids, the maximum being a 
5.09% (50 900 ppm) and averaging 0.91% 100 ppm). outflow sus- 
solids content varied from 2 16% to 0. 002%, averaging 0. 17%, 
‘indicating a deposition of | 0.74 per cent. periods of ‘maximum inflow 


‘of suspended solids and corresponding mexinum outflow, the indicated 


From: ‘Present available information it would appear the of 


turbid w “water through a long ‘reservoir is dependent u upon the quantity of 
' _ suspended d solids and their particle size. ‘The degree of concentration would ie 
directly affect the specific grav ity of turbid water. The flow would also 


be affected, a lesser degree, temperature “conditions and perhaps: by 


Comparison of deposition of the various particle sizes was net given by 
authors ; however, it is reasonable to ‘thet deposition of suspended 

solids would be i in proportion to their size. 
Any s steps which may ultimately lead to the and conserva- 
tion of original r reservoir capacity cannot be otherw vise than valuable. It 


is the writer’s opinion that other economic values, especially - in irrigation ee: 
and municipal supplies, usually would outweigh the advantages secured 
increasing the silt discharge through. the normal, or low-level outlets. 
Western Construction Vol. XII, No. 6, June, 1937, p. 220. 
Transactions, Am. Soc. C. E., Vol. 101 (1936), p. 251.0 
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LEWIS on TURBID W ATER. ‘THROUGH LAKE MEAD 


9. (by letter). Several features treated in this paper 
ae been described by the writer in connection with similar occurrences _ 


_Africa.** It should t be noted that for several year years past the 
standard practice at Lake Arthur Reservoir has been to remove a portion 

4 of the incoming silt through the valves during the flood by a process which _ 
termed “bottom-flow tapping.” There cannot be the least doubt: that 

.: in certain circumstances there is a flow of floceulated silt — along the bottom 
of the reservoir under the comparatively clean | water. Observations as to 
“the: conditions of the actual flow along the bottom at different points along 
its course are exceedingly difficult, especially in the case of © reservoirs in 
South Africa which are fed by very flashy floods in intermittent rivers. 
As far as local observations | have gone, it appears that in small floods the b . 
depth of the flow of concentrated silt along the bottom is ‘seldom greater 7 
than 8 ft within 0.75 mile from the dam walls, and its velocity is probably © 
less than 0.5 ft per sec. The analysis of the silt that reached and passed 
c through the valves given in Communication No. bail showed that ‘most of . - 


was flocculated clay. After deflocculation, 78% consisted of particles of — 


smaller diameter than 5 microns, “nd of ‘these: of 
= 


; The first conclusion one is inclined to draw is : that bottom flow is essen- 

is tially associated with ‘floeculated and observations 

e. i in Communication No. 5, , Suggest some reasons why bottom flow should be _ 

possible with floceulated clay in certain. states of concentration. When the 
= 


floeculated clay, in concentrations greater” ‘than a a lower limit which 
g ~ ne lies between 1.5% and 5% and less than an upper limit which is about 25Yor 
‘it appears to with the water enclosed a separate mobile liquid with 


‘a defined boundary. It is possible that in concentrations greater than the | 
_ lower limit the flocculated particles are so close together that they orl 
capable of some cohesion, _whic h increases the concentration. increases 
and makes the e: escape of the enclosed we water more difficult - and the settle- — 
ment of the particles in still water slower. While the flocculated- mass is _ 
_ between these approximate limits of concentration it has a mobility which 
permits its flow as a with a sharp boundary su surface. 


_ Flow becomes very sluggish and suddenly almost ceases near the e upper — 
‘limit of “concentration, which the writer termed the ‘ ‘critical point, 


and the | concentration at this critical point is generally about 19° Tb per ¥ 


cu ft. " At this point tl the process of settlement might be said to give way — : 
to a process of compaction. 1. In concentrations less than about Be 5%, the 


“top particles settle at a rate of about 2 2 ft ‘Per hr without impeding each 
other and tl they pile up on the bottom into a ‘mass whieh’ is probably 1 not 


of Union of South Africa, Pretoria, Union of South Africa. 


= 8 Communication No. 5 to the Second Congress on Large Dams, Washington, dD. a, a 
1936, entitled Silting of Four Large in South Africa.” 
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LEWIS ON TURBID: “WATER THROUGH LAKE MEAD 
“concentrations between 15% and 5%, a sharp : surface meme: at a position 
con greater th 
“independent settlement of particles is possible e even at the top; the silt 
settles as a whole with a sharp upper surface. If the liquid entering » ‘the at 4s f 
"reservoir, and having a concentration flocculated silt greater than the 
lower limit, ean glide smoothly under the clear water already in the 
reservoir without dispersion or mixture with the clean water (which would — A. 


reduce the concentration to less than 1.5%), then it is possible to picture — 
the mobile liquid flowing along ‘the bottom of the reservoir with just ma 
sufficient turbulence to prevent ‘settlement, and a concentration beyond the in 
“critical point” of about 25%, until it is checked at the dam, if no great a 
discharge is taking place through the outlets of the dam. There, in the oe 
_ stiller water, settlement will occur, and the time of settlement to the 
“critical point” is ‘represented by the formula: an wads 
which t is the time « of settlement, in hours, to the ‘ critical. 
ae the initial concentration, expressed ‘as pounds of “dry ‘silt in 1 eu ft of ee 
silty water; and is the original length of the s ae column, in inches, 
If the silty ec concentration is not drawn off within this time, the mass is 
will lose its mobility and will not flow through the outlets. A certain a 
degree of concentration by settlement at the dam wall is necessary other: he 
wise, “unnecessary quantity of v water will | be wasted in getting. rid 
of the the silt. In the actual ‘practice of flow tapping at Lake 
Arthur Reservoir (although, actually, maximum of 25% concentration 
been obtained in the liquid extracted), in endeavoring to secure ‘the 
maximum extraction of silt with the minimum wastage of water. by 
regulating the opening» of the bottom valves, it has. seldom been possible 


achieve a greater concentration than 15% over a long period. If, 


‘ - therefore, the water entered the reservoir with a concentration of 5% of a 
-floceulated clay, it would be necessary to waste about one-third of it in order pe 
to get rid of the silt that reaches the wall by means of bottom-flow oe 
tapping; bet: it should be remembered laser? even if this silt had remained — 


With the foregoing picture of process. bottom-flow “tapping in 
_ mind, » it is interesting to examine Table 1 1 and Fig. 2 of the paper. In no 

was there any bottom-flow discharge when the percentage of suspended — 
_ matter entering the reservoir was less than 1. 7 per cent. _There was no such : 
discharge during the four months of high from May to August; all 
the discharges were » during small floods in the re remainder of ‘the year. . This es 
might be due to the fact that the saline content of the water entering fs | 
“reservoir was sufficient to cause flocculation ‘during latter periods, 


not during the former period, as would be indicated 
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bottom flow. _ According to Table 1, if the last Six | days of August, which ‘a 
had their effect in ‘September, are excluded, on only eight days in the 
four summer months did the concentration 15 per cent. The high- 
est concentration during this period was on » June 2, namely, 1.90%, and 
as the flood at that time was about 50000 cu ft per sec, it is possible that 


even if the clay were flocculated, the turbulence on entering the 


would have been sufficient to reduce the concentration to less than 1.5 
dt is ‘assumed that throughout 1935 all the discharges occurred through 
— outlets very low in the dam, which would permit extracting the silt below — 
oo level at which concentration would occur in still water above the dam. 
‘= ‘It is understood that, at a later date, all discharges were at a much higher 
devel, and if the foregoing “ picture’ ” is correct, it is to be expected that 
bottom- flow discharge ‘will not again take place until the reservoir has 
been filled with settled silt nearly to the level of the outlets that are in use. 
(as In view of the nuisance that such silt may be when the water is drawn 
off for domestic purposes or for driving turbines, a practical consideration 
is: that it is desirable to have low- level valves that can be opened sufficiently — = 
to discharge at a concentration of about 15% when bottom flow is taking 
place, and, secondly, that when clear water is required from the ‘Teservoir 
‘for domestic or other p purposes reliance should not be placed solely on 
- yalves at low levels which might tap the bottom flow, but a series of valves | 
should be provided at such levels that clear water can be at 


vas 


many reservoir hive. surveys made by 
Studies, Division of Research, United States. ‘Soil Conservation Service, 


should throw considerable light on the subject of the passage of silt-laden __ 
through reservoirs. It would seem that, if this _silt-laden water 
passed through the reservoir as an underflow. or density current along the 
bottom, the distribution of silt within the reservoir would. be entirely 
than if it was diffused generally with the water already stored in 
‘Teservoir. Tf this ‘phenomenon of underflow appeared only 1 rarely, under 
certain ‘special conditions, but occurred where these special conditions: = 
~ volved very heavy silt loads, the arrangement of silt in the bottom of the 
reservoir should indicate this condition also. 
5 Fifty- five detailed reservoir surveys, distributed fairly well throughout ¥ 
a 


the United States, have | been made — in the three years, » 1935, 1936, and 
1987. The objectives of these surveys did not include the study of under- i - 
i flows or density currents so that any evidence found on this subject ‘a 


_ ‘Hisidental. A thorough analysis of this mass of data and a gathering of 


_ “Asst. Head, Sedimentation Studies, Div. of Research, Soil Conservation "Service, 
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DoBsoN ON TURBID WATER THROUGH MEAD 
exhibits to prove certain was not the object examination, 
* Ag the intention being rather to review these di data and, in a general way, to 
- reveal: what they indicate as to the existence of this phenomenon not only 
in the Southwest, but in other sections of the United States. Several of 


these reservoirs are too small to be of any benefit in this study. Some ae 


others a are of such pronounced “channel” type that they are re of little value 


in studying this distribution of silt. are a sufficient num- 
- ber left to give a fair picture of the conditions throughout the country, 


Sufficient time has not elapsed | since the impounding of Lake Mead to 
warrant a silting survey, although a complete original-capacity, contour — 


for this purpose by the Soil Conservation Service. 


A detailed “survey of Elephant Butte Reservoir was made (1935 in co 
operation with the U. S. Bureau « Reclamation. This reservoir has been _ 


_— by a number of writers as the outstanding example of underflow = 


7 


+ In studying the profile of Elephant Butte Reservoir, showing - the maxi- 
of silt above: the valley” floor, it is noted that use of ‘the 


this section of the profile. 7 hus about 28 alee upper part 
‘4 of the profile is eliminated, leaving ‘about 15 miles from the lower end of 
ber narrows, which are about five miles long, to the dam where the dis- yA 


__ tribution of silt should show the effects of density currents if they exist. 
At the lower end of the narrows the maximum depth of silt on the valley — ei 
floor is 30 ft. This depth decreases to 12 ft at a point 7 miles down 
stream where it begins to to increase somewhat irregularly reaches 
depth of 20 ft just above the dam 

ide The most noticeable point, however, in the arrangement of silt in this 4 
reservoir is shown on the cross-sections taken between the dam and the : 

‘narrows. - Regardless of the depth of the ‘silt, or the width or shape of the 

cross-section, the upper surface of the ‘silt is practically we oe ee 

Pausing for a m moment to consider what one would expect to find in the 
distribution of silt, it would seem that, if the silt-laden ‘water ‘flowing into | 


_ reservoir entered into” general diffusion with the water : ady stored, a 


section across: the reservoir should. show a distribution of velocity which, 

at would be somewhat similar to that within a section taken across 

the river above its entrance to the reservoir. ‘The area of the reservoir 


- prevent be so large compared to the area of the river section that SB 


tl the resulting average velocity would be very low, and it would be difficult ae 


even to surmise whether difference between maximum and average 


ee more OF less pronounced than within | the river section. 
_ Furthermore, it would seem logical to suppose that the p part of the reservoir o. 


& section formed by the submerged Fiver channel would affect the distribution 


of these v velocities, but that this effect would become less and less. as the B 
sit 


reservoir sections became larger. the case of a meandering stream 
channel in a submerged alluvi al bottom, where the channel formed on only a ‘s 
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emall ‘percentage of the total reservoir cross-section, the influence of 
Gane would be lost, and the slow currents moving down the reservoir 

; aa tend to take the sk shortest route, disregarding the meanderings of the 

channel. If this is true, the | depth of silt within a cross-section would 
o affected considerably by the depth of water although not necessarily — 
‘to it; probably it would | be m more proportional 


a tendency fee the platen; the fill faster” so 


- that the upper surface of the silt would tend to approach a level line 
pct 7190.0. others thie nut 


Mi ‘toll the silt- laden water were to pass through the reservoir as an under- _ 

es flow, | it would seem very probable, because of the greater density, that at 

any section within the reservoirs this underflow would fill the low places, 

and its upper edge, if it were clearly defined, would be level from bank 

to bank. If, as supposed, these underflows occur only at flood time, they 

would be of sufficient volume to overflow | the ‘submerged channel, but the 

_ eross- —— area of the underflow would form only a small part of the 


it seems probable, the would follow 
submerged stream channel even in its meanderings in a submerged 
“alluvial valley. Deposition 1 of sediment from an underflow would 


- doubtedly occur more or less continuously in its flow down the reservoir 
ad, on a cross-section, the depth of this deposition should bear about the 

‘relation | to the depth of the underflow that ‘would to the total 

: depth of the reservoir in diffused flow. Here, again, there would be a 
to ‘fill the low places faster, causing the surface of ‘the silt 


ease, the woudl be much stronger than in the 
would seem probable that in a comparatively short time underflow 
. conditions would produce a a level floor of silt in the reservoir, while in the 
- ease of a diffused flow, the tendency would be so slow that it might not 
this | condition until the reservoir was practically full of 
> a Because of the ‘great difference in the ‘effective 1 velocities in these two 
ie of flow one would expect to find a marked difference in the longi- 
= distribution | of t the silt. The low velocities of diffused flow should — 


produce heavy deposits: in the ‘upper part of the reservoir gradually de- 
_— ereasing in depth, possibly extending all the way to the dam. The pattern = 
. would depend, of course, on many factors, such as the length of travel and 
- general shape of the reservoir. . The higher velocities ‘of density flow would — 
be expected to carry the silt much farther into the ‘Teserv oir on an average — 
and Probably all the way to the dam, it might even the deepest 
Since the level floor of silt most striking feature the 
survey of Elephant Butte Reservoir, this: condition was looked for in other — 


¥ reservoirs. In only two | other cases was ; it found to a pronounced degree. 
- examples were the Gas Carlos Reservoir, on Gila River, in Arizona, 7 
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DOBSON 0 ON TURBID WATER “LAKE 
the Gibraltar ‘Reservoir, near Santa Barbara, Calif. ‘Another striking ral 
feature e was noticed in the profile of the ‘Gibraltar Reservoir. _ This reservoir 
reasons somewhat to those described for Elephant Butte, but 
in the lower 7000 ft, the depth of silt increases down stream from 27 ft ae 
to 85 ft at the dam. _ The gradient of the channel in this reservoir is very 
steep which probably accounts for this rapid increase in silt toward the 
dam. The lower 7000 ft of this ‘Teservoir | seems to be rapidly approa ching 
a level floor of silt longitudinally as well as transversely. The down- ‘stream ; 
slope of the silt is only about 0.00076 whereas the 


ae 


near Emmett, Idaho, where the cross-sections show 

deepest. of silt ‘the points of greatest depth, 1, and where these 

depths of silt are only slightly greater than proportional to the total depth 

of water. ‘This condition is shown generally throughout the reservoir. 

profile, heavy deposits are found in the upper parts of the reservoir as aS 
would be of load. ‘These 


—_—_ Region | in the Southeast, is sa distribution. of ‘silt indicating in 
general a diffusion of the ailt-ledan water with the water 


ws. It must be admitted that Sin is not very ‘pro 
“nounced and might be due to other causes. In many of these reservoirs, 
without regard to length, or the varying shapes of the cross- sections, the 
profiles, when taken” along the thalweg or lowest points of the submerged 
-ehannel, show a surprisingly constant depth of silt. This is generally 
true regardless of the meanders of the channel in a submerged alluvial — 


plain. On the | cross- -sections the depth. of silt within the aubenenged 


diffused flow. Outside the channel, the distribution | of sit 
seems to be nearly proportional to the depth of water in the reservoir, 
but. there are some places where deposition on the banks of the a 7 
? channel is greater than at other points on the valley floor, indicating that ; 
there is some tendency of the silt to deposit in formations similar to 
“natural levees characteristic of the banks of alluvial streams. In a few 
cases, this heavier deposition was found on what appeared to be a natural 
“levee in the original bottom of the reservoir. One “explanation of this 
might be that for some unknown reason 1 the > velocity of the underflow < 
these points was greatly decreased, resulting in an enlargement of its 


cross- section and the overflowing of the ‘channel with a still 


— 
— 
ean a _ Aside from these three reservoirs, the surveys show no marked cases of ~ 
q 
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near banks. However, as these apparent natural , ley ees ‘silt 
— 


in profile of the as emerging from a 
deep pool, is parallel to the silt surface, which shows as great a depth a 
the high point as at the low. If the distribution of silt in a reservoir was) 
greatly affected by mass flow of the silt itself, it would be expected that the — 
pools in the original channel would be filled and the high points would 
show less silt. | Further evidence bearing on this question of mass flow 
of the silt is to be found on the cross- sections of the gre great majority of 
these reservoirs where almost uniform layers of ‘silt of depth 


‘The phenomenon discussed in tile paper is too little understood by 
the: Engineering Profession. . The authors have rendered — a worthy service 
in subject in such a thought- provoking manner. 
W. Rupey,* Ese. (by letter) The flow of muddy 
; -@ cold water through lakes is” of interest to all who are concerned with 
the natural processes of streams. The formation, in 1937, of a committee i 
ot the National Research Council for the s study of density currents is ¥ 
evidence of the wide interest in this subject among engineers, physicists, — 
and geologists. To geologists, bottom currents through bodies of standing | 
water are important | because, if. ‘such currents” are common to- 0-day, they 
; ‘must have influenced materially the character and distribution of ci 
- deposited on (or swept from) the beds of lakes, estuaries, and seas in the 
“past. ‘The best means of appraising the importance of these currents in 
the past is a knowledge of the conditions that accompany their formation — 
to-day. ‘This paper with its data on muddy flows through Lake . weet 
thus a very welcome contribution. vig Smiley 
From what is known about the conditions that determine fluids 
of different density will mix turbulently or - flow separately, it appears that, 
for simple homogeneous ~ fluids, the controlling factors are the differences 
a density and velocity of the two fluids,®* and that, for complex grada-— 
tional fluids, the controls” are the density and velocity gradients 
2 - The available data for Lake Mead reveal “nothing whatever about the 
thickness of a possible transitional layer ¢ or layers between lake 
“muddy current. - Studies in progress by the U. S. Bureau of Reclamation 
at Lake Mead, and | by others elsewhere, should eventually furnish ae 
eb information on this point; but “until this information has been 
assembled, it seems permissible to consider the lake water and the muddy 
current as two essentially homogeneous fluids, ae of which has an : 
U. S. Geological Survey, Washington, D. Cc. 
™“ Handbuch der Ozeanographie,” by O. Kriimmel, Vol. p. 62, 1911 


_ “On the Stability of Superposed Streams of Fluids of Different +. ow! by 8. 
Goldstein, Proceedings, Royal Soc., iaqpeen,'¥ ol. 132, Ser. A, pp. 524-525, 19 
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y difference between a is 


great “velocity low enough, the two fluids are 


separated by a surface on which waves move the 
velocity or 


determined by same gove ern w vind: at a water 
, surface* and current ripples on a sandy stream bed.*® At high winds the = 
; tops of the v waves break into fine spray; at high current velocities the sand 
ripples are swept away and the sand is picked up and carried along, mixed 
with the stream water. Just as the differences of density between muddy 
nts" and lake water are much less than t the differences of density 


tween water and air or between sand and water, 0) the critical velocities 
cause instability and muddy should be much 


that Lake Mead i n 1935, but ‘published ‘and un- 
published records of the U. S. Geologica Survey and the Bureau of 
Reclamation afford a basis for computing approximate densities of the 
-inflowing and outflowing g waters. Inasmuch a as water densities were almost. 
_ certainly one of the fundamental factors that controlled the existence of ; 
muddy currents that year, these di data worth recording in | connection 


principal variations in 1 density or specific gravity of thet river water 


those caused by 
the basis of 0.996 gram per cu em for ‘Pure water (at 84.2° F) and ee 
= per cu cm for suspended solids,*° agree e fairly well with the authors 4 


observed values (see Table 2), giving a maximum disagreement of 0.0022 
= per cu cm, and an average of about 0.0010 gram per cu ¢ em. (These — 
disagreements | are probably due, in part at least, to differences: ‘in salinity. 


Assuming these. densities for water and solids, 1 % of suspended matter A 
_ should make a density increase of 0.0062 gram per cu cm, 3%, an increase a 
ie. of 0.0188 gram per cu em, and 5%, an increase of 0.0217 gram per cu cm. Was 


7 Two other relatively minor causes of variation in density of the river — 
water need to be considered—salinity y temperature. ‘The effects: 
salinity were estimated (see heading in paper, “ Dissolved Matter on the 
assumptions that daily sulfate determinations are approximately propor-— 
tional to total dissolved matter and that total salinity affects: density about — 
the same a as s if it were all sodium sulfate (0. 0011 gram per cu cm Bede 


 %* The Physics of Solids and Fluids,” Section by L. Prandtl, pp. 225, 266, sane a 
1930; also, “‘ Physics of the Earth, V Oceanography,” by N. H. Heck, M. Am. Soc. C 

and others, Bulletin, National Research Council, pp. 207, 212, 1932. et Bk a 

On Ripples and Related Sedimentary Surface Forms,” by W. H. Bucher, “American” 3 
Journal of Science, Vol. 57, 4th Ser., pp. 165, 178-179, 199-207, 1919; also “Treatise on 
Sedimentation,” by ber H. Twenhofel and others, pp. 458-460, 1926. 0 4D j 


 @ “ Denudation,” * by R. B. Dole and Herman Stabler, M. Am. Soc. C. E., Water Supply 
Paper 234, 5. Geological Su Survey, Dp. 80, 1909. ve 
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4 1000 ppm). The resulting estimates of density are believed to be in error 
“a by not more than 0.0006 and commonly about 0.0003 gram per cucm. 
Observations temperature of the river water at Grand Canyon 
: eaten Station began April 20, 1936, and ‘unpublished records are avail- _ 
able from that date through $1, 1987. 20 to 
Tal 31, for which t there is a2 


closely comparable water temperatures day by and it seems fair, 


Temperature, Salinity, and 
Suspended Matter 


Approximate Density, in Grams 
per Cu Cm, Computed trom © 


Willow Beach] 


ning 


= 


Gaging Station 


Mean Velocity, in Ft per Sec, 


at Grand Canyon 


Fic. 6.—ComPv TED DENSITY AND Vetocrry oF Warer AT Gactxe Srations on 
CoLoravo RivER ABOVE AND BELOW LAKE Marcu 1, To OcToBER 31, 1935 


September 1, and from to 52° between September 4. and October 31. 


Densities estimated from antlers, rates of temperature change between 


these respective - dates show a maximum of 0.0006 and a mean departure — 
— of about 0.0002 gram per cu cm, from densities estimated from the detailed — 
7 temperature records. For the W illow Beach Gaging Station below i . 
Mead, the wate er temperatures ‘used were the water discharged 
from the lake during the same 


combining effects of the three variables (suspended matter, 


ates, ‘and temperature), the “daily densities of the water at the two 


Be - gaging stations above and below Lake Mead were estimated for the period, 
4 March 1 to October 31, 1935. These calculated values of density are 


See Fig. 3, p. 737. 


— 
4 | manner in 1935. The detailed records show fair agreement with uniform ia 
changes from 43° to 75° between March 1 and July 1, from 75° to 81°. 
f a Willow Beach Data Shifted Seven Days to Left | 
at 
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about 0.002 and e 
Fig. 6 ‘that ‘density of the river water at the up- 
a ream (Grand Canyon) station | was no - the sole factor that caused muddy 
currents through Lake Mead. Likewise, the water discharged from 
_ lake between periods of muddy water is taken as representative of the Take — 
the difference density | between river water and lake water 
“the sole factor either. It is true that densities greater then Lon 
grams per cu em at Grand Canyon were always accompanied by muddy 
_ discharges through 1 the reservoir. However, from | the duration of indi- 

vidual muddy flows, it is . clear that, at times, 2s, densities of 1.005 to 1.008 
grams per cu cm (and density differences of 0.004 to 0.010) were suiciet, 
whereas on June 2, for example, a calculated density of 1.0104 grams per 
eu em and a ‘density difference of 0.012 grams per cu cm were not not Ge a 

re ee course, these densities 0 of the rapidly flowing water at Grand Canyon 

Station were not identical with — the densities of the same water in the ace 
_ slower current through the reservoir down stream. Important differences Fen 
are Suggested by the fact that the muddy discharges at W Willow Beach 
Seation contained considerably less | ‘suspended matter than was carried past 
Grand Canyon Station. _ This suggestion is confirmed by the fact that the 
suspended in muddy discharges at W Villow Beach consisted chiefly 
of particles less. than 20 par in . diameter (see heading, “ Sizes of Par- 

ticles”), whereas this finer sediment at times was only a small part of the a 5 

total suspended matter at Grand Canyon § Station up stream. . Evidently, 

“only the finer particles brought in by the river could be kept in suspension 


by the slower current through the reservoir, and the coarser sediment was he 


“dropped somewhere sheng way. 


reservoir were on the assumption that all particles at 
Grand Canyon la larger 20 microns in Gamoter (Fig. 2) settled out in 


= 


he muddy Sse | in March and April, ‘but differences of 0.003 to 0.004 gram 
per cu cr m did not cause mu muddy flows in June and ey! 
nn The param carefully show that the sizes of suspended matter at | ce 
anyon were determined i in th the laboratory from carefully d dispersed samples, — 
 ibewene | in the natural river water ‘the finer sediment was “partly flocculated 
into larger masses which settle more rapidly. _ Inasmuch as the salinity s 
“the river water changed | during this per iod, the degree flocculation pre- 
changed also. Thus, the finer material brought into the reservoir 
_ in June and August may have been | floceulated into larger masees that a 
dropped. by ‘the slower current, with the coarser sediment. 


density of the he muddy water it reached the reservoir, cam cannot 
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_ ‘STEVENS ON TU RBID WATER THROUGH LAKE MEAD 


estimated from the quantity and size of sediment at Grand Cany 


data on variations in the degree of flocculation 
‘Whatever may have been the effect of variations in the degtes 
flocculation, variations in. the velocity of the muddy currents: themselves 
were presumably a contributing factor in the formation of currents through — 
i; the reservoir, for the velocity of these currents would be expected to vary | 
somewhat depending on the density and stage of the incoming water. 
a However, relies estimates of rate of flow through the reservoir are difficult — 
ae to obtain from existing data. The earlier muddy flows of 1935 pencil 
a about 5 to 7 days, and the later flows about 7 to 9 days, to travel from > 
- Grand Canyon to Willow Beach. During this time the length of the lake = 
 inereased many miles, and ‘variations in velocity through it cannot be ei 
estimated with the degree of accuracy required to test their effect. 
Lacking reliable data on the velocities of currents through the lake, it — 4a 
~ seemed that the velocities of incoming water up stream might possibly be 
‘a factor in the formation of the muddy currents. Accordingly, 
yelocities at Grand Canyon Station were read from daily gage-height rec- _ 
These mean velocities (see Fig. 6) are probably fairly _ accurate 
because , during the period, February 26 ‘November -8, 1985, the cross- 
a section and nena velocity of the stream at Grand Canyon Station were 
‘measured on 117 days (from unpublished records: of the U. S. Geological 
a On comparing water densities at the two stations with mean velocities ia 


at Grand Canyon Station (Fig. 6), it is evident that low or intermediate an 
yelocities above the accompanied flows of muddy water through it and 
in general, high ‘velocities sccompanied the absence of such flows 
May and June. It is equally evident, however, that the mean 

velocities and densities at Grand Canyon Station afford : no no satisfactory 

the muddy currents. The period of 


densities were as great as, those that flows in March 
The herein is largely negative. The available data 

_ show no well-defined relationship between the existence of muddy currents 

_ Reoagh Lake Mead, on the one hand, and the density, density difference, 
or density and velocity. at. Grand Canyon,.on. the other. It seems clear 
that, in future investigations of the conditions that accompany = 
currents through a lake, direct observations on the degree of flocculation — 
of sediment in the incoming water, and on the velocity or the slope of | 
the muddy currents themselves, will also be 
0. Srevens,!? M. Am. Soo. C. E. (by letter). —In calling to the 
= of the profession one more interesting ‘phenomenon with 


“Cons, Hydr. Engr. & Koon), Portland, Ore. 
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4 to ENS ON TURBID WATER THROUGH LAKE MEAD 


‘can be taken to hold it intact in the basins? Can it be prevented from 
entering reservoirs, or can it be removed therefrom once it has entered! 

phenomenon interestingly deseribed by the authors is only oe 
of a great number of silt problems that should be “run earth” ” and 

controllable in some degree by human agencies. 
records of 1935-36 indicate that during moderate and low- water 

periods of inflow, a sh slug of fine silt brought into the reservoir by a tribu- 7 

tary may remain intact and pass ss entirely through ‘the r reservoir. At Lake 

Mead these slugs appeared to originate in the basin of the Little Colorado ig 

River. There is no 1 reason to doubt that the same part could be played by — 
the San Juan River or by the Virgin River if a summer cloudburst could. 

produce sufficient run- “off with an attendant quantity of fine silt. 

4 _ The spring floods on both the Colorado River and Rio Grande originate iF 

from melting snows in the “upper “reaches of the water- shed. The sedi- 
ments at such times are predominately coarser than those on the lower 
» tributaries. In June, 1935, the average daily load passing Grand Canyon ty 

~ was about 1800000 tons per day of which only about 400000 tons, or pate 

2%, was less than 20 microns in diameter. The flood of September 29 

a er 5, however, brought in a a maximum of about 2000000 tons per ee 


to October 
day, of which 1800000, or 90%, was less than 20 microns in diameter. yee 
oe The latter produced noticeable silt discharge whereas the former did not. te 

is hoped ‘that more re data will be published regarding the silt flow 

through Elephant Butte “Bho papers by Messrs. Lawson® and 
Fiock,* referred to by the authors, do give “details. The. writer is of 

opinion that if ‘the silt flows o of the past were compared. with up-stream 
summer floods it would be found that most of these silt flows follow floods — ¢ 
on Rio Puerco and Rio Salado, and, as in the case of the ¢ Colorado River, 
they will ‘not coincide the spring floods which carry the coarser 

‘There ap appears to be no 0 doubt that phenomenon o of silt discharge 

results from an intimate mixture of water and fines of such ceohereney 4 

that the specific gravity of the entire “mobile prism is increased until it me 

flows” along the lowest channel of the re reservoir, ‘quite independent of the e.: 

_ temperature differences between the reservoir ‘and flowing water. The 
slowness with which fluids of different densities mix has been well dem- et 

onstrated by experiments on both liquids and ‘gases ma de at the 

University of California. Diffusion among mixtures of varying densities 

apr appears that the stream of water-silt only: issued from the reservoir 

through the tunnels with entrances _at stream level. Since the tunnels 
were closed, no silt has been discharged, indicating that, at ‘the this 


- mixture has been unable to rise the 250 ft necessary to flow through the 


rq 


& 


gm 


— 


— 

— 

— here does silt 

— «C| 

in 

> 4 

i a 

— 

| 

— 

— 

| 

— 

| 

— 

— 

— 

— 

q 


STEV ENS ON TURBID WATER THROUGH LAKE MEAD 


re Although the total quantity discharged was only 9.5% of that coming 


ite 


a be into Lake Mead in 1935, ‘the fact that any at all was discharged is too 
} important not to be investigated further. These fines probably would not 


*% “occupy nearly so much space in the reservoir as an equal weight of coarser — 


material nevertheless, the question arises as to it have 


greater significance raise. as to. the wisdom “4 

Another phase of this problem concerns the quality of the water passing 


through a reservoir in this manner. Such a concentration | of fines may 


gender the water unfit for irrigation on certain soils as them 


slick ” and « effectively sea als them against air water drainage. 


‘7 
“longed use of such concentrates or intermittent _use over long periods of 


is quite certain to be to almost | type of soil; hence, 


ue from this standpoint, it might be better not to permit such silt ‘slugs 
pass through a reservoir, 
ar Each basin must be studied on its own merits in these regards, in which 
the geological, chemical, “mechanical, and physical factors musi be analyzed 
carefully. All these problems of silt are of tremendous importance to the 
cae, ean West and it is “ high time ” that an orderly, well-planned approach to ‘their 
lution was begun without further delay. 


its report on “ ‘Drainage Basin Problems and Program, 1 1936, the 
National Resources” "Committee > included as one of "principal study 

projects a a thorough investigation of the silt problem tin tlle Colorado River 
: Basin, and recommended an early allotment of $1000000 with the under- 


standing» that. several” million 1 dollars would ultimately be required for a 


< 


rat In order to secure co- -ordinated ‘results, it would seem essential that 
such an investigation be headed by an agency or board composed of the 
chiefs | of the several Federal bureaus now now engaged, independently, in inves- 
tigating some phase of the silt problem, as well as a number of non- 
=. engineers” and scientists, to the end that the elements Sag engi- 


neering, hydrology, chemistry, | plant biology, geology, , and soil 1 mechanics 


be adequately represented and that co-ordinated conclusions will be 


answers to some angles of this” problem are being sot sought 
pendently by certain Federal agencies, among ‘them the 


"Reclamation, of Agricultural Engineering, of Plant 

‘Industry, and the Grazing Division. There is little or no co-ordination . 
al 


effort among these agencies, however. A co- ordinating board would 
concern. itself solely with the phase of the problem and would 
enlist the services of all agencies concerned, including the several hydraulic _ 7 
To the latter could be assigned special problems, while’ 


-_ ‘research « could be conducted by Fe ederal agencies. Such an investi- 
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gation of the silt robles in the Colorado River Basin would be sybally 


valuable for ant Grande Basin, and all other silt- -producing basins in = 


S.J ARVIS,*® M. Soc. ©. (by letter) Experience with’ op- 
eration and “maintenance of “numerous small reservoirs led a number 
of engineers, including the writer, as early as 1914, to expect the passage 
heavily silt- laden water as. a separate ‘stream through the clear water of 


concluded that reservoirs should respond to the treatment com 


monly “used for ‘maintaining the ‘capacity of small. storage projects in 


regions, where both the erosion rate and the water values are relatively high. 


early in his career as 1897, the late Arthur P. Davis, ‘Past- President, 


Am. Soe. C. had proposed the use of such expedients as hydraulic giants 
sluicing for the removal of such silt.¢ 44 


Serious consideration was being given in 1914 to the plans Yor 
a flushing conduit to extend several miles up stream from the dam to es 


narrowest section of the storage basin, with a view t to trapping the ‘sediment aa 


“conveying it through | ‘the ‘deepest ‘part of the reservoir to ‘the ‘outlet. 
‘The prevailing opinion among the consultants was that the heavier, silt- 
“laden inflow would follow the valley trough | and would convey a consid- £8: 


erable portion of ‘the suspended load to the river r channel and irrigation 


thereby prolonging» the life of the storage project and adding 


fertility to the irrigated land. bs 
A to the axioms recognizing z the wil of soils 


the writer’s discussion‘ of “The Silt Problem of the Zuni Reser- at 


voir,” <5 a plan v was outlined for maintaining a a turbid ‘outflow to keep pace 
ih and correct, the silting process. At that time (1920), the passage of at 


= turbid water through I Elephant Butte Reservoir, if observed a at all, had not 
been widely heralded. is recognized that disadvantages ‘would attend 


Computations in connection with Fig. 3 disclose the fact that the 
_ occasions when turbid water was discharged from ‘Lake Mead were a few 
days after heavily silt- laden inflow had occurred at Grand Canyon, with 
suspended matter representing 2% to 5% by weight. _ By inference, 
_ may assume that it requires a pronounced difference in specific gravity of te 3 
 inflowing and impounded water to build up the inertia or momentum 
sufficiently to maintain the flow through the reservoir. As 


Trrigation near Arizona,” by Arthur P. Davis, Water Supply Paper No. 
= pp. 81-8 88. 
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-REDDEN -TURBID WATER THROUGH LAKE MEAD 

bottom of the lake in a very thin sheet (less than 5-ft depth), or through 
% the lowest portions of the floor of the Reservoir much as water itself flows — 
ie air, and apparently does this without diffusing into the water already © 


jn the lake, as it retains certain distinct characteristics which are evident 


and have been observed as it is discharged the 


mie ‘the | 6 000 000 tons of silt” discharged from Lake Mead during 1935 
-sigbde 2.5% of the average annual load brought into the lake, then the 
total annual silt ‘inflow is about 240 000 000 tons, or “nearly 660 000° tons 


day, or 7.6 tons per sec. On “the of 16 000 000 acre- -ft of annual 


61517 000 = 1.07% of the weight of water. 


i it is necessary to maintain 27% or more of silt content in order to 


insure turbid flow the lake, it would require some kind of tusbu- 


lence, such as may be produced by dredging pumps or hydraulic giants, 
to displace the required 7 tons or more sediment per sec, during the 
intermittent periods of operation. Obviously, such conditions, the 


dredging would continue not more than one- half the time to keep pace 
> A 


cal 
t it be assumed that suitable types of floating dredging plants have 


a: pins to agitate and to bring into suspension one- fourth of the 
‘annual silt “inflow, or 60000000 tons, representing nearly 2 toms per sec 
throughout ‘the year, but capable of greater output during actual work- 
ing hours. Also, assume 1000000 acres as susceptible of ‘irrigation from — 
Lake Mead ‘(about 500 000 acres in Imperial Valley, 100 000 acres in 
- Yuma Project, and 200 000 acres in Mexico, a total of 800000 acres i 


1936), the major portion of 60 ) toms per acre per yr would be en 


the amortized cost of installation, together with ‘maintenance and 


operating expense for the necessary floating plant and mechanical equip- 
ment, should to $2 000 per day, or $730 000 per yr, the charge 
‘Per acre served would be only $0.73. T he actual value of the fertile 
— elements delivered with the turbid water should be several- fold more than 4 


the cost, while other benefits realized would “oe the prolonged usefulness 
reservoir capacity, and the checking of accelerated channel erosion 
below Boulder Dam resulting from the recent clarification of effluent. 


_R. E. Reppen,‘* Esq. (by letter)——-The Engineering Profession should 
‘indeed be grateful to Messrs. Grover and Howard for the presentation of facts — 
_ and conclusions relative to the transportation of silt through reservoirs and the 5. 
_ worth- while suggestion that a study be made of the little understood phenom- 
ena. . It is in answer to the authors’ invitation for discussion and related — 
_ information that the writer submits data and conclusions on the passage of a 7 


with sedimentation, 01 or proportionately for partial b benefits. 
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On August 6, 1934, a mud flow produced by a heavy local storm which hit at 
‘Rockport, Utah, about thirteen miles up the Weber River from Echo Reservoir, 4 ‘ 
= entered that body of water at 10:30 P.M., and 10 hr later, after apparently 
_ following the river channel, passed through the needle-valve gates below the 
dam. The flood water passing through the gates was reddish-brown in n color, ; 
very ‘thick, with suspended matter, and gave offa putrid odor, 
2 From the automatic water-stage recorders on the river, and from date 
7 “gathered by w itnesses (including the writer) average velocities for the flood in af 
the river above the reservoir and through the reservoir have been computed. oi 
a ‘The average velocity of the flood water above the reservoir was 4.4 ft per sec., 
ow hereas the average velocity through the clear water i in the reservoir was 0.22 ea 
The greater specific gravity y of the flood water, due to the: character ore 
a suspended | matter, is ascribed | for its not mixing with the clear water of the a 
reservoir. The intensely putrid odor of the flood water as it ‘poured into the — 
_ stilling-basin from the gates, is attributed to the gases locked up in the mass of _ 


suspended matter and is additional evidence that the two waters remained | 


Floods are not uncommon in 1 the mountainous valleys of Uta They are 


ones rather short duration, carry variable loads of débris and, in general, do no a 8 
= eat damage; however, a few mud flows have taken hasnt lives and caused | ae 


considerable property damage. In the main, these mud flows have not been ~ 
caused by the much over-worked word, “over- -grazing.” Burned over ae 
_ over-grazed areas add to the intensity of the mud flow if centered within ‘the Pe a 
- Jocal area of maximum precipitation. _ Field observations of mud flows suggest 
that they may occur on any steep area during a general or local storm where & Bey 
localized belt within the general storm area receives a maximum precipitation i in 


the form of hail, which is characteristic of flood- producing storms. Hail, as 
Tao is not — — by the soil mantle; hence it piles up as temporary — 


Floods e built on in Utah deposed 
- their loads on the bottom of the reservoir; however, many instances are known» 
which the silt-laden waters have appeared at the outlet gates. These records 
show that this phenomenon i is more noticeable on certain ‘drainage | areas, which a 
_ gives rise to the question of the difference in the soil mantle, and a in | turn, i 
dependent upon the geology of the water-shed area. 
bes It is expected that future studies will show that flood loads from certain 2 
ra formations of a particular a large influence upon ‘the 
_ phenomenon of floods — passing through reservoirs of clear water without 
. = oan Weber River and Echo Reservoir —W eber River heads in the Uinta Moun- o 
“af tains in Utah and drains an area nol 732 sq miles above Echo ‘Reservoir. it hase 


‘across the channel of Weber (me and completed for re storage capacity of of 
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= REDDEN ON TURBID WATER THROUGH LAKE MEAD | 
“ 14 000 acre-ft in 1930. " ‘On the day of the flood the reservoir held 4 100 a acre- : 
Th depth of the water at the dam and outlet was 30 ft. yidteliesien foe Lt rn 
During the spring run-off, the river, at times, carries eonsiderable material 
jn suspension. . However, during these periods. of high-water run-off, the water 
a discharging from the needle-valve gates during the filling of the reservoir has a 
remained clear, with few exceptions. Only part of the high water entering the _ 
reser reservoir is discharged for irrigation Tights below the dam. The remainder is eo 
stored in the reservoir. ™ The old river channel meanders over the floor of the 
A reservoir and the length of the submerged channel, when the reservoir is at full 
stage, is. about 4.5 miles. The temperature of the water ‘discharging from the 
- reservoir on July 26, 1934, ten days before the flood, | was 60° F, whereas the 
temperature of the water in the reservoir, 0.5 ft below the surface, was 65°F. 
The maximum temperature of the > atmosphere was 94° F, and the minimum was a. ; 
: 44°F, No temperature tests were made on the day of the flood. A During the 
Mate summer, when the reservoir is being emptied, the discharge water is y, 
Record of the Flood.—Between 3:30 and 3:50 P.M., on August 6, 1934, a e 
typical thunder storm centered 1.5 miles west of the valley at Rockport. This ee 
heavy storm was part of a general storm which’ covered an area of 100 


Ly wnbe out over the narrow river valley.) These mud flows lost their bed load — 

- before entering the Weber River, but retained their ‘suspended load down the the 
river and, for the most part, through the reservoir. 
| The distance from the center of the flood area on the Weber River to the 
U.S. Geological Survey water-stage recorder at Coalville, Utah, was 12 miles. . 
The recorder showed the first abrupt rise »at 8:05 P.M. The record. of stream 


flow for 12 hr, b t 8:00 P.M. h Table 7. eter ecg 


‘TABLE 7.—F.oop Run-Orr, River AND CHALK (CREEK, ‘Uran 


bebo Weber River, at k ad "Weber River, at 


“CLE | Coalville, Utah Creek | Coalville, Utah 


a a The average ot of the flood water in the river over the distance « of 12 


Ne = nearly 4 miles, iptv the time of the e1 entry y of the flood into the deme water 
7 ol Astorm of similar ‘intensity struck on Chalk Cr Creek, 8 miles east of Coalville, 
ae  ashort time after the heavy storm at Rockport (see Table 7). Chalk Creek rt 

_ enters the Weber River 0.5 mile below the gage, making very little difference i in 
the time at which both floods entered Reservoir, 
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P. M. , and passed through the needle-valve gates below the dam at 8: 30 A. Me 
length of the submerged river channel was about 7 900 ft, which: would 
oan establish an average velocity of 730 ft. per hr, or nearly 0.22 ft per sec for the 


The quantity of flood water, ‘as determined from the water-stage recorders Ts a 


which flowe ed into the upper end of the reservoir before any of it appeared below 4 i 
the dam, was 102 acre-ft. A body | of water 7 900 ft long by 110 ft wide by 5 ft 
would contain approximately 102 acre-ft. The channel of the Weber 


= 5 ft deep. ~ Tt seems not far v wrong to state that the flood water - followed the old f 


"When it was whorled out ot the needle-valve gates and into the 
oa stilling- basin. the violent agitation seemed to liberate : a very putrid odor which Ee 
was stifling near the stilling-basin. It was noted that clay particles, which 
_ apparently had remained in suspension through the reservoir, settled out near ate 
lower end of a protected section of the stilling-basin. Evidence was against 
these particles being in the stilling-basin before the flood water came through. a 
The unlocking of the gas and the breaking up of whatever a affinity these day * 
particles had for each other may shed some light on some of the factors affecting — 
‘Conclusions Wess 1 the thunder-storm hit at Rockport, the 
hail | and rain fell on ‘soil weathered from the thin- bedded clay shales of the She 
Upper Jurassic Age which are reddish-brown in color and contain a high per- ae 
centage of colloidal clay. This fine material absorbs a large quantity of water a 
and remains in pan for many hours. The ‘rolling, slipping a action which = 


) ‘the clay, sand, and coarse material received on its way down from the mountain ... ¥ 


the bed load of coarser Only the suspended load was 

carried down the river. ‘The flood lost little of its load down the river, as was at 
noted the following day. _ This dense liquid mass, more or less tied together, — 
seemed to confine itself to ) the submerged river channel through the reservoir — a 
and failed to mix to any extent with the clear, less dense water, notwithstanding _ “eS 
the marked decrease i in the velocity o of the flood water through | the reservoir as 44 


compared to the velocity in the river above it. 
q 


_ Had the mud flow been composed of different materials, a produet of a 


different geologic age, age, it would have lost its identity in the reservoir as some — es 
‘The writer agrees with the authors that further study on the flow of water BS 
through reservoirs will be of practical significance with respect to engineering . 
_ problems. — it seems | reasonable that some changes in design and position o} of the ou 
outlet works 1 may be needed where culinary water is to be taken from reservoirs boa 
te tot be built on streams which are subject to seasonable floods. — OS Ot 
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— mm? ON TURBID WATER THROUGH LAKE MEAD 4 
RayMonp A. Hu," M. Am. Soc. C. E. (by letter) from simi- 
P. lar conditions at Elephant Butte Reservoir on the Rio Grande, little is to be a 
- eained by the passage of silt through Lake Mead. From the former reservoir, _ 
_ water carrying large quantities of suspended matter has been discharged for 
_ : several days in almost every year, but the total quantity of silt so removed is 
a i nly a small part | of the accumulation in the reservoir. Even if the life of 
‘ Elephant Butte Reservoir thus becomes greater than would have been the case 
if no silt flows had occurred, it will make little difference whether the lost capac-— 
ity is replaced, for example, in 1960, or a year or two later. Furthermore, only 


the finest particles : are held in suspension and these tend to seal the soil when 


4 
TABLE 8.—Quatity or Water, Cotorapo RIVER 


PERCENT- EQUIVALENTS PER 


So.rps 
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2.62 
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such water is used ra irrigation. _ Likewise, to increase the quantity of silt — 


that may naturally pass | through L ake > Mead 1 would probably not b be e welcomed a 
= be irrigation water users, and definitely would be disadvantageous to those = 


Cote & Hill-Leeds & Barnard), Los Calif. 


é 
— 
U.S 
Geo- — 
= 
11-201. 680.000} 289 
21-30 248 
July 1-10 726000} «281 
338.000| 571 
214000} 692 
179000} 834 
188 000} 1099 
178 000| 1173 
1124 
1114 
1 232 
284 
198.000} 380 = 
198000} 361 
197000} 297 
196 000] 466 
195000} 621 
214000| 457 
193 000| 479 
187 000} 797 
— 
— 
poe = _ Although the passage of silt through Lake Mead, therefore, is of itself un- #8 (i 


ON TURBID WATER THROUGH LAKE MEAD 


4 through L Lake Mead without mixing only at timed when the at 
4 Boulder Dam was turbid. ‘Actually, it is evident from the chemical analyses <’ 
r’ _ of the water entering the reservoir and discharged from it that the flow of saline 
water through Lake Mead is of usual, rather than unusual, occurrence. The 
writer, therefore, would re-phrase the first conclusion of the authors to read: : 
“The passage of water in considerable quantities through a reservoir without _ 
“Mixing has much more than scientific 1 interest and importance.” 
= Vi ariations in Salinity. —For several years the U. 8. Geological Survey has ie 
taken daily samples of water from the Colorado River at Grand Canyon Sta- - 


tion above Lake Mead and at Willow Beach Station below the reser voir. The : 


percentage of sulfates has been determined for each sample and « water 
analyses have been made of composites of each consecutive 10-day group of f 
= samples. Table 8(a) contains the analyses of the composites made u from 

daily samples taken at Grand Canyon Station during the months of June to 
October, 1935, inclusive; Table 8(6) contains similar data for the waters at 
Willow ‘Beach Station from August 1 to November 30 » 1935, inclusive. The 
constituent ions are recorded in milligram equivalents per liter, rather than in ry 
parts per million, for convenience of geochemical classification. The total dis- ag 


5 The data from Table 8 are shown graphically in Fig. 7, which is ar is an uals eS 


m 
use | and some e explanation of it is s probably warranted. 
outline of a geochemical chart which esentially consists of two trilinear di 
grams and a diamond- -shaped diagram adjoining them. The left- hand triangle 
is used for plotting the percentage reacting values of the cations; the tebihend 
- triangle, is similarly used for plotting the percentage reacting values of te 
anions. Since the ‘percentage reacting values of the cations and of the = 
always total unity, the cations in any water c can be represented bya a single point - 


Far 


lateral triangle. Ww hen these are projected to an intersection on the diamond-— 
shaped figure, the resulting position represents the geochemical grouping char- 
acteristic of the water. The diamond, itself, is made up of two trilinear dia- a 
grams baying common base, and the sum of the ‘Perpendiculars from 


4 ull It may be demonstrated that: (a) On each trilinear diagram, and on the & 


diamond-shaped diagram, the mixture of two waters must plot on the straight a 

4 line connecting the plotted positions of each of the waters; and (b) the plotted — <2 
i - Position of the mixture must be at the center of gravity when all quantities a ' 
4 ; are expressed in ton-equivalents. - Ton-eq equivalents bear the same relation to 
bs} total tons as milligram equivalents bear to parts per million, and the magni-_ 3 : 
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Colorado River at Willow Beach 


Periods of ae Flow 
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_in which 7, = ton-equivalents; quantity, in acre-feet; ll m, = a 


_* ‘The points at the left hand of Fig. 7 (in Zone 1) thus lie in a part of the: the Be 


the lower left, a nd the magnesium vertex at the right; the points in Zone ae 
- thus lie in the anion triangle with the chloride vertex at the upper right, the 
eins vertex at the low er right, and the sulfate vertex at the left. _ The 


35 
= 
= 


circles designated by the month and a letter, A, B, or C, depending upon Z 
. _ whether the analysis was of samples taken in the first, second, or third 10-day 
period, respectively. a The points shown by squares are from Table 8(b) and he oe 
the designation, Aug. C, ts for example, represents the composite of samples i 


taken at Willow Beach Station during the last ten days of August, 1935. The es 
silt flows particularly discussed by the at authors, occurred within the first two 
‘periods i in September and, again, in each of the first two ) periods of October, 


and are distinguished by solid 


a ‘From the geochemical plotting, it will be noted that the waters ere entering : 
the reservoir at the time of run-off from melting snow had the highest ‘calcium 
percentage and the greatest bicarbonate percentage of any of the waters 
sampled; furthermore, as the flow of the Colorado River lessened in the fall, a 
the proportion of calcium progressively decreased from about 55% to 34%, Me 
and the bicarbonates decreased from almost 55% to less than 20% of the — ae 
anions. The general trend of the changes in the proportions of the cations — i. 
Was reversed late in August just prior to the discharge of turbid water from 
: Lake Mead in September; also, the “October A” sample showed a sudden 
. departure from the trend. On the anion triangle a pronounced increase in the 
sulfate percentage occurred late in August, and a sudden reduction i in n chlorides ae rr 
took place early in October. These departures furnish clues to the character 


. si The change in position of the points corresponding to the analyses of water 
i judiiet below Lake Mead followed somewhat the same pattern as as those for ae 
the: water entering, but with significant differences. On the cation triangle 3 
the proportion of sodium reduced from more than 30% to less than 25% i in 
‘September, a and then increased rapidly until after the discharge of turbid water — 
“i in October. On the anion triangle there was a gradual shift toward the sulfate 
_ vertex until the first of October; then a pronounced change took place coin- 
a, cident with the October flow of turbid waters, and the sulfate and chloride: 
Characteristics of Turbid Waters. —Material quantities of silt were carried 
by the water at Willow Beach in both the “September A” and ‘September a PF 


periods, and likewise during each of the first two 10-day periods i in October. @ 


_ For ease of computation, the ‘ ‘September A” and ‘‘September'B” waters at 
Willow Beach may be grouped, and likewise the “October A” and“OctoberB” 
~The composition of these waters is given in Table 9, 


to (5). 
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“alse the time that , very silty water passed Grand Canyon Station and the 
time when this water reached Willow Beach. Accordingly, water that passed, 


in cae’ but from ‘Fig. 7 it is obvious that either the “August c” ae, 
=e Grand Canyon Station did not produce the turbid outflow from Lake Mead 
September, or considerable mixing or dilution took place. 


even 


a Bracu, IN 1935, From: Mean, in 1935, From: 
ity ptem- RELEASE o Septem- 
ber 20, | October 20, October 
al "inclusive inclusive [| inclusive inclusive 


nies Milli | Per- | Milli-| Per- | Milli-| Per- | Milli-} Per- Milli- 
: | gram | cent- | gram | cent- | gram | cent- | gram | cent- | gram 
att equiv-| age jequiv-| age jequiv-| age |equiv-| age j|equiv- 
alents| react-| alents} react-| alents| react- react-| alents 

ne jive er | in per | in ing 

‘ : i liter, | val- | liter, val ther, val- 

| }@ | 


2.22 
0.87 
8.10 | 36.6] 1.24 


8.48 | 100.0} 4.33 


4.44 52.3 * 36. 4 . 

1.47 17.4 


a Quantity of water, in acre-feet. . 
of salts, in ton-equiva- 


ra These apparent, anomalies make Possible the calculation of the quantity — 


and character of the water that carried silt through the reservoir in September. 
2 “After repeated trial and error, it was found that a mixture of 355 000 acre-ft 
F: of spring | flood water, carrying 2 080 ton-equivalents of salt, with 41 000 acre- ft 

y of water, loaded with 1 010 ton-equivalents : and having a high ‘calcium sulfate 
content, would produce the quantity and quality of water measured at Willow | 
s= from September | 1 to September 20, 1935. . The spring flood water wee 
evidently itself f a mixture, in equal quantities, of the water that entered Lake 
Mead i in the last ten days of June and the first ten days of July, 1935. The 


HILL ON TURBID WATER THROUGH LAKE MEAD 
. 
— 
oa =. at Willow Beach in September had a very low percentage of sodium, “4 aye 
‘because the average sodium percentage of the September turbid water wasless 
— 
— 
— 
— 
fly 
Pee 
iia - 20.2] 4.70] 26.1} 2.84] 15.8 
fa _ Total... 5.74 | 100.0 100.0 "18.00. "300.0. "18.00, 100.0. 
5.74 | 100.0] 8.48 100.0 | 4.33 | 100.0 | 18.00 | 100.0] 18.00] 100.0 
— 
— 
Waters 18 ShoWn in Labie ColummMs (0) tO (¥). 


730 oN ON TURBID WATER THROUGH LAKE 


In October, 1935, the passage of silt through L ake Mead was produced by _ 
a water of markedly different characteristics from those of the water which __ 

produced the silt flow in the preceding month. From Fig. 7 it will be noted — if 
that there was a marked i increase in sodium percentage at the time of turbidity ee: 
in October, as distinguished from a decrease when allt was discharged in Sep- ¥ 
tember. The direction of shift of the “October . ” and the “October B” 
“points for W illow Beach on divisions of Fig. 7 is tow ard the “‘October A” point - 
for Grand ‘Canyon Station. These directions likewise depart from those for 
the ten days immediately preceding and immediately following, which also is __ 


indicative of ‘some in conditions coincident with the passage of 


- Actually, the water which produced the silt flow was found to be Pee ~~. 
in Table 9, Columns (10) and (11). 
‘Sag A simple mixture of this water and of the spring flood water would not a 
satisfy the criterion that the mixture of “October A” and ‘October B” w: yater: 
at Willow Beach Station should lie at the center of gravity of the points corre. 


paren! to the spring aes water and the October silty water r enterin the 
g 


“part at least ghee similar to the “ October AY ’ water at Grand Canyon. 


3 first part of was s still through the reservoir without its 


i in the latter part of that month, 
assumption is borne out by fact that the various criteria can 


- satisfied by mixing with the water entering the reservoir in October, ‘some of a 


_ the water characteristic of the September run. Actually, the 4 500 ton- 

st equivalents of salts carried past Willow Beach from October 1 to October 20 

were evidently made up « of 1630 ton-equivalents. of salts of the character 

carried by the water which entered the reservoir about July 1, 510 ton-equiva- 

_ lents of salts characteristic of those in the water which came into Lake Mead — 

— datein August, and 2 360 ton- -equivalents of salts carried by water which i 

“s _ Grand Canyon about the end of September, 1935. The corresponding quanti- 

ties of aiding as follows: ‘June C” e C” water, 137 000 acre-ft; “July A” water, — 
137 000 acre-ft; September ‘silt-run wa water, 21 000 sere-tt: ial 

of the water which directly caused the flow of turbid water in October, 1935.- 

Minimum Silt Percentage. —In 1 September, roughly 40 | 000 acre- -ft of water 

carried 2.000 000 tons of silt through Lake Mead, equivalent: to an average 

of 50 tons per acre-ft. It would appear from this that the water which brought _ % 


S 
—) 


ne a pur silt to Ww: illow Beach Station was that which passed Grand Canyon Station at Bf 


Grand ‘Cany on on the intervening dave found its way through the reservoir. 
Again, in October, roughly 2 500 000 tons of silt were carried through by les 
than 100 000 acre-ft of water, or more than 25 tons per acre-ft. _ _ The days of of 
~ high silt percentage at Grand Canyon were September 30 to October 3, in- 


elusive, a which time the discharge of the Colorado River was almost ss 


n August 26 and on September 4, , and that little. of the suspended load at ce ’ 
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HILL (ON TURBID WATER ‘THROUGH LAKE 
as quantity water that apparently passed through the reservoir 
. its silt load. In general, the data indicate that silt was not carried — 
Ps. through Lake Mead when the water entering the reservoir contained less than ~ 
— 2.0% of suspended matter, and then only if the proportion of fine particles — 
_wasrelatively large, co ba males, 
"Passage of Clear Saline Water.—Reference was made in the foregoing dis- _ 
cussion to the passage of clear saline water through Lake Mead without mate- 
a ¥ rial mixing except at the. outlets.” In the writer’s opinion, this is of far g greater 
practical importance removal of silt that might otherwise in 


a of the anion triangle, it is j apparent that the clear waters released from 
the Teservoir | in August, in September, in October, and in November, 1935, — 
were not herrea of the great body of water that entered during the flood _ 
run-off in the spring. T he points for the flow at Willow Beach in the — 


=. of August lie roughly on a line between the “June C” and the “July C” water | a 


at Grand Canyon Station, indicating that the water in the river several miles. 
Br below Boulder Dam was a mixture of spring flood water and of the flow _ 
ing the reservoir late in July. i T he clear water at W illow Beach in the last — 
‘a ten days of September, 1935, definitely must be a mixture of the spring flood 
se: _ water and some other water having a much higher sulfate percentage. Ac- 
~ tually, the data indicate that some of the calcium sulfate water which produced th 
is the turbid flow early in September was continuing to flow under the lake 
without its silt load in the latter part of that month. The water at Willow | 7" ; 
a Beach near the end of November appears to be somewhat similar to the water — ‘_ 
> entering the reservoir in September, but the concentration of salts in this = x 
y - water i is less than two-thirds of the concentration in the water entering. ‘There 
‘ie must have been, therefore, dilution or mixing of the water characteristic of 
a that entering Lake Mead late in September, with other water which came into 
the reservoir during spring floods; ‘edt Io wot s ft i 
» hae It is not necessary that this ‘mixing should take place i in the reservoir, and 


be true, of course, regardless of one outlet or a series of outlets were 
in service, although it would be more likely to occur wi with outlets: open at 


4 "reservoir is also suggested by the upper - graph i in ‘Fig. 2 of the paper, in which 

_ it is shown that the quantity of sulfates at Willow Beach steadily increased 7 

_ from September to the end of November, 1935, approaching the concentration pe 
of sulfates in the water at Grand Canyon Station, regardless of the fact - ee 
- most of the water in Lake Mead entered there during months of run-off eee 7s 


Various: estimates have been made of the quality of water that will be - 


7 available for domestic and other uses from the Colorado River after regulation _ 
in Lake Mead. Such estimates: have naturally been based ‘upon the 
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tion that there would be complete mixing of the relatively pure flood y waters “y 

with the saline low-water flow of the Colorado River. Analysis of the data 


x now available (1938) indicates, on the other hand, that the saline waters tend — 


to flow through the reservoir rather than to mix, and that the spring flood — a | 
_ waters tend to “‘ride on top.” Since May he 1936, the tunnel gates at Boulder. 4 

1 
Dam have been closed and the lowest is far above the original stream 


4 bed. The question naturally arises: Will the normal release from Lake Mead ee 
_ be materially more saline than the weighted average inflow and will the best 

a water be wasted at the time of spill, or release for flood control? cert daa aq 


NatHan C. Grover,‘** M. AM. Soc. C. E., anp 8. Howanp,” 


a Esa. (by letter). —Since the publication of this paper interest in density. = 


rents has been manifested through correspondence, published discussions, and 
the creation of a specific committee (Interdivisional Committee of the National — 
_ Research Council on Density Currents) f for their further study. an The discussions — 
: have served to emphasize the inadequacy of information with respect to the a 


7 phenomena of density currents and the probable theoretical and practical value 
ti, > of of further study of them. _ Several: interesting and important aspects have been 
‘presented. In general, the discussions have disclosed: That there have been ca 
_ instances of flows of turbid water through reservoirs under a variety of condi- ‘: 
tions that cannot be evaluated because of lack of | observational information; 8 
on that there may be many instances of stratification of water in reservoirs due to be 
_ differences in density, in many of which turbidity is not involved; and, that — is 


there is an important and unexplored field of scientific research in relation to - 


density currents and stratification in reservoirs which may have both scientific 
p — Faris has described a flow of turbid water through Lake Kemp and . 
mentioned the presence of silt in depressions in Medina Reservoir. — Messrs, 
Page and Forester have given n valuable | information | concerning the visibility eS 
of the flow of the turbid water through the center of Lake Mead during: the = 
~ period before the depths of water were too great. Messrs. Faris, Dobson, and ae 
Lewis have described similar flows of turbid water through other reservoirs and a 
- discussed | conditions of deposition i in reservoirs which are indicative of other tig 
such flows which may not have carried through to the places of earn “a 
Messrs. Jones, Scofield, Creager, Bliss, and Stevens have discussed the condi- ae 
tions under which the flows have ‘occurred i in Lake Mead and other reservoirs ee 
and Mr. Palmer has suggested the similarity of the conditions causing turbid sy & 
_ flows and those of lack of mixing or of stratification of fresh and salt water.. J 
Mr. Houk and Professor O’Brien have discussed the phenomenon on the basis ae 
ok Monish has suggested a modification of 
 Prandtl’s expression . for the criterion of ‘mixing, and Mr. Rubey has made 
, several computations to show the combined effects of the quantities and nature ca 5 
_ of the suspended matter, and the salinity and temperature of the water. He 
has also considered the effects of variations in velocity as it was measured at a 
- the Grand Canyon gaging g station about 160 miles above the head of the lake. 3 a 
Chf. Hydr. Engr., U. S. Geological Survey, Washington, D.C. | is 
Chemist, U. S. Geological Survey, Washington, D wall oiled 
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GROVER AND HOWARD on TURBID WATER 1 THROUGH MEA 
jos Bip. Jarvis has referred to earlier considerations of the subject. and has pias 
ter the practicability of creating turbulence as a means of putting the silt 7 
into suspension for passage out of the reservoir. The information presented — 
_ by Mr. Lewis in his discussion and in the paper to which he refers,* is very 
-yaluable in outlining the efforts that have been made to eliminate silt from 
ten ‘Mr. Page has presented | additional information concerning conditions * 
‘Lake Mead during certain periods when the flows of turbid water took place. be 
On the information available, the writers do not now agree with Mr. Page that 
the higher temperature of the relatively warm water near the bottom of ~l 
— Jake is explained by the warm spr springs gs known to be present near the dam site. 
The source of the heat producing this higher temperature in the lake water is | 
not positively known, but water of the observed temperature appears to the — 
- writers to have extended over too large : an area to be considerably influenced _ 7 
by the relatively small discharge of water from warm springs. It may be — 
significant that the temperature of this ; stratum of n silty water is 68° to 
70°F is the mean sn annual temperature at and near Boulder 


a rr A Mr. Jones v was s of little or no importance in causing ‘the. silt Sonia 

. since the material carried past Willow Beach during the flows was much finer — 

a than would be expected to result from sliding or scouring in those ; areas. greg J 
Mr. Monish has discussed the extent of mixing that might be expected under 
- different conditions of flow and suspended matter. He has | computed limits — 

- for the critical values of mixing which seemed to hold for the flows of turbid 
water observed at Lake Mead in 1935, and has shown that these values might — 

, not be the same for another year, nor for another reservoir. He has computed oe 
his values from records obtained at the Grand Canyon station which were the 
Boge available tc tot him. Such computations, based on records of water and alt 
- that actually came ‘through the reservoir, would be of interest since it appears 
“to be reasonably certain that the sizes and conditions of flocculation of the | 

: particles 2 are of importance in their effect on rates of settling. Mr. -Rubey has ; 
made a a careful study of the available data and was not able to explain the flows 
of turbid water by consideration of densities or density differences, or by the : 
and Canyon gaging bi 
station, . Hehas emphasized the need for observations on nthe degrees of floccu- 4 
lation and the e velocities or slopes of the turbid water within the reservoir. Mr. a : 
_ Btevens has suggested that an agency or board be created to co-ordinate i in- 

; ran of the Colorado River Basin, and that the results of comprehensive - 
studies i in the Colorado River Basin would have value in connection with studies | 

the Rio Grande and other silt- bearing s streams of the arid West. 


_ O’Brien has suggested that some of the solid particles were first carried to | the a. 
bottom and, later, were resuspended as a result of turbulent flow and then | were 
7 carried through the lake in the turbid flows. Mr. Lewis has suggested that the © 
_ Inatter in solution causes flocculation during periods of turbid flow, which, a 
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-GROV ER HOWARD ON TURBID WATER THROUGH “LAKE MEAD : 
Hill has. tables and graphs to show that the water flowing out 
% a of Lake Mead during part of 1935 was a mixture of the water that entered dur- 
ing the spring flood with other water in the lake. He has raised the question: 2 
_ ‘Will the normal release from Lake Mead be materially more saline than the if 


ow eighted average inflow and will the best water be wasted at the time of spill 
or release for flood control?” Mr. Hill has also suggested that the passage 
of the more concentrated water through the Jake m may b be of greater practical 

_ importance than the passage 2 of turbid water. he 


after “which turbid water through Echo Reservoir, “and stated that 


at such times was usually clear, and that of many known instances when 
silt- t-laden wa waters appeared at the outlet t gates o of r reservoirs in n Utah, the phenom. 
‘enon: is more noticeable on some rivers than on others. d 
7 Samuel B. Morris, M. Am. Soe. C. E., has furnished, by personal letter ee 


to the writers, a general description of some chacrvations made on Morris Bee 
“The Morris Dam completed. ii in 1934 creates a reservoir i in San Gabriel 
Canyon 20 miles east of the City of Pasadena. The reservoir is four miles — 
long and of maximum depth of 250 feet. © Storage capacity is 38,360 acre-feet ; 
and surface area 417 acres. Following winter storms the water in the reservoir 
and becomes stratified. Temperatures at the bottom of the reservoir 
will generally be 50 to 55 degrees while surface temperatures will be 5 to 10 
_ degrees warmer by April. In the spring of 1935 a flood discharge of warm 
water entered the reservoir and flowed along the bottom to the flood release — 7 
outlets at the base of the dam discharging a muddy stream while the surface 
Ww ater in the reservoir remained clear. After two or three days the reservoir | 
became cloudy throughout and of constant temperature. 
_ “Apparently the warm silt-laden flood water was heavier than the colder a 
_ water in the reservoir. After two or three days, however, sufficient of the silt 
; was precipitated to cause the warm water to be lighter i in specific gravity than 
the cool water above it. This caused the warm w ater to rise and the reservoir 
‘turned over ’ thoroughly mixing its contents and giving a constant temperature a 
_ throughout. This is similar to the condition which usually occurs in the late “sy 
ts - of each year when the surface water becomes cooler than the deeper wee & 


™ rt Since the publication of the paper, two reports concerning g the delta of the 


“ Colorado River® | have appeared. _ These reports present considerable informa — 
tion on the nature of the silt carried by the Colorado River, which will be of — 
__-In the spring of 1937 the National Research “Council appointed an Inter- 
divisional Committee on Density Currents which m may serve as the co-ordinating — 
i agency suggested by Mr. Stevens. Meetings of this Committee were held . s 
June, 1937, to formulate a program of field and laboratory studies. te Intensive 
programs were planned for the Elephant Butte Reservoir and Lake } Mead. 
During the summer of 1937, observations were made at the Elephant Butte 


Reservoir, but there have been no apparent movements of turbid water through e 


©“ The Colorado Delta,” by Godfrey Sykes, | Publication 460, Carnegie Inst. of Wash- - 
ianens pub. jointly by the Carnegie Inst. of Washington and the Am. Geographical Soc. 
of New York, 1937; also, “Delta, Estuary, and Lower Portion of the Channel of the — 
- Colorado River, 1933 to 1935,” by Godfrey Sykes, Publication 480, Carnegie Inst. of Wash- 
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iz the reservoir during that year. The results obtained during the year show | 
Be variations in eoncentration of the water in different parts of the Teservoir, but ose 


§ the complete data are not available to show the extent or the nature of the bY 


“Samples of water and records of its temperature were collected in August — 


d September, 1937, in co-operation with the U. S. Indian Service, on the Gila 


a ‘and San Carlos Rivers above the San Carlos Reservoir and at the outlet of 5 
Coolidge Dam. Although some of the samples of the  inflowing water had more 
than 1% of suspended matter (of which a large part consisted of particles with 
less than 20 microns), no suspended matter passed through the dam 


ie during this period. - The mean daily discharge of the San Carlos River during 


pat the period was less than 100 cu ft per sec for all but four days. ‘The flow of the _ F a 
a . Gila was somewhat larger, and in the two months of the study more than 250 000 
= a tons of suspended matter was carried past the Calva gaging station at the a 
ee _ of the San Carlos Reservoir. _ The failure of turbid water to pass through the 
"reservoir may have been due to the small quantity of matter and 
turbid water has \ through Boulder Dam since the gates 
bottom of the reservoir were closed on May 3 1936. Periodie observations 
Py have been made by the U. 8. Bureau of heslemtation to ascertain the tempera- _ a 
fa ej -— ture and position of turbid water in different parts of the lake . Most of these — 
10 Re: = Fe “observations have been made in the canyon section immediately above the ~, 
mn dam, but, since the summer of 1937, additional observations have been made in = 


Boulder Canyon, 20 miles above the dam, and in Virgin Canyon, 50 miles , id 
water at the bottom of the lake, as mentioned by Mr. Page. Temperature — a 4 
PY _ observations made as a part of the sampling program show ¢ a marked increase = 
in the’ temperature of the water at the points of transition from clear to turbid 
water. Bi Samples of the turbid water show that the quantities of solid material a 
increase with the depth. ‘The bottom ‘samples have been so thick that they 
_ could be poured into a bottle only with difficulty. Mechanical analyses of the — 
_ suspended material taken from the bottom of the lake at several places show | a q 
that the material consists chiefly of very fine particles, more than 90% ~~ 
less than 20 microns in diameter. In July, 1937, there was about 20 ft of - i 
silty water in Virgin Canyon: and about 35 ft in Boulder Canyon. _ Observations “4 
~ made in V irgin and Boulder Canyons, i in 1 September and November, 1937, i 
in January, F ebruary, and om; 1938; showed varying quantities of “inorl 


above the dam. e observations | show that there has been a bo ody of turbid 


On the basis of made at different parts: the 
Table 10 has been prepared showing approximate elevations of the lake bottom 
; and of the top of the silt layer during the period July 1, 1937, to March 12, 1938. : 
These results indicate fluctuation at the » upper ‘stations i in the level of _ 
top of the silt which probably represents flowing of silt toward thedam. The 5 
observations made at Pierces Ferry in February, and at the other stations in - 
; February and March, ‘seem to indicate such a flow of turbid water. ‘Then notes { 
with the description of the sampling program for February i included 
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5 
TH H LAKE MEAD 
As the head of was approached there was a distinct line 
the clear and turbid water. There were stretches in this vicinity S eeaal 


_ bubbling as if the air entrapped in the rocks on the bottom of the lake was still ie 


° Be released. Where these bubbles came up they carried with them a clo 


of muddy water tothe surface, 


_ “When the heavy rains starting x around March 4 began t to bring up the flow 
of the Virgin and Colorado Rivers, an attempt was made to pick up its = 3 
_in the lake by sampling on March 5, 9,11,and12. Inthesampling of March9, 
_ at Virgin Canyon there was noticed an upstream surface current. At259’depth | 
below the surface there was no noticeable deflection of the sampler cable but 
at 275’ depth below the surface the sampler cable showed a very decided down- __ 
stream inclination as if encountering a strong downstream current. na 
_ Observations made at Boulder Dam and at Cape Horn, oheus 3 200 ft abewp 
_ ee the dam, show considerable fluctuation in the level of the top of the silty water, 
The data for Boulder Dam indicate that it 1 may be difficult to observe, ‘secu: 


4 rately, the elevation of the bottom of the lake, because the material deposited 


“TABLE 10. —ELEVvATION oF LAKE Borrom Top or Sit LAYER At 
Sev ERAL Pornts LAKE MEAD DURING THE JuLy, 1937, 


(Surface o of Lake Approximately 1 100 Ft Above Sea Level During the Period) 


at 


Brack Canyon 


January 4.. 


848 | 813 | 902 | 896 | 754 
: an _* At head of navigation \ ad 110 miles above Boulder Dam) on this date there was considerable silt 
at bottom (Elevation 1 068 = 
t+ November 16: No in Las Vegas Wash area of 936 ft; no layer 
aa in Callville Wash area of lake; bottom elevation, 1 026 ft. ; 
on the bottom appears at times to be consolidated, ‘dag: at other times, to Be so 
i & stirred up or loosened that the sounding weight penetrates it it toa greater depth, | 
7 During the periods of observation the top of the silty water near the dam has 


} — been below the top of the old diversion dam, resin is still (1938) in place. 
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‘The samples collected in Virgin — ‘show that the water in contact — 


with the silt was more concentrated in September than in July. The quality a ‘ 


f the water in the September samples from the bottom of the lake in Virgin 
Canyon was similar to that in a turbid flow observed at Grand Canyon a few z 


_ days prior to the sampling in Lake Mead. ‘These comparative data would seem 
es to indicate that there had been a density flow through the lake, from the head ~ 4 
ah of the lake, as far as Virgin Canyon, at least, and that the time required for — “a 


— the flow over that distance was about six c days. Samples collected i in Boulder 

is Canyon in September indicate a possible movement of turbid | water to that t 
3 point, but the evidence for Boulder Canyon is not quite so satisfactory as that — 


for ‘Virgin Canyon. In addition to the samples taken’ in the deeper parts 
of the lake, samples of water have been taken at the surface in several ant sea 
3 of the lake and, for some sampling periods, at several depths in order to obtain yak 
. information on the dissolved constituents at different parts of the lake and a : 
The stratification, or its opposite, the thorough mixing of the water in a) (3 ae 
 dliead and the season of the year when such mixing occurs, may affect. wo§ 


“ 


i greatly the chemical quality of the water, whether wasted or drawn from the ese 


i reservoir for use, and may determine the level from which it might be desirable Bi 3 ‘z 
draw the water. Inthe summer of 1937, the surface water in Virgin Canyon, 


Boulder Canyon, in the lake between these . canyons, and in the wide part of im 
4 the lake at the mouth of Las Vegas Wash had practically the same concentration 
was similar in composition to the water which flowed past the Grand 


surface during the same period the water r had a concentration of 700 to 800 iol 
a = of dissolved matter, which is 8 practically the ss same as that of the water — a 


mixed water had a , temperature of about 53°F and the uniformity of ‘this 
temperature in different parts of the lake may be another indication of the 
_ thoroughness of the m mixing. ‘Temperature measurements made by the Bureau — a 
. a of Reclamation show that in January, 1937, the water at all depths at the dam fs * 
¥ had a temperature of about 55° F. During the summer the water at the sur- teen 
face of the reservoir was warmer, of course, and, in J uly, : midday temperatures Koa 
the water at the surface were as ge 


___ The depth-temperature curves in the vicinity of the dam show temperatures — 


Bi decreasing { from the surface to a depth « of oe ut 200 ft where about 52° to 54° F pay f 


ow great an i 
fect the n mixing caused by : a temperature “urh-over” may on density cur-- 
rents and stratification; but the evidence seems to indicate that in the — 
winter of 1936-37 the entire mass of water in the reservoir came to a temperature he. 


that was essentially uniform, and it seems likely that the water throughout — . 
cea the entire reservoir was of essentially unifor orm chemical composition. — 
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= GROVER AND HOWARD ON TURBID WATER THROUGH LAKE mut i 


ne) 


It is whether the turbid (if there was any at time) lying 


a cee es the bottom of the lake was involved in the “turn-over” of the winter of om i 
= 1936-37; but it seems probable that its density may have been so great that We ae. 
eS : little or none of it was so involved. The water brought into the lake by the ng 


ey spring floods carried considerable quantities of suspended matter, but usually — 


those floods carry larger particles, chiefly, which settle quickly. The'spring 
run-off was low in dissolved matter and its temperature was somewhat higher a 
# than that of the water previously stored in the reservoir. It seems likely, 7a 
” therefore, that the incoming flood water with its lower density, because 2 of lower 
content of dissolved matter and higher temperature, spread out over the surface 
a ts . of the lake and mixed only slightly with the main body of stored water. _ ¥ 
i cof Observations made by the Bureau of Reclamation during January, 1938, i 
= 3 at different points in the lake showed that temperatures r: ranging from 56° to 
= _ 59° F, at the surface and in the top 100 ft of the lake, were quite uniform, and — 
ag = that at greater depths they varied between 53° and 56° F. In March, he a" 
* temperature of the water at most depths was between 52° and 55° F. It pee ‘ 
likely that the top layers of water (possibly the upper 100 or 150 ft, at least) a 
a mixed during a “turn-over” in the winter of 1937-38, but the available Bh 4 
data are not sufficient to show that the “‘turn- -over” affected greater depths. 


Sample of water collected at different depths show variations in the quantity 3 


of concentration of the water at different depths. 


‘thorough. values of specific conductance given in Table 11 indicate ‘the 
The stratification throughout the lake is apparent from these data, ‘The 


of the lake, but the total quantity of such concentrated water is a cma small fraction 


ink TABLE —AVERAGE OF SPECIFIC or WATER AT 
+ T H AD z 
level) | Oct.|Dec.| Jan. ier. Sept.| Nov.| Jan.| Mar.} Sept.| Jan.| Feb. | Mar.| Sept.| Nov. 
84 | 88] 92] 104] 71} 81 | 96 | 103 | 76] 98 | 103 | 103 | 85) 110 109 | 
fare | 221 | 217 | 116 | 121 | 1194 got] 128t] 18st] 121 | 133 [135 | 127 
700 «+4145 |124 |129 | 143 | 123t/167¢| 166T| .... 


Specific conductance X 8 = parts per million of dissolved solids. 
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GROVER AND HOWARD TURBID WATER THROUGH LA 
considerable depths of water from year to year r appears to o the writers to. 
of at least two phases: (1) The annual “turn-over,” which so thoroughly 

ie mixes the water near the he surface that it becomes essentially uniform i ‘in cl chemical bd re 

Es: qualities and in temperature, », and which does not inv olve, perhaps, a stratum 

gt the bottom of the lake (where the water with its load of silt may be of rs: 

4 density that it does not mix with the remainder of the water at the time of the _ 


“tyrn-over”’) ; ‘and (2) the inflowing flood water that contains less dissolved 
; _ matter and is less dense than the water already in the lake and, noone 


dev elop which lead to mene oF less which pe persists 
until the next “turn-over,’ ’ when the cycle starts again. Into this cycle that is — 
relatively uniform in the times and types of changes, there ¢ come the 
~— yniform and erratic turbid discharges carrying g such fine silt and of such rela-— 
tively great density that they flow as fairly a streams along the bottom — 
“a - ‘The apparent n mixing of the lake water at times, and its failure to mix at ; 
- other times, is of interest in relation to density currents which may not involve _ 
flo flows of turbid water but, instead, may inv olve flows of water of such varying» : 
- concentrations of dissolved salts that they may be of concern to the users of 
water discharged from the lake, as Mr. Hill has 


iimpeetion between laboratory and field. Data obtained from observations — 
- made under field conditions furnish the only sure knowledge of such complex — 
phenomena. Because of the complexity, field measurements must be directed _ 
by laboratory experiments and theories in order to obtain necessary pertinent — 
facts without an undue waste of tiine and effort. 
_ Theories and criteria of stratified flow have been developed in laboratories, — 
. and vg values of the criteria, seemingly independent of the size of the surrounding © 
apparatus, have been obtained from laboratory experiments. One such theory 
was described by Mr. — who made an attempt to apply it to the data 
presented in the paper. The application involved several assumptions as to 
“density: and velocity distribution, which are not immediately susceptible to _ 
_ proof or disproof and which could be verified only by their determination under 
field conditions, including measurements of the magnitude and direction of 
currents and of the densities and viscosities of the waters in the reservoir sO as 
to chart and define, completely, the strata under consideration. In order to 
expedite the task of obtaining such data and the “necessary correlation as to 
places of n measurements, it would be ne necessary to devise a combined current — 
‘Meter, direction indicator, and distant-indicating hydrometer—a difficult but 
: not impossible task. _ A sonic depth- finder might a aid ‘in determining 
deposition of silt in a large and deep reservoir. . 
___ Assuming that these measurements have been nation = have confirmed the 
- eriterion of stability found by the laboratory, the next step might be an attempt 
7% _ Further study should include a large amount of field work to ascertain the 
position and extent of the stratum of turbid water and of the strata of water of 
different densities throughout lakes of various sizes. In 2 a reservoir ai as 
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"GROVER ‘HOWARD WATER THROU GH LAKE “MEAD 


as as ‘at the lower and upper ends. continued study 
_ of the characteristics of the i incoming water will be of tendemmnaial importance « 
in the interpretation of the results obtained from the studies within the lake. ‘3 
It would seem desirable to have re observations made in reservoirs which would 

be typical of classes so as to have information on the effect of climate, topogra. 


phy reservoir characteristics, and inflow characteristics on the occurrence of 


the phenomenon of f density « currents. 
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_Witsoy, Juuws L. SPEERT, R. C. SHELDON. baw. 

argument for the increased use of the horizontal geodetic control 
gstem, is offered in this paper. It contains: (1) An “Introduction,” includ-— 
ing suggestions to the engineer when he is beginning to use this control; 
(2) ad description of the origin and use of such a system, » followed 8 success- 
fully on the Panama Canal for twenty- four years; (3) an analysis. of the 
E “errors developed by using the aystem of control in the Canal Zone ; (4) an bb eg a 


analysis" of the errors: "developed by using the same system near the 


Ww. J. C. Georce D. Ww RM 


is; 
-Fortieth: Parallel of Latitude; and (5) the writer’s conclusions, 


ecent Geodetic Work. —Sinee 1930 there has 


geodetic contr it in the United ‘States. The main triangulation net of the 
‘United States: Coast and Geodetic Survey is nearing completion, giving 
addition to this’ many chains and 
‘traverses have been established by various other organizations, and, more 
‘Tecently, by the ‘State Relief Agencies. Some ‘States have begun to tie 
their: gurveys_ to the National Net. 

all All” work done, and Touch more that for the near 


is lille’ “that ‘engineers surveying engage in 
discussion to determine the best methods of using control 
At present (1937), the only ‘engineers who use the geodetic con- 
trol, as it should be “those employed in the Mapping Divisions 
% a the U. S. Coast and Geodetic Survey, the United States sc 


Nore. —Published in | April, 1937, Proceedings. 
Asst. Engr., Section of Surveys, Canal, Balboa Heights, ats, Canal Zone. 
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Surveyor refuses to work with geodetic positions. The published informa- 

tion on subject has many statements explaining the for. State 


Wide plane co-ordinate systems, such as the following (11)*: “Of course, 
all | engineers would use geodetic computations, there ‘would not be need 


~The reason for “this reluctance to use geodetic control is apparent to 
any engineer who has" attempted to adapt it to every- -day survey. work, If 
he finds a geodetic control point in the vicinity of his work he geen 
wants to use it. Then he goes through the following eycle: He looks ks up 
the position of the point in the geodetic reports and finds in degrees, 

‘minutes, seconds, and in decimal parts of seconds; in some cases the sec- 
onds are given in meters. In any case, he must go to the textbooks for : 


_ information as to the. number of meters in a second or ‘in a minute of 
latitude and longitude, before he can base his survey on the point. There de 
finds : (a) Pages: of material on the methods used in reconnaissance 


the triangulation; (b) more pages on the ‘methods: of. "observation; (c) 


"lengthy descriptions on the measurement and accuracy of base lines; 
(d) some sketch; information as t to ) the e computations; (¢) detailed descrip- 


tion of relatively simple operation of precise Jeveling; and 


1 


i of seconds to meters is tos’ for the of a 

on surveying, it is too complicated tous. 


publications of the Government 8 ubject 


(see Appendix), if taken as a whole and carefully studied, give a complete 
ee of the necessary process ; but, unless one has all of them at his on 

disposal and studies them thoroughly, he is likely to become confused and 
_ decide that geodetic control is to be used for surveys covering large areas me, 
only beginner will not find a clear -step-by- “step explanation. as 
how to tie a local survey to geodetic co- -ordinates, except by the use of plane oe 
Plane Co-Ordinates Used as Substitute. —Realizing the necessity for 
tying their work to the ahem net, some of the more progressive ‘cities 
_ have made geodetic control surveys of their area; but as a basis for actual 
work they have substituted plane ordinates, which | are about to be 
adopted as a standard practice. . This is unfortunate because the ‘objections i 
the use plane” ordinates are 2 numerous, ‘sed; increase with. the 


distance from the origin. In addition to the fact that it is | fundapeentally 


ae Wrong | to use plane co- -ordinates in surveying areas on the spherical] surface e 
a of the earth as if it were a plane, they are also confusing to the surveyor — 
has always used ‘the meridian as his line of ‘reference. True azimuths 
must be corrected when using plane co- ordinates, | the correction depending 
a oe on the position of the point with. reference to the origin of. -¢0- ordinates, — 


— 

*For reference to figures in see “Bibliography”, in 


‘Errors are certain to occur where two co-ordinate systems join. 
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HORIZONTAL GEODETIC CONTROL 


or Groveric Contro. Must Be 


de order that the « engineer may be encouraged to use this eee 
= in his every- -day work (and it would be an aid to every engineer 
having any kind of survey work to do), its simplicity must be emphasized. . . 
comparable example is in the use of geodetic: levels. Their advantages 
instantly admitted ‘and they are whenever possible, even where © 
profile levels must be run for miles to base some project on the common 
sea-level datum. If the horizontal geodetic system were made as simple to 
understand as the vertical system, it would be used by all engineers, 
Horizontal Geodetic Control Is Easy to Understand.—Surveyors 
engineers have generally understood and used. the fundamental principles 
of geodesy; that is, that the earth is an approximate sphere, that north 
ig always to the pole, that the meridians of longitude converge, and that — 
parallels of latitude ‘are curved lines run on the earth’s s surface. 
Children are taught in the elementary grade schools" that the earth is a 
sphere: and that points are located on it by measuring from the ‘equator 
and the ‘meridian through Ghteneich, in terms of degrees and n minutes of © 
— atitude and longitude. Therefore, it is easy for any layman © to understand 
that the corners of his lot or farm are ata a certain latitude and ongi- 
ta tude, based on these well known references. 


“When engineering students are college that 
ignore all that. have previously learned about the shape of f the earth; 


and that they are to consider it a plane surface for surveying ‘Purposes, 


step backward ; a step that is entirely unnecessary. They should be told tonne A a 
- that: (1) All points located by the U. S. Coast and Geodetic Survey are 
tied to the equator and to the Greenwich meridians by an average of many © 
observations ; (2) it is their duty | as. surveyors tie their ‘surveys to 
— such points, wherever possible; and (8) the computations ‘to do this are no 
‘more difficult than those involved in ordinary surveying. 
to Beginners. those who have never 1 made any study 
“of geodetic control methods the following simple facts will be an aid. 
The computation of geodetic positions a distinct and separate opera- 
tion from adjustment of any kind; that is, no least squares computations 
are involved in the simple computation of geodetic positions. Having the — 
geodetic position of one point and the geodetic | ‘azimuth and the distance _ 
" cae that point to another, the geodetic position of the second point and 
the geodetic back azimuth > are computed in the standard printed forms. — 
‘The computations for difference i in latitude are made by multiplying the : 
length of the line be between the points by the cosine of the azimuth times 


factor taken from tables. The purpose of this factor is to convert the 


meters of length into seconds of are, at the latitude of the initial station. oe 
This latitude difference is then corrected by three other values all of which - 
vary, in some “degree, with the sine of the azimuth (that is, 

i on the difference in longitude) . The computation for difference in longi- 
tude the ‘the line | by om of the 
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a factor, then from 
"tables: ‘at the latitude of the new y station. factor converts the 


Although ‘the standard forms geodetic computations of 
Coast and "Geodetic Surveys and the Geological Survey are well” "arranged 
for the work as done by those Bureaus, they are not a good guide to the ae 
beginner. The computations are in steps as follows: aving ng 
geodetic azimuth from one known | point to another known “point by a 
computation, the geodetic azimuth ‘to the unknown point is com- 
puted by a simple addition or subtraction 0 of the angles at the known 


(spherical ‘excess corrections are necessary in the case of. very. large tri- ue 

4 angles); (b) the difference in latitude is. then computed by the ‘steps sand 

corrections shown on the standard form, and is followed by the computa 

‘the ‘difference in longitude; and the ‘difference in azimuth is is 

computed last. On short lines it is not necessary to apply all the correc: 
tions ‘to the difference in latitude as the values found will be negligible. 


‘The entire operation requires only a knowledge of logarithms and ‘simple 

trigonomet * 


 Astronomic azimuths and positions are that are determined by 
observations on the sun, moon, or stars. Geodetic azimuths and positions 
are those that are ‘computed and carried forward by geodetic computations. 4 
a Astronomic azimuths ‘positions should check with the geodetic azimuths 


Controt System oF PANAMA CANAL ZONE 


Fix ‘Origin. —Since 1911, the Section of Surveys of the Panama Canal Zone 
has used a system of geodetic control as the base for all surveys. It has 
been found to be of great value in avoiding confusion, as all surveys are 
reported with positions of latitude and longitude. No special study is neces- so 
_ sary by those using the system. — In the vicinity of the Canal surveys are ue 
_ made by five different Canal o or ieee organizations as well as by RA 
some private engineers. It is possible for each of these agencies to use the es 
work done by any or all the others be because all surveys. are tied to the one © 
common Panama- Colon Datum. zi ped? sh 
the beginning of the construction of American Canal, 
the several years of the pr preliminary work, a ‘situation. existed on the 
Isthmus, with respect to onnvey control, that was much worse than that in 
2 United “States: prior the establishment the Standard North 
ze Datum. There were many different systems of surveys that 
joined and overlapped each other withent a common base. On the Atlantic 


which “were based on an of 
Colon Light-House. On the Pacific side, there another cystem of 
triangulation based ‘astronomical determination the south tower 


of the Panama he two. astronomical 
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s-tie between the two systems, although there were many. 
lines covering the construction area, established by y both the French 4 
American engineers. This situation led much confusion 
especially where the work of two separate divisions met. reg 
In 1910. and 1911 a base line, 3 785.454 m long, was surveyed on the 
al ‘Tayernilla (now covered by Gatun Lake) and measured to a probable 
of 1:700000. A triangulation system, called the primary system for 
a local purposes, consisting of twenty-three stations (including the ends of the _ 


base | line and the stations of the old Atlantic and Pacific Systems) was care- 
ee : - fully located and measured. . The triangles of the primary system had an Yy * 
a average closure of 1.98” and a maximum closure of 5.12”. The computations — — 
and adjustments were made in Washington, D D. C., by the U. S. Coast and 
Geodetic Survey, by which Mer classed as secondary work. Serious 
Be di discrepancies were found between the positions of the two systems on the © 
s opposite sides of the | Isthmus. After having made all possible corrections ae 
. Fe to these positions, dual positions were computed through the primary 
7 system (using the i initial astronomic value of each 1 of the old systems) for — 
the Balboa Station in the center of the Canal Zone. ‘These two positions — 
were then averaged and the mean position of the central point was a 


s as the common datum, called the Panama-Colon Datum. edt Ao 
Approximately seventy “supplementary triangulation points. were estab- 
“lished, and the angles: observed, computed, and tied to the primary system ; 
“ ee these angles | were observed with lesser care than those of the primary | system i . 
ee and the computations were made locally; they are considered the secondary 7a oa 
4 system. These triangulation stations were the base for all surveying | done 
“a © on the construction after 1911 and | since, in the maintenance and opera- ere a 
eet ~ 
s hd tion of the Panama Canal. _ They are also used for the control of that part of a 
" > 4 the military m maps ‘covering the vicinity y of the canal, and as a base for extend- a a 
ing triangulation surveys covering both coasts. Since the ‘establishment 
“we of the main control system, it has been necessary to extend it for particular ou 
af, ‘points, , and to produce control to desired places. There are now (1937) about 


250 triangulation points (most of which are second-order points) the 


“aa area around the Canal Zone; the ‘ead area averages about 4 sq miles — 
per station. This complete system is comparable to the geodetic control 
net of the United States and all the ‘supplementary work 


in _ When this t triangulation ‘system 1 was established ‘it intended to be 


h used. as a control on which a system of surveys would be 
2S The proposed plan was similar to that of the General Land Office surveys = 
ic (although 1 not in method), modified somewhat to. resemble the systems of q 
n = _-fectangular co- -ordinates that were then being adapted to some of the large at 
7 
or 4 


id 

= 

10 


features in the of the Zone. To complete this 
the surveyors, some of whom had previously worked on the triangulation ae 
system and were thus familiar geodesy, adopted the present eystem 
practical substitute for the planned scheme. hun 
Control of Maps and Municipal Surveys—In working from triangula- 
tion net the Canal Zone the procedure: varies with class of sur- 
to ‘te done. ‘most of the surveys in the ‘occupied parts of the 
iw - Canal Zone, at the terminals, and along the Panama Railroad, , the Section 
of Surveys has placed control points on the curbs of the streets and in other 
- aecessible places. 7 These points are located by ordinary transit and ats 
traverse with an accuracy of 1: 5000. Since there ownership 


suburban district of an American city. ot 

_ For work involving the boundaries between the Republic of Panama and ae 

4 the Canal Zone, or for the boundaries of the military and naval reserva- 

_ tions, transit traverses 8 are tied directly to the triangulation system. a 

“surveys are. run with a varying accuracy, depending» on the location and — 

importance of the lines. For the computations of positions on all a 


transit traverse lines the procedure is as follows: 


— (1) All triangulation stations are recorded in a card index. The card 

for each station gives the po position of the station and the azimuths and 

distances to the observed stations (see Table 

TABLE 1.—Sampte Carp Fie oF RIANGULATION 
do (Ancon; Primary ; Elevation, 654.0 Feet) 


Latitude 57’ 25.526" hy 2572.75 ft 


est 


di The positions are given with the seconds reduced to ‘feet; this reduce 
tion is made 1 very easily from tables which | give the length, in . feet, to three 4 
decimal places | for the seconds of both latitude and longitude for every “4 
‘minute of the variation between minutes is small, 4 


| minutes is 3 satisfactory for “most purposes. 


from Special Publication No. 5 of the U. Ss. Coast and Geodetic Survey (6). “ig be 
s surveyor consults this card index before beginning a survey from 

a station and uses the correct azimuth. On closing his survey another 
— be in made in 
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the an Lite the, in geodetic azimuth 
because of the difference in. longitude of the two stations, . No lines are 
run locally that are closed on the same station; that is, closed circuits. 
In computing the traverse this error, with a all the field azimuth errors, is — 
balanced evenly over the angles to close on the two triangulation stations. 
- Thus, the azimuths i in the computations are approximately correct, depend- 
ing on ‘the evenness of the course lengths; if some lines are much shorter | 
- than others, or if a series of short lines is followed by a series of long © 
aa lines s, errors will be introduced. For most of the work the errors in 
= - running the line are far greater than those that develop from this differ- 7 
ence in azimuth between stations. It is scarcely realized hg tee men 
the work that there is any difference, wal ov 
iy 3H After the angles are balanced the line is then computed in the ordinary 
manner by converting the azimuths into bearings and using the sine and . «= 
cosine | to obtain the latitudes and departures, The line is then adjusted to 
0 on triangulation stations distributing. the error of 


Latitude Latitude 


Feet in 1’| Feetin 1” | Peet in 1” | Feet in 1” | Feet in 1” ‘Peet in 1’ | Feet in 1” 


(0) In THe Unirep States; Latirupe, 40° 


047.36 | | 
.189 
.190 
.190 
.190 
191 
191 
191 
1.192 


_ 


N 


- 


-2 


vad For the computation of lines using this system it is necessary to have 
# table ; giving the value, in feet, to the nearest hundredths of feet, of the 

“minutes of latitude and longitude, for each minute of latitude: Such e 
table, a section of which is shown in Table 2, -eovering the t degrees 
of latitude of local interest, consists of one sheet slightly larger than | 

letter size; the table, mounted on cardboard, is easily consulted by com- _ 
: puters. When, in summing up the" feet of latitude or longitude, the values 

go R above those for 1’, the proper value taken from Table 2(a) is sub- 
tracted or added to the sums and the next minute placed in wren ‘minute Pag 
Table 2(a) can be prepared in several ways. The method gives the 
% more accurate value in feet is, to make an inverse geodetic calculation 

‘to obtain the distance, in meters, between two points on the meridian or 

2 on the parallel 60” apart, at the latitude desired. In the case of a line with i. 
an azimuth of 0°, or 180°, the computation for obtaining the distance in lati 
reduces to the simple division of the distance between the in 
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seconds, by the factor from the tables, as all ‘the a 
of the sine of the azimuth, which is zero il in this case, and the other tg 4 
: term is divided by the cosine which i is unity. The _ value found by the i inverse 


calculation is in meters and is converted to feet to be included in Table 2(a), 
_ The computation for the distance in longitude is made in the same man- 


ner; the operation of making the inverse calculation requires only one “multi- 
“plication 1 and one division in this « case, ‘in ‘addition to the reduction of meters 
h ae n to feet. These two tables (Tables 2(a) and 2 (b)) can also be prepared by the | 


¥ use | of tables that can be found in Special Publication No. 5 (6), which give 
a the lengths of the seconds of both latitude and longitude for each minute of as 
wz —— Matitude in meters This latter method does not give accurate values in the 
decimal place because of a 2 lack of sufficient significant figures in the 
hi values given in Special Publication No. 5 of the U. S. Coast and Geodetic pre 
Methods ‘Used ‘tev ‘Surveys. —Triangulation is s used for 
locating points with a higher degree of accuracy than by the transit 
traverse method, or for determining the positions in a truly geodetic manner. a 


Quadrilaterals, using the stations of the existing system, are observed and = 


adjusted. The observations are made with a repeating theodolite, reading | 
to 10” six complete sets of angles, both ‘direct and re reversed, orien 
closures, are ‘turned. The standards of secondary triangulation are obtained 


standard form (No. fo. 9-902) prepared by the U. “Geological Survey (4). 
Values for the corrections can be : found : in Bulletin 650 (4), or in a Special — aS 


in the ‘Computations: of Traverses.—The system of ¢ com- 


putation for traverse positions does not give | exact geodetic positions, but os 
it does give positions tl that are nearer to the truly geodetic than can be 
determined with the survey ‘methods’ used. ‘The line that would yield the 
- nearest to the true geodetic positions of the points would be one with many 
equal courses. _ The balanced azimuths would make the line 
the curve of ‘the earth and the computed positions, to be nearly geodetic. 
‘The line creating the worst condition would be that containing one long 
Straight course. ‘The direction of the line also affects the difference between 
the positions as computed by this system and the true geodetic positions. ds 
) Lines running north or south are affected very little by the geodetic correc- — 
tions, being only concerned with» the. difference between the spheroid of 
; 7 reference and a true ephere, whereas lines running east or west must be i 
 eorrected for convergence of meridians. these reasons the computa- 
q tions for errors were made on the basis of a line running due west con- ne 
‘Table 3(a) was prepared by taking an even degree of latitude and longi-- 
arog tude as a base and computing geodetic positions of points at varying dis- a 
tances on beginning at ‘the b 
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degrees. These positions are. placed ft in (2) an int (4). They would 
represent triangulation stations at the various distances apart. The ‘differ-— 
ence in azimuth is placed in Column (6), Table 3(a), and shows the 

‘maximum difference that would appear in the azimuths lines run 
P) ‘between stations at the same distances apart as those in arn ah 
The positions of the same points on the same straight line are then com- 

puted by the use of the sine, cosine, ‘and table method (see Column (7)). i 
‘The difference between these positions and the true geodetic positions is _ 
shown in Column (8), ‘Table 3(a). It will be noted that the 


longitude are ° very small. The proportional error is shown in Column’ (9). 


: ‘TABLE 3.—Maxtuum Error PossIBLE 


Longitude 


— -——— sineand | Latitude 
Latitude Seconds Azimuth seconds 
8° 59” plus i ngi- | difference essed 
seconds: 


79° 00’ 00.0000} 000 | 79° 00’ 0000.00 
00’ 49. 5000. 
79° 39.7898” 79° 3087.37 
79° 08’ 18.9495” 79° 08’ 1898.96 
79° 16° 37.899 | 79° 16” 3797.92 


00.00000"t | 6 071.33 | 79° 00’ 00.0000" 
‘| 59. 6 071.31 | 79° 00" 12.8493” 
79° O1' 04.2466" 
33 | 79° 02" 08.4934” 


| 79° 00° 1000.00 

41.30" | 79° 330.497 
1' 22.59" | 79° 02’ 660.98¢ 
2’ 45.19” | 79° 04’ 1321.96 
4 7.78” | 79° 06’ 1982.949 
6’ 52.97" | 79° 10’ 3304.909 
13’ 45.94" | 79° 21’ 1940.204 


79° 04’ 16.9865” 
79° 06’ 25.4794” 
79° 10’ 42.4663” 
79” 21° 24.933 * | 


22essse: 


§ 39°59’. { Latitude by cosine 


Table 3(a) shows the maximum errors: that be introduced in any 


line run between stations which are the distances apart 
shown in Column (4). Tt is clear that this” maximum error + will not 


triangulation stations. If this were done the balanced azimuths would ‘a 
be the average of the forth and back azimuths of the line and, if this’ co 
used in the sine, cosine, and table method, the line would check 
exactly. To show a more practical determination of the errors it was 
assumed that the ends of the aforementioned line were to be triangula-— 

tion stations 100000 ft apart, and that a traverse was run between them 

_ With points as shown in Oolumn (1), Table 4(a). The angles were then 

balanced over these courses and the traverse was computed in the usual 

way, using the sine, cosine, and Table The unbalanced traverse is 

ompared with the true geodetic positions and these errors are shown in . 


Columns Table 4(a). The Tine was then corrected to close 


a — 
§ 

a 

— 
a 
lim 

H 

00000"t | 6 047.38 0 0 
30.0000" 6 047.376 04] 250000 
n 599001 * | 6 047.29 56000 
a 59.9962 * | 6 047.00 26000 
d 59.9850 | 6 045.87 | 13000 
59.9629 ” | 6 043.64 4) 800 
a 50......] 59.9061 | 6 037.92 46) 5200; 

100......] 59.6246 ” | 6 009.54 4 | 600 

ix 4 0.50 | 10 000 
19.76 | 1 500 4 
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to the of the courses, thereby lessening» the | errors to 
values, as shown in Columns: (10) and (11). Table 4(a) shows the errors — 
in this particular traverse; it would be possible to arrange a traverse that 
would give any closures and errors rs desired, but this was considered to be 
an example of the worst condition ever likely to be encountered in the field. 
Most of the traverses run will have better distribution of Tength 


this, and will have “errors be 1 less" than those ‘given 


“8 
TABLE 4.—Errors on ExtreME EXAMPLE | 


tance, Increment ition Error, Balance Final 


Station | in thou- ama"; seconds | in ' | to close, | error, in 


{> 


(a) In Tow Panama Canat Zone; 9° 


59° 40. +6 047.29 
59’ 21.0” ‘ +6 046.53 
59’ 01.5” +6 045.09 
58’ 42.0” ‘ +6 041.31 
58’ 22.5” : +6 036.58 
58’ 03.0” . +6 025.21 
57’ 43.5” - 33. +5 992.13 


+ 
+ 
+ 
+ 
+ 


t 

+5 954.28} 

779.02 


Original azimuth, 90° 00'00”. 40°00’ plus. 39° oe” 


Use of This Same. in United 1 States—T The of the 
Section of Surveys” is hired locally or requisitioned from the United 


States fr young ‘men with some ellen. training and general field 


oS attempt is made to find men trained for geodetic work. es 


These men work with system after a short period of 


of is such that these new men soon ‘wonder why 


similar system is not. used generally | the United States. al 


yal One of the reasons for the adoption and the success of this system of a 


surveys on the Canal Zone is the fact that, being near the equator (the 


Canal Zone is between Latitudes rs 55” and 9° 25), the effects of geodetic . 


corrections are much less than they are 30° or 40° farther north. Tables a 
3(b), a nd ‘4(b), similar to Tables 2(a), for the 


Parallel of Latitude, were prepared to show the errors that would be develope 
in using the same system at the Fortieth Parallel of Latitude 
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— 7.06 4 200 | + 5.22) — 1. 12 
=12-71 | 3 900 | + 8.70 | 4.01 | 12 
» 3/99 | +6 066.84 =10:00 | 1 000 | + 9:22 | — 
30° | +6 059.33 | 063.32 24.01} 830 — 9.61) 3100 
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The di a be from the arguments “given in this 
i (1) Plane surveying is out of date, and any mention of it should be — 
a avoided. Any system of surveying that does not fit in with the positions bs =a 
of the National Geodetic Net is doomed to eventual failure. 
5 (2) If it were ere clearly understood by the engineers of the United States — 
C the computation of geodetic ‘Positions had nothing to do with least a 
adjustments of any kind, and that t these computations were very 
eg easy to make, geodetic control would come into ‘common use. 7 phat 
Pe mo (3) A system such as that described herein is a valuable aid in | ~per- 
forming all kinds of field engineering work. 
7 ow For the e greater part of engineering work the lines can be run 
between the triangulation stations, ignoring the geodetic corrections, ‘because 
the errors of the > measurements it in the 


For the few occasions when it is necessary to determine Positions 
that require the use of trangulation : and the ‘computation of geodetic posi- . 
et ws these positions can be determined by the average engineering oe 


a The Canal Ze Zone system of triangulation w was begun under the direction = 
of C. M. Saville, M. Am. Soc. OC. Ez, then Assistant ame 
a the Third Division of the Office of the Chief Engineer of the Isthmian ~ 
Commission. method of using the system was: begun under his 


Fortifications Division of The Panama Canal, under the direction 
Engineer C. Jones, and by the Dredging Division 

Panama Canal, under the direction of the Superintendent, J. G. Claybourn, 


“APPENDIX 


The books and tat were re 
this pap paper, and from which information was taken, are: rr 


hed The Theory and Practice of Surveying, by the late J. B. 


M. Am. Soe. E, and Leonard S. Smith, M. Am. Soc. 0. E. 


(2) Surveying Theory and Practice, by Raymond . Davis, M. Am. Soe. 
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| Survey, 


by OC. H. Birdseye, M. Am. Soc. » Bulletin 788, 


(4) Geographic Tables” and Formulas, compiled by Samuel 8S, Gannett, 
of bivoda. Bulletin 650, U. S. Geological Survey. 
Formulae and Tables for the Computation of Geodetic Positions, 


Publication No. 8, U. S, Coast and Geodetic Survey. 


ead (6) Tables for a Polyconic Projection of Maps and Lengths of Terres- rf a 
4 trial / Arcs of Meridain and Parallel, Special Publication. No, , 


me w (7) General Instructions for the Field Work of the United States Coast — 
Geodetic Survey, S ecial Publication No. 26, U. S. Coast 


(8) Use of Geodetic Control for City Surveys, by Hugh C. Mitchell, — me ae 
or Special Publication No. 91, U. S. Coast and Geodetic Survey. 
(9) Technical Procedure for City Surveys: Manuals Engineering 
Practice No. 10, Compiled by the Committee of the Surveying 
‘and Mapping Division on City Surveys, Am. Soc. C, E. 
(10) Relation Between Plane Rectangular Coordinates and Geographic is id 
"Positions, by Walter F. Reynolds, Special Publication No. 71, 
Manual of Plane Coordinate Computations, Oscar S. Adams t 


Charles N. Claire, Special Publication No. 198, U. S. Coast 


and Geodetic Survey, 
(12) Grid System for Progressive Maps in the United States, by William ee 


M. Am. Soe. C. E., Special Publication No. 59, | 
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ISCUSSION 


KissaM,°® Assoc. Am. Soc. Cc. (by letter).— A most im- 

portant ‘and basic conception has been by Mr. Sheldon. He has 
indicated the prime of establishing the position of all horizontal 
survey points in relation to a single fundamental datum, ‘This principle 


be emphasized too strongly, and its general adoption at s some 


capable of quick determination. "Although the advantages of such a. 

dition are too many to enumerate herein, a moment's thought will ‘convince 7 
reader that ‘every effort ‘should be made to attain” this” aim. As Mr. 
* ‘Sheldon states: “A comparable example is in the use of geodetic levels. 

4 ‘Their advantages: are instantly admitted they are whenever 


great survey and the relationship between all survey points» will 


the common sea- level datum 


two indirect benefits will obtain is 
_ & horizontal datum. It will be usually necessary to connect it with two 


“or more. known control points. With such a connection a check on 
curacy will be obtained | and results can raised 


points of a survey will have a lasting value it will be well wl 


- and data relating to these monuments. _ The cumulative effect t of 1 monu- 
‘menting on standard will ‘farthse “advance the acceptance 


7 illustrate adoption and the of 
system when it is known — and available. He states that it has been used — 

ie a base for all surveying on canal construction since 1911, for control 

a of part of the military maps, as a base for extending triangulation, for 

_ ‘municipal construction, and for the boundaries of the Canal Zone and 

Without question, the standard datum that should adopted is the 

North American Datum of 1927, as ‘advocated by Mr. Sheldon; but the 7 
_ method of expressing positions appears to be open to question. _ Thus far, 

two methods have been developed which offer the requisite charac- 

teristics ; both have sufficient _advantages in their favor to merit careful 


Coast lead Geodetic Survey advocates State plane co- sys- 4 


: while to place monuments at the stations and to record the descriptions a 
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tems based projections especially: adapted for t 
projections have already been designed by that Bures 


State and in States they are already in use. 


he purpose 


graphic position can be computed ‘meee to the plane syster m existing 
‘the area. ‘Likewise, the plane or “ grid azimuth can be computed 
from the geodetic azimuth at any known position. lasiverth al tut 
Although Mr Mr. arguments advocating the use of ‘geographic 

- positions are sound, the arguments he has chosen against plane co-ordinate 

_ systems seem to the writer to be valid only when local co- ordinate systems 


are considered. State- -wide syi stems have not been carefully weighed; in 


- fact, thay: have been only mentioned by reference to Special Publication 
No. 198, of ‘the U. . 8. Coast and Geodetic Survey (11).2 In most areas, 
these State systems will produce a higher degree of accuracy than the 


"geographic positions to plane -ordinates, 

os It may be stated ju ustly that in many commercial surveys a high degr 
_ of accuracy is frequently not of major importance ; Sere of precision 
not the basic ‘the Proposed. 


c a 


4 ‘Tt is a fact not susceptible of mathematical deduction nor + scientific = ee 
Coast and ‘Geodetic 
finally, to o adopt plane c co- pring a long and careful study 
of the question. It was the basic argument that influenced the Federal he 
Board | of Surveys and Maps to recommend the 1 use of plane co- ordinate 
to its twenty- -four member Federal mapping agencies. The fact is tha 
F engineers making surveys over a limited area or of low | Precision am £ 
use geographic positions, and are entirely justified in so doing. 
_ To the writer it appears that the cause for this ‘stand is not the ack 
= of a simple geodetic manual, nor the lack of training received by engi- 
‘neers as students, nor ‘any other ¢ cause that can be remedied. If a remedy one 
were available, the writer would recommend «plane co-ordinates for the 8 
present and geographic ¢ co-ordinates for the future, because it would take fom 
80 many years to change » the thought | in the engineering schools and in the 
the general @ common datum might be 


veial precision. "The recommended ean be criticized 
its lack of accuracy. . His suggestions could not be better chosen as guides — 
the proper attitude toward geodetic reduction. If the writer 
could convince himself that geographic posi ions” should used 
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type of surveys under discussion (very large surveys must 

be reduced by geodetic methods), he would still recommend the — use of 

plane co- -ordinates if only as a stepping stone to the later addijtliin. of 
Unfortunately, however, the increase cost necessitated by the use 

of. geographic positions precludes their adoption for ‘commercial purposes. 

. If the engineer can be shown that he will receive concrete advantages by 
using a standard datum, he may be persuaded to extend his survey to 
control monuments; but the extra advantages to him of expressing the a 
stations of his survey in terms of onary positions instead of plane 
co-ordinates are “80 limited, existing: at all, that it impossible to 
justify any of the necessary increase in computing costs. 


‘The State ‘plane co- ordinate systems advocated are considerably be better 
i. 


than the local ‘mentioned by State systems are 


one part in ten thousand. | It appears that only a small percentage of “ 
engineers making ordinary surveys would be required to work in an area 
where such systems adjoined, and those few who might have to do so could © 
utilize one of the systems throughout their survey. | One of the great uses 7 
for a standard datum will for the description of property. In fa et 
is the writer’s that the demand for control for 
will be 80 great | that it y will ensure sufficient < control for all surveys. It will 
be only the gr greatest exception when a pl property “survey will cross from 
one State system ‘to another. The boundaries of the systems have been | 
especially arranged to Teduce further the possibilities of this occurrence. 
In conclusion, it is well to ‘emphasize the fact that Mr. Sheldon has 
_ Presented an important and timely paper, worthy of the careful study “7 
all civil” engineers. He shows the importance | of a universal horizontal 
datum and directs attention to the simplicity of geodetic reduction for 
ordinary ‘surveys. However, in spite of offense to ‘the mathematical sense 
that plane co-ordinates | invariably produce and also in spite of. ‘the 
culties encountered when two such systems join, the accuracy and prac- 


tical advantages: they offer make them invaluable as a means of establish- B oa 


‘ing the use, of universal horizontal datum and are are probably the best 
method of utilizing such a datum in any ty 
The question at issue ¢ could be "stated: as follows: Is the increased 
cost to the private surveyor, of computing geodetic positions for ‘ nt ‘run-of 
_ the- mill ” ” surveys, justified by the elimination of the errors and difficulties 
which may occur at the infrequent boundaries of adjoining plane 


| ordinate systems? ‘The writer that the cost is not Justified. | 

Raven Z. KirKPATRICK * Esq. (by letter). —After having had an initia- 
tory part in its development, the writer inherited, administratively, the 


of Surveys, Panama Canal, Balboa Heights, Canal zone. 
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"horizontal system in the Canal is described 


+. In any work of sufficient importance the method is likely to | warrant: 


the expense of the requisite secondary. and tertiary triangulation and trae 


verses. An interesting application | was in 1911-12 rectangular 


Zone Survey, a sectionalization of lands into 2-km squares. Unfor. 


tunately, when 40% of the intersectio ons had been determined in the field, 


the project was abandoned due to the adoption of the then new military = 
policy of nationalizing all lands and expropriating by purchase all ‘Settlers’ 


nds, crops, and improvements. we eid Jo 
_ The flexibility of the system has caused its use in the Canal Zone in 
virtually all: city, cadastral, topographical surveying (such a8 


tae 


Madden Road and Dam project), whether in the jungle or elsewhere, by m 


the Army, Navy, and the Canal Administration. An interesting and early 


7% therefore, the economic importance of which | ean scarcely be over- -emphasized. 


_m adaptation was in determining the errors: in ‘boundaries of certain Colombian _ 


rectangular land grants owned by the » Panama Railroad 


Hines had been run ‘by magnetic bearings and measured inaccurately. 
Studies of the old documents were made and certain long- time accepted 


boundary: points” were tied into the geodetic control, and new 
traverses were through the accepted points. Eventually, a ‘Position 

found for Point (the initial ‘point of beginning in the: 


tions of the 1855 grants), for which all conditions were met. It. was then 
learned that a mile- -post (mentioned in description), had been, 


many years before. Comparison of the true azimuths through certain of 


these points. revealed a compass variation of 7 east, “virtually” “checking 


the variation (7° 15’) on the 1855 map; with that checked, the steps in 


ing the boundaries in the field became 1 mere Toutine, 


B. Roserts,> Am. Soo. C. E E. (by letter) —A problem is treated 


i this paper which is vital to surveying and mapping Programs—a problem, iy 


+ {is q 
The author is heartily e endorsed in his plea for general use of geodetic control a 


in the co-ordination of surveys. Tt is thought © that this principle has the te 


of means to its end. The means advocated in this paper are open to strong 4 


Because of ‘its scope, national geodetic datum is 


support of most informed | engineers, and that ‘the problem, therefore, is one a 


tions is ‘necessary, as well” as 


any magnitude does not achieve fall value unless adjusted by least squares. 


checking of geodetic and _astronomie determinations in 
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rveySs on a scope demanding geodetic treatment, are provided for 

~ competent Federal and State organizations. The problem is how prac- 

ticably to handle local surveys, mainly traverses, so they may be defined 

in terms of, or relative to, the national datum, a sufficient number < of | 
4 ‘control points on that datum being presupposed to be available. 


(4) Use of geodetic and pure geodetic 
§ (2) Use of geodetic co-ordinates and plane — ‘computations; and 
(8) Use of rectangular co- ordinates on an arbitrary reference plane 


Method (1). —This method appeals to the geodesist because of its tech- 


nical perfection. It is true that ‘geodetic position computation in itself 


‘a is simple enough t to be understood by competent surveyors. It is ‘the: — 
aa form of geodetic computation that would be indicated in general for local 
surveys. Its use, _ however, the computation of points through 
mass of traverses comprising ordinary ing would be laborious 
generally unwarranted in view of the development o of Method @).. 
reason Method (1) is difficult to ‘popularize. 


surveys "end the simplicity geodetic. position computation, the a 


author tacitly acknowledges the laboriousness of geodetic position compu- 

for traverse work, and ‘proceeds ‘to advocate Method (2). Its” ad- 
vantages are the use of the | and simplicity, with no 
laborious ‘computations, and artifice, such as a plane co- co- -ordinate 
Its shortcomings in the matter of accuracy are serious. 
involves linear adjustment of azimuth discrepancies position 
closure ‘errors, in traverses between geodetic co mtrol points. Geodetic cor- 


‘rections are grouped with accidental errors adjustment. ‘This is il- 


logical, because the geodetic corrections have no linear characteristics; 
that is, they have no accidental distribution. 


‘Table 4 is an inadequate criterion of proportional errors, because it 
deals only with the special case of straight traverses. Tt is not an example I 
of the worst condition ever likely to be encountered. Although it is true 
“that most traverses would have better length ‘distribution than this extreme 


example, it is also true that they _ Would shave poorer distribution 


In the straight traverse cused as an example the linear 
_ distribution of closure _ errors tends to approximate the distribution of 


geodetic corrections. In a meandering or circuitous traverse this is ‘not 
3 80, a Ih the case of a traverse closing on its own n starting | point the algebraic ‘ 
im of the geodetic corrections is zero, resulting in their complete dis- 


‘regard by the linear adjustment. A moment’s ‘consideration makes it clear 
> 


that Table 4 has no meaning for other than straight traverses. ink) 


is unnecessary to this reasoning further. Even if’ the pro-— 
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ania! 


adjustments 
only accidental errors in this ‘case, are logical. Position com- 
putational m nethods are technically rigorous. The source of error lies in 
= the impossibility of correctly representing a spheroidal surface on a plane 
surface. The error, however, is definitely known, and can be kept small 
- The Lambert and Transverse Mercator grids ¢ established for the various — 
States by the U. S. Coast and Geodetic Survey make geodetic control 
available for use on plane rectangular co- -ordinate projections the Maximum 
7 - scale errors of which are kept within satisfactory limits. As an n example, md 
the entire State of North Careline was covered by a ‘single projection, 
at the very extremities which did the scale error r become slightly : 
1: 10000. Obviously, throughot ut the greater part of ‘the State 


= 
errors are “smaller. Even so, the scale error, everywhere” is 


m, such 


organizations the ‘computation of “necessary geo- 

detic surveys, and the definition of the control ‘points in terms of 

Projection. The local surveyor has nothing new, either ‘to learn or to 

to accept a ready-made grid instead of a local, ‘unrelated grid of his 

All the control “points will eventually be o1 on it, and his w ork will 
be that of plane survey computation in its ‘simplest form. Nevertheless, 


it will be on the national datum. ba 


- From the foregoing it is ‘argued that plane s surveying g is definitely ‘no a 
“out of date.” It is, in fact, finding wider use in connection with ‘the re 


projections described, and bringing the use of geodetic control more = 


expressed on a geographic base has no superior when “accurate methods 
measurement, and exact methods of computation, are used. Mr. Sheldon 


is to be ‘commended for endorsing it for local | surveying "purposes. How- “f 


rape 


ever, he uses an approximate method of computing whereby plane survey- 


ing methods ore applied to a geographical base, and the resulting data > 
are expressed in terms of ‘geographical positidns. ‘His field of activity 


is in the vicinity of the equator, and, ‘therefore, he is able to do this on 
without undue violence, because of small rate of convergence of 
i meridians, and because the area covered by ‘his surveys i is of limited extent. ee 
“Since he can do this, the author immediately Srrwenvep' the premise - that t 
such a method should be generally adopted throughout the United States, 
and concludes that. there i is no need for the adoption of the plane co- -ordi- 
- nate systems such as have been devised recently by the U. S. Coast and 


Geodetic Survey for each of the _Btates. 
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ot certain mathematical corrections which a are 
= corrections can be applied to measurements made on the earth’s surface, 
a in order to relate them to the plane, and they are not errors in the sense 
a mistakes, blunders, or “personal peculiarities of the observer, which apply 
to surveying observations. Mr. Sheldon considers these corrections, cuhioh 
are mathematically determined, in the same sense as errors of 
Table 3, entitled Maximum Error Possible,” purports to ‘show the 
a greatest errors which would occur for traverses computed by his 
method. Table 3 is because traverses do not t usually 
aa He applies a correction for azimuth eesuses equally to all such ‘is 
this eorrection is included the effect of meridians 


the length of line and its direction. any given for lines 
‘of equal length, it should be applied as a ‘maximum to lines in an east- a @ 
and-west direction, and as a minimum of no correction to lines extending a ae 
north and south. On a line which bears eastward the convergence should | 
be positive, and on a line which bears westward, it should be negative. 
Mr. Sheldon, on the other hand, distributes this effect, which is included 
in the azimuth closure, equally on all lines, even to” those running in a ; 
north-and- south direction and to those lying in ‘different quadrants. These 9 
effects of the convergence of meridians are not always small, and for tra- 7 


verses covering some distance the ‘discrepancy due to their non~ -considera- 


« 


tion, is likely to. be considerable. A little study shows that to adopt such 
system with its attendant discrepancies the 3 
Me, cee state e that no consideration should be given to 
meridians, because these effects are far overshadowed by the type of ‘sur- 
veying accomplished and 1 the accuracy obtained, is to take a rather limited 
viewpoint. Surveys” of ‘an accuracy of 1 part in 10 000, or better, 
being executed ‘by engineers and surveyors constantly, and work of this Ws 
order of accuracy is not exceptional. Instrument ‘manufacturers report 
that their greatest demand is now for 20” and 30” instruments, ‘whereas 
- several years ago the minute transit was most generally sold. — This means — 
that the Engineering Profession is becoming alive to the utility and ease 
execution of accurate “surveys. Certainly as the land becomes more 
thickly populated, ‘more accurate surveys will be a necessity, and this one 
the case, the surveying system accepted ‘should b be adapted to such needs. a 
__ In advocating the method of computing advanced in this” paper, Mr. 
4 Sheldon states that loop closures should be avoided, and that ‘the: courses 
Should be of Br length. “Why adopt a system: of where 
Any computing 
gate recommended should be adapted to ‘the various conditions: to be 
encountered in ordinary field operations. The terrain “not always such 
courses of equal length can be obtained. Tt i possible 


4 The term, “errors,” is used rather loosely im the paper. To develop 
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verse, and it is ‘necessary to a and close on on same 
, a station. Certainly, if the conditions of the field work are such as these, 
the work should not be hampered unnecessarily by ‘restrictions | imposed by 
The writer has computed three actual traverses: (1) By the. method — 
advocated by Mr. Sheldon; (2) by the method of the State plane co. 
ordinate system; and (3), by geodetic methods (see Table 5). mn 


TABLE 5.—COoMPARATIVE ACCURACY OF SURVEYING Computina | “Mumions, 


State Criteria vocated by . 

80700 | Azimuth difference | 9’-48’.3 | 0’-50’7.0 
Exror. of desure | 1 to 4.000 a to 11 700 
Azimuth difference | 2’-14’'.4 
Error of closure * 1 to 7 220 1 to 12 800 


69000 | Asimuth difference | 7’-55"2 | 0'-05".7 
Error of closure | 1 to 11300 to 30 200 


» te 


These traverses were chosen at random. | The field work was done in ac 4 
cordance with instructions for second- order surveys specifying an error 
« closure of 1 ‘to 10000, or better. These results show ‘that the State 
Ee co-ordinate systems and the geodetic methods of computing are rigid, 


and that the same field observations give 1 the same closures. If third-order 
been 


specifications for field work had been adopted, the results from the method a 
ot advocated by Mr. Sheldon would give closures of less than 1 to 5000 and oe 
work would not conform to third-order accuracy. For this method, also, 


it is impossible to. determine, for any given traverse, “whiat 
error is ‘introduced by the tiethod of computation, and what is due to the 


observations. ‘If this method 1 were adopted universally, an and closures 
such as those illustrated were, obtained for “traverses between fixed triangu- as 


lation stations, then lines run between stations established on different 
would be subject to large discrepancies, the resulting cone 
fusion would be intolerable for any rigid” control system. 
Tf an extensive system of triangulation i is required, the geodetic ‘methods be 


of computation should be used. ‘These compnptations are not. especially 


difficult or involved, and should be readily “understood by any graduate of 
an engineering school, who has pursued the usual mathematical courses. wae 
resulting data are expressed in terms of latitude: and longitude. These 


terms can be readily converted to the plane co- -ordinate ‘system adopted for 4 
om the State, and on that projection any traverse can be computed with greater 
to any required degree of ‘accuracy then would pertain to computa- 


tions of. “traverse by | geodetic methods or by the method advocated by 


These State — of co- ‘ordinates were at the urgent 


use of the advan 
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accruing to their through -connection to the 
detic control, but wished the mathematics of relating their surveys such 
points to be as simple as possible, | consistent with attaining the accuracy 
In devising the plane co-ordinate systems for the various. States, two 
gueril forms of "projection: were used. For those. ‘States the greatest ex- 
tent of ‘which is in an east- and-west direction, the Lambert conformal — 
projection was adopted, and for those States lying mostly in a north-a -and- “oe 
south direction, the transverse ‘projection was used. earth’ 
gpheroid at sea level was developed on these 
extent of which was” determined by the limiting scale factor necessary to 
bring the sea- level surface to that of the plane. In most cases this limiting | a 
correction, — or scale factor, was kept less than 1 part in 10 000. This — 4 
limitation necessitated more than one zone in most of the ‘States. These 


seale factors vary to the distance from lines of exact scale which, 

0 the central meridian and parallel to it. For an ale 158. miles i in n width, pe 
maximum scale factor is less than 1 part in 10 000. scale factor 
varies ‘the. distance from a line, and not from a ‘point o of origin, as 


relays ‘For any surveys wi within these zones which are connected to the 

“control net, and are expressed in terms: of State plane co- -ordinates, the 
distortion due to placing the surveys on the projection is, in most cases, i. 


> than 1 part in 10 000. If the ‘scale factors are applied to the linear 


= 


‘measurements, which is not a difficult matter, then the limit of | accuracy _ 


7 is | dependent almost solely upon the standards of the field measurements. 
> It is true that at the junctions of the plane co-ordinate. systems, there 


a jump from one zone to the other. To obviate any difficulties due to 

“travers lines extending from one zone another, a sufficient overlap is 
= provided at junctions, ‘that any traverse may be placed on either 


one zone or the other. It is a simple matter to ‘convert the )-ordinates 


of one zone to those of the other at the point of overlap, 
making use of plane co- ordinate systems for the computation of 


i averse surveys, a connection is made at each end of the line to tri- 
angulation or traverse stations previously located on the national system 
= of control surveys ; or the traverse may be a loop and tie to. ‘the same 
initial p point at the end of the survey. The ‘positions of the stations 
which connections are made are expressed in terms of x and y- Co- ote 
a grid azimuth to a definite point “by, alt on the co- ordinate 


4 ‘system adopted for ‘the State. 


the traverse. 

angles of the The linear 1 measurements are “reduced to the 
horizontal, and if they are above about Elevation they should also 
; the correction to reduce to sea level. my ¢ the maximum of accuracy 


is desired, the scale correction should also be applied. _ As previously stated, 
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scale correction is less than 1 “part may 
be ignored if the accuracy desired does not exceed that criterion. The 
survey is is then adjusted by the method of “latitude and departure whtich 


is ‘80 generally known to surveyors and engineers. 


- The United States is not alone > in th wn adoption of the plane co-ordinate 4 
systems for general surveying purposes. Such projections have long | been 


. use in many European countries. Most of these countries are thickly FS 
settled and values high. Methods of a high degree | of accuracy 


are required for property surveys. These: countries have found a plane 
ordinate base adequate for their needs. Should not this ‘country benefit 
by the e experience of others? the population of the ‘United States be 


comes greater and land prices increase, surveying ‘standards pertaining to 
Property must be on a higher plane than has generally prevailed to this 
time. 4 Plane co-ordinate systems, mathematically determined and related 
. 8 to the spheroid, to which field surveys can be referred by “utilization of the pe 
simple of ‘Plane surveying, are entirely logical and consistent, and 


ily understooc method to” which engineers 


surveyors may “tern: with confidence the ‘accuracy desired will be 


‘These systems are finding ‘ready a acceptance ar among engineers and st 


-veyors. 
the use of the State ‘plane « co- -ordinate system m f mae 


description purposes. Several other States are also pr similar 


Mr. ‘Sheldon’s ¢ that plane. surveying is out of date, 4 


if by this statement he means relating surveys to a State plane co-ordinate | 


system, the writer takes issue with him. These systems are mathematically 
logical, and the surveying data expressed thereon are ‘consistent among 


themselves. Surveyors need have no hesitancy in relating their surveys 


to such systems with assurance that, if the recommended methods of 


‘computing are followed, the their data will be limited only b 


the standards of the field measurements, 


Am. Soo. letter) ‘argument for 
the universal use of horizontal should receive the unani- 


mous endorsement | and active support of the entire Engineering Profession. a 
‘This basic scheme for reference of surveys is the only satisfactory method, 
and its general adoption seems so logical that it is difficult to understand RE 
the indifference displayed by the majority of civil engineers. Before en- 

can attain the objective of “the universal use of horizontal geodetic 

“control they must enlist, not only, engineers, | but administrators, executives, 

“4 and legislators, in a campaign to promote the use of this extremely valuable ee 
datum of reference. Engineers | are the only ‘members < of society who can 


> be brought to realize the value of horizontal control, and ‘the responsibility a 
4 for this educational work will fall on the shoulders of a small group who hae tp 
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catintcally determined to cares the campaign to its” con- 
_ Papers of the type presented by Mr. Sheldon are nero 


— 


that the main triangulation net of the U. Coast. and Geodetic 
Survey is nearing completion. About 65000 miles have been completed in : 
E. the field and partly ‘computed and published. The final spacing of 25 miles 
. between arcs, will require 117000 miles. Hence, the actual work is scarcely 7 
finished. ‘True, the projection of the remaining cross-traverses will be 
- easier and less expen: expensive, but there will be some work necessary on. the . 
older nets and a large volume of computation and adjustment required so 7 
that a conservative estimate places the project now (1937) at. about 50% a 
complete. . The only way to complete the remainder of the work is an 
aed campaign among engineers, first of all, and an insistent de- 


Perhaps the “wish father to thie: thought” in Sheldon’s state: 


mand from members of the he profession for the completion | of the net toa of 
Similarly, Mr. Sheldon’s optimistic statement that some States have 
: nm to tie their extensive highway surveys to the national net is ques- 
tioned. large mileage in North Carolina has been tied to. the network. 
‘Texas made a start on one survey but has never finished that one ‘project — 
4 ‘and seems indifferent to the entire method. If the chief engineers of the 
= forty-eight State Highway Departments of this ¢ country would spend enough zt 
a time on a study of the possibilities contingent upon the use of geodetic — 
- control for highway surveys, and then give the scheme a fair trial oe 
field, they would leave a permanent legacy of basic control for all planning © 
operations, all mapping procedure, cadastral surveys, and engineering sur- 


“pe s of enema would be as valuable as the transportation 


they provide, and, undoubtedly, its permanency would be equal 


to, or in excess of, the surfaces now being constructed. | poe ll 
pl tied in to the equator and to Greenwich meridian, converted to 


and y-co- -ordinates for. ready use by the most imcompetent land surveyor, 
:. spaced along the highways, monumented, and the co-ordinates stenciled in a 


the monuments, ¥ will bring the use of this system to a practicable possibility. 
r. Sheldon has correctly stated the reasons engineers fail to use the © 


rs eho as a control, even a if they find a monument t within usable distance © 
of their survey, b 


a 

the use of the control, the Coast and Geodetic Survey has ‘developed 


simple and practical ‘method of conversion from spherical to plane co- - a. 
ka 3 ordinates and when the x and y-values are known, it becomes a matter of 


the use of familiar latitude and departure surveying. O. S. _Adams* has — 
e written a clear and convincing description of the procedure that has been | 
developed by the Coast and Geodetic Survey for the engineers of the United 
s States to use in making their surveys of permanent value. Mr. Sheldon» 
z 7” has listed publications that may be consulted by interested surveyors. 
o. There are two very important publications of the Coast and Geodetic. Sur- 
vey, are not mentioned, namely, Publication No. 194, 
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« Manual of Traverse ‘Grid? ‘Special 
Publication No. 195, “ Manual of Traveres Computation on the Transverse | 
Mercator Grid.” These excellent publications outline in clear and concise : 
form the procedure to be followed in using plane co-ordinates, Every 
detail is covered and each ‘possible problem is illustrated by 
Plane co-ordinate tables for the State may be obtained from the Coast and — 
Geodetic Survey and any engineer may decide to use the Geodetic 
a ry network can obtain complete information and detailed instructions from we 

Mr. Sheldon has described the system in use on the Canal Zone an and his e 
description admirably illustrates the difficulties, probabilities of error, and _ 
complications in closure that may be expected when an isolated area is 
be covered by a system of control. This is the best possible argument o 
_ the adoption of the plane co- ordinate control adopted by the Coast and 
tg Geodetic Survey for all surveys in the United States. This Canal Zone | wi 
system of control is not suitable for general u use in the United States. 


5 


Without doubt, the national geodetic net will ultimately be used as a con to 

© i trol for all surveys, but the realization of this condition will be brought — Is 

about through the use of the plane co-ordinate systems developed by 

Coast and Geodetic Survey for all the States of the Union. 

_ formal conic projections flattened to a plane will provide simple, easily used ee . 

a “4 surfaces and allow e engineers to use ordinary surveying methods and the 4 si 
a eo-ordinates will be right-angle and y-distances, in feet. When the 

a 


” cedure is 3) simple and easy to apply there is no excuse for any engineer 


| = to become frightened and fail to take advantage of the control survey, ~ 
With the completion of the triangulation system and publication of the Sa 
positions, together with th the plane co- -ordinates based on _ these: new State 

"systems, the adaptation of this: system for all surveys will very much a 


e<- -mapping has developed rapidly during the twenty years, 1917-87. ie 
doubt important improvements in methods and 


©. 


° 4 topography is not in existence and there is some question as to the value 
a these pictures in the permanent mapping method for the entire country. — 
It is a ease of “the cart before the horse” and, in this instance, “the cart fi 


~ 


be found to be of limited value. bobs x 
4 eal The g geodetic network must be completed by the agencies of the National 
Government. Its completion is the first important step in the development 

of a logical plan for mapping, planning, construction, and maintenance of a 


public. and private works. competent to explain | the immense 


Horladatel Geodetic ‘Control ” the attention all members of | 


profession, a and its” application should be actively 
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D. Wurrmore,® M. Am. Soo. C. E 

tion set forth by Mr. Sheldon, to compute all surveys» on 

spherical co- ordinate base, unquestionably has considerable merit. He con- 7 . 

— yinein gly urges engineers te to use the ideal al spherical co-ordinate basis for 
preserving: survey results, and for re rendering such results universally usable. 

; Tt is believed, however, that the procedure he proposes is too far ahead of — 

«the times. Perhaps the end result which he describes could be better ac- 
complished by getting to it more _gradually—by easy | stages or steps. ere 

Many surveyors and engineers of the present time, for example, although © 
understanding: generally the: mathematics ¢ and theoretical 


— 


results, do not clearly realize all the every-day 
- antages to be gained by using even this simple type o of co-ordinate system. — 7 
“Hence, ‘a majority of engineering surveys ys to- day are executed and used 
without benefit of any kind of a co-ordinate base—spherical or plane. F —" 
standpoint of the engineers’ education, therefore, it might be preferable 
to stress, for a few years at least, ‘the importance and advantages of any . 
system of co- ordinates, rather than to try to plunge at once into full use 
_ of geographic co- ordinates. After all, the use of co-ordinates, whether > they 
a are spherical or rectangular, is only a means to an end. The primary pur- . 
pe of any co- ordinate system is to show by a simple mathematical expres- 
sion the ‘relationship of each point to all other r points of the system. The — 


o of measure used, whether feet, meters, or degrees of are, are only . 


ai Most engineers appreciate necessity for of 


State, the necessity. spherical co-ordinates not the 

_- maps cover smaller areas, such as a city or county, the chances were, until 

quite recently, that the maps would have been based on some kind lof a 
local plane co- -ordinate system. Thus, in strictly mapping operations, the 
for a co-ordinate sane Either through inertia or 


the writer ‘what i practice menpine is also practice 
Zz Perhaps the principal reason why engineers have been slow in using co- 
ordinate systems in surveys is their realization of the shortcomings of local — 
plane co-ordinate systems, so well explained by Mr. Sheldon. _ It so happens — . 
‘there is n now available, however, a type of plane. co- ordinate system 
which overcomes many of the disadvantages of such local systems, but which ~ 
many of their advantages. ‘This is the State Plane Co- Ordi- 
System developed and published for “each State by the U. Ss. Coast 
and Geodetic Survey in 19384, So much has already been written regarding 
- these State-wide plane co-ordinate systems that there is no need to repeat 
the ierintione herein. it might be stated in summary, however, that these i +5 
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systems extend over r large’ areas serious distortion in n either 
or positions. Such distortion as does exist in distances or co-ordinates na 
ect known from the relation between the spheroid and plane, and, 
- henee, ean be determined instantly in case more precise distances or posi- 
Po are reqired. These systems, on the other hand, have all the advantages zs 
of local plane co-ordinate systems in simple, easy computations. They have 


also the principal advantage of spherical co-ordinates in that they are re 
lated directly to all the basic control surveys of the country; it is a matter 
of o only a a few moments of « computing to convert plane co- -ordinates to geo- 

Thus, ‘it ‘seems | apparent that the State-wide plane co-ordinate systems, — 
representing | a nice compromise between the universal gt geographic and the 
local plane systems, will be the basis, if any, used by engineers in the com-— 
putation of their surveys during the next several years. . Regardless of the 
teal merit of getting all surveys on the ‘universal spherical base, it will take — 
Bescon years and much more propaganda than a few papers in the technical — 


nals: to convert engineers t to the actual” practice. wt é 
experience of the parveying organisation of the Tennessee Valley 
Authority, which adopted the State-wide plane co-ordinate systems soon 
after their publication, is gratifying. ‘Until that time, a all routine ae 
surveys were computed on local plane co-ordinate bases. All valley-wide © 


‘Projects (usually extending over parts of seven such as basic 


geographic c co- -ordinate base. projects similar to 
are 


systems, either may be used in plotting. 


“wi reservoir maps and surveys, however, since ve they extend over ‘smaller 
d (each reservoir being d entirely within one are now com- 


“control; ‘large- scale ‘maps of sites, camp sites, and 


sites; cadastral surveys and maps for land acquisition ; transit- -tape traverse — 
the final reservoir ‘property boundary ; ranges for measuring “future silt 
deposits; transmission line surveys, and many other types. In the com- 
‘puting 1 wiiit, where a large volume of computations are handled, using both 
geographic and plane systems, there is practically 1 unanimous opinion that 
the State-wide plane systems fulfill a long-felt need, that they must displace 4 
o plane co- ‘ordinate systems, , and inevi inevitably will be used by practical — 
_ engineers rather than the more cumbersome and difficult spherical system. 
M. Au. ‘Soo. C. E. (by letter).—Many questions: that 
arise in the use of horizontal-control surveys are it included in this in- 4 
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One of the most important of these is: In what form 


the -earth’s all ‘other surveys that are 


‘Tt is well understood that the geographic co-ordinates of a triangula-— 


‘tion ‘station identify, exactly, | the position of that station on the | surface 
of the earth. It is true that the rectangular co-ordinates of that station — 
also identify its Position provided the rectangular co-ordinate 


is based 01 on a formal plane projection of reference — 
The standard co-ordinate systems for the various “States 
dene by the U. Coast and Geodetic Survey are based on mathe- 7 
matically accurate principles, ‘They provide the means to transform geo- 
graphic co-ordinates into rectangular co-ordinates, and | vice versa, , for any —— 
i —- point in a survey, without in the least jeopardizing the identity 


‘in either "represent “equally “well the position of 
‘point as determined by geodetic surveys. | One form is merely a translation é 
a _ of the e other. It : should be noted that the results of first- ; and second-order 

‘euntained in the more recent Special Publications of the 
Coast and Geodetic Survey give the co- -ordinates in terms of latitude — 


longitude and in terms of and y referred to. the standard State 


‘Tt is left to the discretion of the user, therefore, to decide which form 
of co-ordinates will best suit his particular requirements. It is ea 
all necessary, however, that an ‘engineer must accept one form for all 
to the total exclusion of ‘the o other. In general, geographic co- 
a ordinates are desirable in projects that are geographic in scope, that is, ¥ 
those that involve large parts of the earth’s surface. _ Rectangular co- 
ordinates are the natural form in which to ‘express | detailed and intensive. 
surveys within small areas, and surveys made in connection with the 


“Sheldon mentions the S. Geological Survey as one of the or- 
using geodetic ordinates. The topographic ‘ “quadrangle al 


4 maps issued by ' the Survey are re integral parts of the topographic map of the 
United States, and it is logical that the map should be subdivided accord- Pe 
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units are thus ¢ arranged in an or orderly and systematic manner 
out the country from Maine to California and from Florida to Minnesota. — a 
There is no discontinuity i arrangement because of State lines. It is 


obvious, therofore, that geographic co-ordinates are the best form in which — 


ok 
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pping operations of the Geological Survey, because this mapping 
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in scope. The system described was selected by the 
Geological Survey before 1880. Even if the State: co- ordinate 


= _ systems had been av: available for r use at that time, any system based on them a i 
gould not have been considered as as ‘comparable in usefulness to the one 4 
actually chosen and im use to-day for. subdividing the topographic map of ( 

-.. The Geological Survey ‘recognizes the value ue of the State rectangular ~) i 

7  €0- -ordinate systems, however, and is now publishing many of its standard a «(ft 
4 topographic with marginal 1 marks to show where the grid lines of 

these systems may be drawn. Any engineer can then draw the grid tin, | ‘ 
so plot upon the map, or scale from it, any positions expressed in 

co-ordinates in which he may be interested. ined 


The kind of transit traverse described by Mr. Sheldon, with its results 

- a computed in terms of geographic co-ordinates, is not new. The Geological _ 1 
‘t _ Survey began using it it for the control of topographic mapping as as early as a 
1893. During the 20 yr since 1916 a total of about 100000 lin miles has 
- been done, and in 1935 alone the Geological Survey executed 9 204 Tin 
miles of transit t traverse. The field computing methods have become 
 % more accurate and efficient with the passing of time, so that these ‘aa 7 4 
‘surveys have remained consistent with the increasing accuracy of the oa 


7 mapping based on them. Frequent azimuth observations are made by ; 


~ simple astronomic methods familiar to surveyors rs to avoid any ‘appreciable — 
accumulation of azimuth error in the traverse. 
‘The conversion factors given by Sheldon in Table 2 are the 
- aacigeocela of the J M and P factors used by the Geological Survey to ex- a 
press the results of its traverse in the form of geographic co- -ordinates. a 
‘The proved usefulness of ‘these surveys justifies th the attention that Mr. 


Sheldon has given them 
Pics standard co- ordinate systems developed by the Coast and Geodetic — 
4 Survey are designed to be ‘State- wide in application. 2 Nevertheless, any 

individual engineering project. or survey that involves an entire State is 


extensive enough to be considered geographic in scope, so that samedi 


2 
-ordinates “ordinarily would be appropriate to use for it. 
surveys extending over an entire county, or over a compact group 
i of several counties, rectangular co-ordinates are ouxveniens to use. Then, | 
because the systems are _ continuous: throughout large zones in each State, 
any county survey usually, will be consistent and continuous with | ‘surveys 
made in adjacent counties. Discontinuity exists only along State boundary 

lines and along the lines: separating the large zones ; but the systems pro- a 

an overlap, so that no ‘ordinary survey need be separated into parts 


because it lies across State or zone line. 


county ‘surveys, and nearly all: city surveys, are already 1 referred 

some rectangular ordinate system. Most surveys for general 

_ ‘neering projects, for mining or other local projects in which accurate and 

intensive | work is required, rectangular Co- ordinates. The State sys- 

_ tems provide the means to express the results of these surveys in common Pigs 


terms, that they may blend harmoniously and so each may have 
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the benefit of the results of others adjacent to it. To use these @ systems 


real change is needed in the methods’ already employed in plane survey- 


= 


ite 

mo ing beyond accepting the co- -ordinates for the origin and the azimuth of an — 7 

ne initial line as given by the basic control surveys. Of course, the same 

of object—harmony—could be | attained by using geographic co-ordinates, 

on: - these may not be convenient to use in local projects. The State systems 4 


“provide for harmony without losing the advantages of plane-surveying 


_Tt would be ridiculous to use figures expressing latitude and longitude i - .- 
setting column foundations for structures or for calculating volumes 


- 
a 


2 


in earth- ay be equally ridiculous to struggle with 


a 
a continent or in “computing : a far-reaching arc of Never- 


‘ 
al theless, the standard State co- ordinate systems can hold, in rigid relation- 
ship with one another, surveys scope even as 

ne Junius L. Jun. Am. Soo. C. E. (by letter).—The author gives 
d of voice to a complaint that undoubtedly has been felt by many engineers, — 
“a but has seldom > been mentioned. It is unfortunate t that the relative sim- aan 
ne . icity: of many kinds of surveying computations should be masked by 
le complicated explanations or instructions. This condition is probably due 
“ae to the fact that, as far as the writer knows, the theory of surveying compu- 
ne be - tations is to be found, in general, in only two types of publications; namely, — 
“college textbooks, and Government publications. By its nature, 
. a college textbook must - approach its subject gradually, emphasizing the method 


of approach rather than the ultimate conclusion. The voluminous explana- © 
‘te necessary in n this type of treatment makes the book unsuitable as a> 
practical working manual. Similarly, Government publications on survey- 
_ ing, as a rule, are scholarly treatises, written by, and of value to, scholars 
and mathematicians, but too frequently unintelligible to the average sur- 

_yeyor, whose of higher ‘mathematics is somewhat limited and a 

who has little desire to become involved in its ramifications. 
a there were available a concise manual of instructions in which the 
method of performing the | computations was clearly explained and the 


= 
= i nificance of each step was briefly stated, there would be less tendency for 


om: & = young engineer and the practical surveyor to shun precise methods of 
computing and recording s surveys in favor of the simpler methods of plane 


Surveying. The mathematical justification for the various steps should be - 
_ included in the appendix to this manual, where it would be available to the 
mathematically | minded but would not confuse and bewilder those less | gifted. — 
a < : The author’s proposed remedy is to simplify the use of geodetic control 


by substituting for the more rigorous computations what amounts almost 
to the methods used in plane co-ordinate computation. the Canal Zone, 
Pos a where the maximum convergence of meridians amounts to not more than 
ae a 5, this method appears to be satisfactory. However, examination of Table — 
Asst. Engr., Water Resources Branch, U. 8S. Geological Survey, Washington, D. 
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3(b) and Table 4(b) shows that for latitudes in the United Si ‘States dl 
errors” might “readily be introduced into surveys ys of ‘any appreciable extent, 
The author offers no simple method for evaluating these errors, 
There can be little doubt that the development of the State plane 

ordinate sy systems, “published by ‘the U. Coast and Geodetic 
_ Special Publication No. 198 (11)? constitutes the greatest advance in recent Bg g 
years in a the simplification of surveying computations. These systems 

mit computations as simple : as those of plane surveying and yet make it ig 
possible to tie any located point rigidly to the national geodetic- control net — ee 
as well as to every other point tied thereto. 0. Although a true, undistorted 

representation of the earth’s surface is impossible on plane, the State 
systems permit a precise evaluation of the error involved in the computed 


Position o: of any point, _ thereby, in tir that error by 

make the geodetic: control net more for the use 
plane co- ordinates, the U. S. Geological Survey has recently published, in ea 


pamphlet form, a set of formulas and tables by means of which the con- SA 


a version of geodetic co-ordinates to plane co-ordinates on the State systems — 
may be greatly simplified. These formulas and tables are designed to be 
~uséd with a a computing » machine and natural functions, thereby dispensing ee: 

_ with cumbersome logarithms, and greatly reducing the labor and time re- i 
quired for the conversion. Complete detailed instructions are included in 


pai pamphlet an 


and, for those ‘interested in n the theory, the derivation of the Te 

formulas is explained in a short appendix, 

- #4 With all the facilities now available for tying any survey to the national a 

¥ geodetic | control net, there should be little excuse for a1 an isolated , uncon- 

> trolled survey, and there is no longer any need for a part- way compromise — ~~ 

between geodetic control and its practical application. 


Suetpoy,"* Assoc. . M. Am. Soo. C. E. (by letter).—Although he 
was “pleased with the several interesting and instructive discussions 
were presented, the writer would have been more pleased if the opinions of sft 
4 those engineers interested in small local surveys had been presented. 
Several of the « discussers have stated that the s system of survey compu- aa 

_— tathons as presented can be criticized for its lack of accuracy. The system a 
isa combination of of geodetic and plane computations and is used in such 


= manner that the accuracy of the reported position of any point is only 4 


limited by the accuracy of the survey methods, or by the accuracy am: we os 
basic control system. This is is accomplished by the following steps: 


aye Geodetic positions are obtained for scattered points ‘covering ‘the 
ait 
area. This is the base control system, comparable to the control net, both oe 
primary and secondary, of the U. S. Coast and Geodetic Survey, 
—  Q) Surveys run between these scattered points are usually computed by 


’ aie methods. The computed positions are reported as geodetic positions, — 4 
«48 Formulas and Tables for the Transformation of = to Plane Co-Ordinates x 


on the Lambert and Transverse Mercator Projections,” by J. aaetieiiy U. 8. Dept. of the | 
Geological Survey, 13 pp, 
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residuals | 
calculation gives positions which are net the | same as those that be 
‘obtained by a geodetic computation the same traverse. This dis-— 
i‘ crepancy was called an error in the ] paper. Table 3(a) and (b) gives s the — 
"maximum possible discrepancy. Table 4 that this maximum is 
a (3) In cases , where | the points « of the base system are so far apart that — 
the error, as shown by Table 3 (the rigid use of which is modified by 
‘Table 4), approaches that of the specified error of the survey, additional 
triangulation points are put in and geodetic computations are made to 


a positions. It is seldom necessary, locally, to place any of 


ag Mr. Hemple states that Table 3(a) and (b) is misleading because o“ 


sa verses do not usually extend in a straight line, but consist of a ‘number _ 
a of broken courses. The discrepancy between positions determined by geo- 
detic. computations and those found by plane computations, a as well as the 
ie convergence of meridians, is caused by the fact that straight lines run on — = 
i the surface of the earth by transit or other means are curved lines when =) 
referred to the sphere | asa whole. With the standard assumption that the 
meridians of longitude all at the pole and the parallels of latitude 


Ey are all parallel to the equator, the effect of this curvature of straight fT . 


‘varies with their direction, being nothing for lines running due north o 


x éne south and a maximum for lines running due east or due west. The 4 


- degree of this curvature also varies with the latitude, being nothing at the  : ; 
- equator and a maximum at the pole. _ This latter variation would be small _ 
» over the extent of latitude covered by the —— of surveys under discus- — 


To present clear picture of the between ‘convergence of 
“meridians, azimuth discrepancies, geodetic computations, plane com- 


x putations, it ¢ ean be stated that a geodetic computation is the plane com- :: 


of a line that has been ‘eorrected for convergence of meridians 
int in sections of equal length, those sections being of infinitesimal length. | : 
_ From the » foregoing and from an examination of the formula for com- 
Putation of geodetic positions given in in Special Publication No. 
_ the Coast and Geodetic Survey, it is apparent that the discrepancies be- . 
tween plane and guedials oe as well as the effect of convergence — 
+3 meridians are almost en entirely | dependent on the e difference in longitude Bi 
of the ends of the line concerned. It is impossible to find any group of - 
Ta running in any direction, that will have a ‘difference in longitude — 
than that of a line of ‘equal length runt running due we ‘west. 
Table 3(a) and (b) gives the maximum difference between positions 
determined by plane computation and positions found geodetic com- 
at the various distances from the point o of origin. Table 3(b) 
would be entirely too rigid to use a a criterion for spacing points of the — 
primary secondary system on the Fortieth Parallel of latitude. he The 


Writer: prepared Table 4 to show that this maximum difference was greatly L az 
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reduced in "practice by balancing the angular difference, due to 
of. ‘meridians, and the error 0 f traverse” closure, due to neglect of geodetic 
_ corrections. Table 4 shows that for a straight- line traverse of 100 000 ft, 
the maximum error, from Table -8(b), would be 1: 500, the unbalanced 


would be 1:2300. Thus, the proportional errors shown by Table 4 were 4 
one- half those of f Table 3 for unbalanced t traverses and _one- 


error of. wer would be 1:1100, and the position error of the worst point it 


the. sesults of caleulations of traverses. ‘The writee 
has prepared Table 6 to show the errors that would have been expected in 
these traverses if Tables 8 and 4 had been used asa guide. It would ap- 

_ pear that Table 4 was a conservative estimate of einen condition ever <4 
4 to be encountered in practice. ft’ 


TABLE 6.—Comparison OF to AcTUAL Errors 


4 


os _ | Maximum error expected | Unbalanced error expected 
“= i (Table 3(6)) ss (Table 


is ‘unfortunate that Mr. Hemple did: “extend Table 
7 farther and show the discrepancy between the final positions as computed 
by the ‘geodetic methods and as determined by the writer ’s method. — This 

final position is the ultimate - object of a any survey. The writer feels certain. 
that the discrepancy of this final position, in all three cases, would be a 
the s specified accuracy of the survey. 
‘Ys In the three e examples given, even if the plane ‘method of calculation — a 

- suggested by the writer were satisfactory, he would not advocate its use on 
4 traverses, of the type shown ; is, 

en _@) The measurement of horizontal angles over t these distances with OP 


to ‘obtain ¢ clo ures | onsistently of less ‘than ha wa 
(2) Chaining with the accuracy necessary ‘to secure 1: 


— 


) Observin ing computing th 


(4) The Feduction ¢ of the to sea level: 

_ The percentage of the total cost of the survey y of computing oe all or 


‘several sections of t the traverse by a geodetic computation will be very small. 


It is to be clearly understood that the methods p in the Paper 


permitted in the proposed system one of its ‘This 
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is one its Kina Loop traverses have s so many of the 
game qualities of loose ended lines that they are prohibited on any survey _ 
that is based on any general” control system. any survey unimportant 
enough to be based on one tie to the base net, or to the supplementary net, | 
the error taken from Table 3 without any correction for angle balancing © 
not be large. For example, from Table 3(b), a line running 
distance of 10000 ft from its origin must. be at least 20000 ft long and ‘ 
would be in error at its extremity less than 2 ft—an error of 1 part in 
ft of line and an error of position of 1:5 000. 
ot Mp. Roberts criticizes the linear adjustment of azimuth discrepancies 
“a position closure errors in traverses between geodetic control points. — 
‘There would be many ways of correcting these azimuth discrepancies and — 
geodetic corrections. The one chosen by the writer was the least accurate _ 
but was used because it was far simpler than any other. Tt requires | bie cel 
extra effort, the geodetic corrections and azimuth corrections being com-— 
bined with the accidental errors for adjustment. Since these discrepancies 
4 and azimuth corrections are kept well below the specified accuracy of the 
survey the ¢ exact balancing of these small corrections is not important. _ 
a Traverses that are tied to any base net must originate at one of rae. 
- points on this net and terminate at, or tie to, another unless they are the re 
4 objectionable loops p previously mentioned. In order to do this they ‘must 
have a general direction, ‘which is that of the line between the stations, al- - 
a though there may be courses in the traverse that will run exactly opposite 43 
this general direction. In this manner all traverses between points on the _ 


oa base system take on generally the characteristics of a straight line between 
the points. Any adjustment that corrects the closing error has tendency 
to bring the positions of the several points nearer the geodetic positions. be 
The fact that, in cases where the individual course runs opposite to the _ 
- general direction of the travefse, the correction is applied in the =e 
sign m from the true correction is not as damaging as it would seem, because 
he corrections applied to the predominant number of courses in 1 the a: 


‘aR Mr. “Wilson states, the method of transit traverse and computation — 
goon in in the paper is not new and has _been used by many organizations — 

i oo years. The U. S. Geological Survey uses astronomical observations for 

_ a to keep the effect of convergence of meridians at a minimum ~ 
_ whereas, in the Canal Zone system,.more frequent ties to the base pom i " 

used to accomplish the same result. ad Meer | 

Se Professor Kissam asks the question, “ ‘Does not the proposed system re-— 

quire reduction from geographic positions to plane co-ordinates, ‘computation 
by plane co-ordinates, and, finally, reduction back to geographic positions — 
with accompanying loss of accuracy? ” The system can best be explained as — 
plane co-ordinate | system in which the spaces between successive n minute 
of latitude and longitude are made the planes. small plane areas 
are enclosed by the minute lines are thus made to join at 
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and ‘there is no distortion of discrepancy when crossing from one to an 


other. The only reduction that is necessary is the one that is required. 
on any plane co-ordinate system ; that is, the positions of the points ¢ on - 


th the proposed s this reduction is made ‘very simple, only the 


points are used with that residual beyond any ‘minute being given 
‘Many the have ‘the State-wide plane co-ordinate 
_ systems that have been devised by the Coast and Geodetic Survey. These eT 
systems have met with much success in the years since the writer began 
_ preparing the paper under discussion. _ Their use is now advocated by many 
important "organizations. They are, as Mr. Hemple = points out, the law in a 
> at least two States, all of which is part of the reason why the writer feels v¥ 
hésitancy in presenting the criticism of these State-wide plane 
ordinate systems that ‘should have been made years ago. greater part « 
is to. the fact that where they have been adopted and 


eon be given full cctublaesiion before they are adopted in any State and 

by law for land boundary description. 

‘The use of the State-wide plane co-ordinate te other 
tem that does not use the parallels of latitude or the meridians of longitude . 
as a key, requires the introduction of the X and Y -designation, which is a 


an added factor ‘that engineers, ‘surveyors, but more especially laymen, mest 


: ae The State-wide systems still have the same objectional feature that is 

- inherent in any plane co-ordinate system, in which the planes are continued en 

for any distance; that is, a grid azimuth rust be used. This is cortain 

cause considerable confesion especially in counties that already have grid 
azimuths for their own local plane system that will be ‘different from the 

_ ‘new State-wide grid. For many years to come, it will be necessary in ae 

places, to mark every azimuth with some identification to show whether it 

is on the old grid, the new grid, or true azimuth. The Engineering ‘Pro- 

_ fession, which is just beginning to understand that there is a true and con- bs 

stant north, is to be now taught, ‘that north not “north, but something 

else at right angles to the grid system. ~ Although it is a relatively easy “a 

en to identify the system on which any point may be recorded, as the a 

will usually be much different, the identification | of an unmarked 

One of the advantages of any control system is that any point on a large 

ad 4 project is identified ‘and compared. to any other ‘point in the system by its = 
- = ordinate positions. In intrastate work the plane system of co- )-ordinates 

- covering that State does this very well. _ The tendency now is to forget — il 

political boundaries, however, and to base ‘projects and surveys" on 

features. Mr. Whitmore "mentions that the TVA covers parts of seven 


af 
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ven different State systems of co-ordinates are used and ‘then 


- the — system is used to correlate them all. If a system a as s advocated © 


so that the curved the covering entire States 7 
been squeezed in at the centers and | spread out at the edges to form a plane. 


‘The om on e of distortion caused by this squeezing ng has been kept below the 


on an unrestricted basis would be run to Snes accuracies than 1:10000 will = : 
Be run on t this 3 standard | because of the inclination on the part of of engineers — 


Professor Mr. as a possible to 
- eventual universal use of geodetic control. — The writer believes that, rather — 
_ than being a stepping stone, the use of the State-wide plane co-ordinate eys- 7 
- tems: will act as a wall stopping any future approach to that universal use. 
Plane surveyors will be content to follow the systems that are given them, 
al will become, if possible, a lower ranking branch of - the profession than 
‘they are at present; the knowledge and ‘practice of geodesy will be 
The to the employees of the U. S. Coast and Geodetic Survey. anil al 
The basic cri criticism of the writer to the State- -wide systems of plane co 
re “ 


“ordinates, o or any other ‘system of co- -ordinates except geodetic, i is that they ar i 
unnecessary. When the control system of the U. S. Coast and Geodetic 
‘Survey is completed, giving points of which the geodetic ordinates 
known, at intervals of not more than 25 miles, it will be necessary for some 
organization, either local, State, or national, to place a number af supple- — 
mentary, points between these basic control points, for use local 


surveyors and engineers. In Pennsylvania, this spacing « of supplementary 
control has been placed at a maximum of 5 miles.14 These supplementary 


points will have to be established regardless of the system of | computations 
_ used, Tn order to be of unquestioned authority they will have to be located a 


they are are to be ‘placed to be useful to 
without prohibitive expense they will be close enough so that the maximum a 
error introduced in any line run between them (computed by a plane com- 

- putation as described in the paper and shown in Table 3(b)) will be less 
than the specified error of the surveys desired. For example, in Pennsyl - 
Vania, with the maximum ‘spacing ‘of secondary control at miles, the 
maximum error for the worst case would be the unbalanced, or loop, traverse 7 = 
run for 2.5 miles fro from the point of origin and returned. From Table 3(b) | 


would give a maximum error of 1:3 500, approximately, which would 


; wy 


 -4 A Standard System of Plane Coordinates for Pennsylvania,” by the Pennsylvania 
State Board, Pa. 
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be ‘the worst case possible and would seldom be. 


would be run so that the errors caused by neglect of geodetic corrections would $a 

ve Professor Kissam has revealed the fact that the cost of computing an, = 

_ veys on a truly geodetic basis would be prohibitive for any commercial ix: 
However, the cost of computations the system as presented by te 
writer would be very little. The first and second- order control will have 
geodetic computations in any case. The epacing: of control 


de S. Coast and Geodetic Survey is not nearing completion, aad is, in re 
little more than half finished (1938). would be probably more> important 
at this time to find ways and means of completing this important work wih? : 


_ the enormous amount of supplementary control that will be necessary before — 
4 ie can be pro nad used ¢ on any system, than it is to find ways to us use it after ie 


surveys would have completed ‘this aystem ago. 
gt Laws have been passed in two States legalizing the use of State-wide — = 
systems of plane co- ordinates for land boundary descriptions. These a 
a passed after considerable effort on the part of those interested, and i 
will undoubtedly be legal for a long time. _ These laws would have been of ‘ 
permanent value if they had been drawn in a more general manner, 
so that the primary requirement had been a survey based on geodetic con- — 2: 
5 trol, leaving» the method of making the connection between the geodetic ES 
control and the sur survey to the engineers: and sur surveyors. 
aoa @ as gave 
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BENEATH A SPREAD FOUNDATION 
By D. P. M. AM. Soc. C. 
Diset SSION By Messrs. rs. O. K. Fréuuicn, Donato W. TAYLOR, 
Fa, G. P. Tscuesorarerr, A. HReENNIKoFF, Rosert G. Hennes, = 


Mpptesrooxs, A. A. Eremiy, M. M. Buisson, -FRreperick J. CONVERSE, 


_ An attempt has been made to confine the scope of this paper as nearly 
f * as possible to the limits defined by the title. _ Hence, discussion of tangential 
stresses (shears) and of pile foundations has been omitted ‘entirely. ‘ In 
the “Introduction” an outline of stress distribution | formulas is given, 


special emphasis on use of the “concentration factor,” concep- 
Part T contains a of a_method of determining 


applied to soil mechanics only since 1934. 


case in abi unit pressures on a part of the loaded area are infinite, ‘This 
process, termed the “reduced area “method, ” may applied 
in the case of a structure of arbitrary chee, and of an earth m mass with» 
‘Part: II deals with the rigidity of struc: 
tures and earth masses principally from the e standpoint of their interaction. — " 
_— Each: of the two ‘parts of the paper can be read independently. “Only 
elementary mathematics, including trigonometry, has been used, the proofs 
statements require the application: of calculus being 


vas 


—The letter symbols introduced in this paper are assembled 
nee of Appendix ITI. 


homogeneous and isotropic t to a a depth. Since ‘stresses: within 
_€n earth mass cannot be computed accurately, but can only be estimated, — 


Nore.—Published in April, 1987, Proceedings, 


«1 Research Associate in Soil Mechanics, Dept. we ‘Civ. Eng., Yale Univ., New Hav ven, = 
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. ‘a material. Earth is not such a mater — 
of sed in this paper, may furnish d for 
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r to ) replace “cumbersome 
Stress Distribution Formulas—Consider the infinitely large mass in 
Fig. 1. . A co , is applied to its horizontal surface 
= Point A, thus creating unit 
stresses, 8, within the ‘mass, which 
decrease in intensity at a rate 
proportional to the square of the 
x distance from the origin | (Point 
At point of the mass 
Fig. the unit stress 
produced by the force, P, at Point 


Equation (1) has been proposed 
_ by John H. Griffith, M. Am. Soc. 
and Dr. O. K. ‘Frohlich! 
Holland. ull credit for the 


development of a comprehensive 
theory the > concentration factor 
should be given to Dr. Frohlich. 
e “concentration factor,” n, is 
greater: than 38 in the 
case sands. It equals exactly 3 in the “ideal case in which 
the consideration follows: Hooke’s law, ‘is isotropic and 


a case: 


= 


= Equation (2) may be obtained from the dulieiibis developed by Boussin- 


esq.’ ‘Ne. Tf the loaded at its "horizontal surface with an infinitely 


unit load, expressed as units of. weight per unit “of length, and 

acting along the axis, Y-Y | (Fig. 1(a)), the stress distribution in the lane, 

and in every to it, be same. The stress, 


_ 2“Pressures under Substructures”, Engineering and Contracting, March, 1929, pp. ae 
*“Druckverteilung im Baugrunde”, 1984; also, De Ingenteur, April 15, 1932. 
: ina *“Application des Potentials a l’Etude de l’Equilibre et du Movement des <a 
Elastiques”, Paris, 1885; also, Progress Report of the Special Committee on Earths and 
Foundations, An. Soc. Proceedings, Am. Soe. | Cc. | May, 1933, p. 
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— 
— 
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tion ©. A This is the so-called s radial distribution.” shows 
ie in the case of a plane stress distribution within an elastic isotropic 
body , the stress intensities are inversely proportional to the distances fr riugeee 
Since a is the angle formed by the stress, with the vertical » the vertical 


nula, Equation (1), 
the vertical pressure at O by the action of 
¥- Y, Fig. 1), with a load, p, per ‘unit of length, bearing on the 
re boundary, must be considered. A proposed method is developed in Appen- 
dix I. The value of -™ vertical pressure at Point O (Fig. 1) would be: ey 


From Equation (5) the value of the plane stress in a general case is: 


& 


 coeficient, My = fin n may b be the “plane concentration ‘See with» 
corresponding to as shown in Table 1. When = 3, the value of 


‘PABLE 1.—VALUES OF Factors 


e values of the Values: of is values of the 
2 plane concen- factor, plane concen- 

tol factor, n tration factor, 
. 


n n 


Ma equals 2, and Equation (6) becomes identical with h Equation (3). 


tions (1) ‘and (6) can be applied in the case of a any mass | veel a 
or not it follows Hooke’s law. Bince in this paper stresses are 
not strains, the resultant of stresses coming to a ‘point 


two or more different sources be ‘determined ‘superposition. 


PART I THE «REDUCED OF DETERMINING 


under uniformly loaded structures (vertical ‘unit load, p) 
will be first determined; and for the purposes of Part I it will be assumed Bi 
that the unit soil reaction, p, is also uniformly distributed throughout the 


ee, Proceedings, London Math. Soc., Vol. 


i 
te 
— 
Be 
— 
1) 
| — 
c. 
2 
— 
— 
—- i 
» 
4 — 
2, p. 85 (1900) ; 
) ; also, “Theory of Blasticity”, 


will, also” disc ussed; 


Referring to Fig. 2, the problem is to determine the ve vertical pressure, 


at Point The horizontal projection, 0’, 


PRESSURE AT a DETERMINED BY THE 


REA METHOD (THE THREE-DIMENSIONAL PROBLEM). 


s a center, » and the loaded | area, M’ NY, i is subdivided 

into zones by concentric circles as shown in 1 the plan view. The radii 

these circles, although arbitrary, should be. chosen so as to 
i on curves pass through breaks in of the loaded 


= reaction at a 
— 
4 
— 
‘ 
—— 
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o first 
as is is the area of an zone, 


‘a compass. Plotting the vertical ordinates, 

a figure, MT” N, shown the vertical projection (Fig. 
obtained. The area, MT" N (Fig. 2) evidently equals the original loaded 

area. ; To | take advantage of this “transformed” area the following graph-— 
al construction is ‘proposed : The stressed condition at Point would 
change if the horizontal loaded area, A, weighing p units per square unit of — u 
area, is replaced by the transformed area; also if A of the same unit — 
weight, p, is s concentrated as a vertical line load between Points M and N. Lt 
- ally, a hypothetical load acting at a point of an are (Fig. 2), can be 
moved to any other point of f the same arc without influencing, in any 

- the e value of the vertical pre pressure at Point 0. This is because the values of i 
p and @ to be used in Equations sgl and (4) ie conguting the vertical 


the pressure at Point all oe: (Fig. 2) 
be concentrated at an arbitrary point along that are. This is 


cisely what is done in constructing the “transformed area” by bringing 

the loads of different arcs (Fig. 2) to their respective | points of intersec-— 
with an arbitrary line, M' N’. An elementary dA, of that vertical 
figure, produces elementary vertical pressure, 0, which 


taking into consideration fact p= 


vertical pressure, Dz, 
1 33 


"4 o The area, > dA cos"? a, which will be » termed the “reduced” are area, Ar, — 
my be determined as follows: arbitrary vertical distance, 0-0’ is 


cos”? a plotted. doing s ‘80, radii “vectors 


b - are drawn, and distances equal to cos"*a are plotted along each radius 
The ends of the radii vectors would then form a smooth curve 


oe. is the graph in question. For | extensive use a table of values of | ee 
Bautechnik, ‘Vel. 17, 231 “—. 


4 
| 
| 
— 
ed from Equation (8) | 
lf 


PRESSURES BENEA H A ‘SPREAD FOUNDATION 


_ values of cos"**q@ for the case in _ which the Boussinesq formula holds’ (n= = 


will found helpful. The following tabulation shows, "example, 


In Fig. 2 the distance 
depth, z. - ‘The point of intersection, X, of a radius vector, OT’, is joined — 
the top of the graph, a (Line OX ). An ordinate, such as 4 
then reduced, tracing parallel to OX to intersect the continua 
tion of the radius vector, T’, at Point Plotting = and a 


repeating this operation for all points of the line, MN, the “reduced area,” oe | 


Ar, is obtained and measured by a planimeter. value is then intro- 


| into Equation ( (9) > d cose: 
=p 


» 


Transformed Area, 
— (Vertical Scale = 
Horizontal Seale) 


[me 
Boundary 


le 


the ratio, =, is an abstract number, the scale of the drawing lsat 
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PRESSURES BENEATH A SPREAD FOUNDAT 
“shia Table 1. ff there is infinite pressure at a part of the loaded area 
instance, its perimeter), the “reduced area” would also have 
‘infinite ordinates. In such a case it is difficult to measure the “reduced — 
area” graphically, and the proposed method does not work, 
In a particular « case when the horizontal projection, of Peed 0, 
falls within the loaded area (Area A B C D EZ, Fig. 3), the largest possible ¥ 
me complete circle is drawn within the area, from Point 0’ as a center. The 
‘ordinate, P P’, of the transformed are: area equals the length of the circum- 
- ference of this circle; and OF & a straight line. The remainder of 
procedure is as explained previously herein. As shown i in Fig. 3, the 
construction may be confined to one side of Point CG; , plotting the ordinates 
of the 


a If the structure is non- -uniformly loaded, for instance, as 
in the may be easily redu 


) ‘CROSS SECTIONS 


‘Fig, 4.—PRELIMINARY GRAPHIC 


form loading with a given unit oe e” For doing so, first all ares of the 


- loaded area, such as ST U, | are rectified, and pressures at each point plotted 7 
. - ordinates. This procedure, as shown in Fig. 4(a), is analogous to the © 
_ construction of a profile from a set of contour lines as in surveying. Let 
pm be the average pressure acting at the are, ST U; and if the latter is 
Se in the form of a. circular ring one unit wide, the total load 
carried by the the arc in question would be STU X pm X Since the 
vertical | pressure at Point O caused by the are, STU, does not depend 
a the way in which pressures are distributed along that are, but solely on 
the value of the _ total load carried, an are of unknown length, z, loaded» 
uniformly with an intensity, ; p, “would cause the Dz, at 
> 
Point O, in which case the following condition is fulfilled: STU x. Pm 


4 x 1 xX which Be This means that all ordi- 

nates of the fansformed area, are” to be modified 


of Fig. 4) in the proportion, ris the value a Pm being individual Lor 


ordinate. 


ia 
a 
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1“ 
a 
, 
— 
4 
— 
ad 
— 
each — 


for t 


me In Fig. 5 a two- dimensional problem is s solved he "general, 
of a non- -uniformly distributed load, "pressures | being finite, At 


point of the loaded area, N, is a vertical unit load. and the 


values of the ratio, Pr as ordinates, In this 


Reduced ive = 
pp ong 


odt 


& 


Graph 


Fic. 5.—VERTICAL PRESSURE AT POINT DETERMINED BY THE RepuceD 


MET METHOD (THE | Two- DIME NSIONAL PROBLEM). ae ha 


manner an area, MT” N = A, is which is analogous to Se 
_ formed” area in the three-d -dimensional problem. total load acting 
along M N, equals pA; and the "elementary vertical, p dA, applied 


Point produces, according ‘to (5), elementary ve vertical pres: 


sure, dz, at Point O, ‘equal tor 


ab 
1 
d 
— 
. 
— 
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a | | 
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— 
Fic 
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OUNDATION 


pak 


seduced” area. — To construct the reduced area, Ay, it 
instance, if the Boussinesq 


1 
holds, the would be cos ‘a. The values of — may be 


taken from ‘Table 1 It Point is located somewhere under the loaded 
strip, N, ‘a vertical line passing» ng through O (Fig. 5) would | divide the 


drawing in two parts. graph, cos" a, _is separately for each 


double graph. “The of the procedure is as as explained previously. 
_ determine | the horizontal pressure, pp, at Point oO (Fig. 5), the sum 
the principal stresses, 8, should be found first, and then the vertical 
pressure pz, subtracted from it. 4 Substituting ; p di A for p p in Equation snall 
. and remembering that p= , the elementary stress at Point O would be: 


ds = _ dA (13) 


Hence, sum of principal stresses, obtained from 


in is the “reduced” area, constructed by using the graph, cos" 
‘if the formula the graph of cos’a is to be used. Finally: 


Since both ratios, ; are abstract 1 numbers, the scale of the 
_¢ nis ig 5) has no bearing on the results. - To make this fact clearer, | 


we 


it is necessary to recall that Area A is the sum of the products of dimen- — 
ess Pi certain widths; ; hence, A is a length, 


ontal pressure, pa, in the case of a 


‘i dimensional stress distribution is more complicated than 
5 in Fig. 5 for the case of a plane stress distribution and will not be dis- — 


Normal stresses under non- rigid ean also be determined 
properties of the ‘ “angle 2 of visibility” of the foundation “Tr - 
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directly Equation (5). Following a pro- 
(11) is when discussing the three-dimensional 
‘Se 
is which Ar is the 
| 5 
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tion of. ‘this method the | "study of plane stress” ‘distribution within 
elastic isotropic macs been “discussed elsewhere.” 


thee 


| OF THE 


loaded with 2.5 tons “per ‘ft. Th 


ft, and the vertical pressure: De - 2.5 X 0.477 X - 
= = 0.78 ton that gest used toe construct both 


PART II _PRESSURES UNDER RIGID FOUNDATIONS 
— the case of an actual ‘structure, soil reactions are in equilibrium, not 


with ux unit loads acting at the loaded ‘surface as assumed in in Part I, but with 
@ stresses within the structure close to the surface of contact with ‘the earth. 
ie It follows that for finding stress intensities within the earth mass beneath 
a foundation, it is first necessary to establish the manner in which stresses 


Transactions, Am. Soc. C. E., Vol. 101 
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are distributed at the base of the given structure and to consider the surface 
- eontact of the structure with the earth as being loaded with those stresses ~ 
unit loads. The "method which has been « discussed in Part  & 


‘tion at the base o a "structure has not yet been. solved definitely. There- 
“in presenting Part II of this paper, the writer limits his task to the i 
view of available information in this field, both theoretical and experi- 
‘etal, and advances several ideas of his own. ‘This will be 

“Tied to » uniformly | loaded foundations only, 


or Srructures AND EartH 
JA will be termed “absolutely 1 rigid” if it visualized 


consisting of thin vertical slices so strongly bound ‘together that they 
as a unit. An opposite case would be a “non- “rigid structure which 
can be visualized ; as consisting z of thin vertical slices with no lateral bonds 


> 


a so that each of them can settle down individually. The degree of rigidity 
" in actual engineering str structures is some value between these two limits. To 


form an accurate idea « of the e rigidity < of the entire’ structure one should 
how to express this rigidity At the present 
Earth masses may also possess varying degrees of. delle. which 
be expressed by a number as, for instance, the coefficient of pressure at 
rest, K, or the concentration factor, mass that develops: considerable 
horizontal stress under vertical load at rest (such as clays) may be con- 
sidered as non-rigid. © Compact sands, on the contrary, may be considered 
8 ‘rigid masses. If one knew how to express the rigidity of both the 
_ structure and the earth mass 8 by comparable coefficients, one could attempt 


“replacing the structure with “equivalent m mass.” of “the 
uncertainty the manner of expressing the rigidity, however, both 
and earth Masses will: be identified in this paper, only as “rigid” 


the earth mass. eupperting | a structure is more or less homogeneous 
is isotropic to a considerable depth, the settlement of the structure is due 
to strains which gradually decrease w with the depth. This is a case” of “con- | 
tact settlement” when the seat of settlement resides close to the ‘base of 
‘ the structure. * If there is a soft layer at a certain depth, the structure — 
may undergo” an additional settlement owing to consolidation | of that ‘soft — 
layer. Tt may be said that in this case the seat of settlement resides “in 
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Solid body; and (6) r .—l 
» and ) resistances of the medium prc vag 
trains) in it, In similar manner, contact settlement is characte 
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‘ 
the structure due to interaction with the earth “mass ‘ie 7). To under 


of contact, would occur prac- 
tically as the structure were replaced by a ‘non- -rigid earth | mass, 


iT 


Fic. .-—EXAMPLES OF Contact SETTLEMENT. 


ward, rigidity will be restored to the s structure, and corresponding i changes 
in the stress distribution over the base of the foundation will be discussed. 
na general way, stresses close to the surface of contact of two masses are 


- same in both masses, according to the well-known physical law of sé 
equ ality, of action and reaction. Strains, however, are dierent because the i 4 


— 
n 
n 
>. 
° 
=] 


rigid mass under “a non- rigid structure. should bend | the 
Jatter upward, as shown diagrammatically in Fig. 7(c). A case of settle 
ment of this type was reported by Dr. Scheidig® when some strucures 
constructed ‘on loose ‘sand, settled at writer 1 understands that 


the buildings in question were erected rather hastily. Settlement 
(Fig. occurred: at owing to the compression of the loose sand; 


> 


nr 
= = 


‘8.—AcTION oF ABSOLUTELY 9.—GrapHicaL REPRESENTATION 
STRUCTURE. well OF Equation (17). 


and probably when the latter became compact, the insufficiently 
masonry was deflected It should be noticed t that if loaded thin 
elastically isotropic layer is underlaid with rock or ‘similar material, 
formation of cupolas is also possible.” The writer understands, however, 


Berechnungsgrundlagen durchgehender Fundamente und die neuere Baugrund- 
forschung”, Die Bautechnik, Vol. 9, No. 19 (1931). 


See, “Theorie der Setzungen von Tonschichten”, von Charles Terzaghi, M. An. Soe. C. i 
and O. K. Frohlich, p. 8 (1936). _ Other references on the subject | are also pen in the a "i 
note, pp. 8 and 9 of that book. 
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_ PRESSURES BENEATH A SPREAD READ FOUNDATION 
here was no such underlying stratum in the case of Dr. Scheidie’s 
gbservations, and that the edge settlement in this should be explained 
by the inter- penetration of the masses in contact. 
- Although the problem | shown i in Fig. Tc) cannot | be solved using methods - c 
7 - of the theory of elasticity, the latter furnishes all necessary data for the prob- 7 
dem of settlement of a non-rigid structure of finite size, supported te on 
equally non-rigid mass (Fig. T(b)). , With Fig. 7(6) and Fig. 7(c) in mind it is a . 
now easy to determine the character of stress distribution at the base of -_ 
rigid structure, at least, qualitatively. In order to keep base 
of the structure even, additional forces should be | applied. Thus, an -abso- 


-_Tntely rigid structure may be over-loaded at the edges (Fig. 8(a)), or 
at the ¢ center (Fig. 8 (b)), according | to ‘the rigidity of underlying 1 mass 


eneriments masses, the maximum stress in ‘the coil is under 


oF NorMAL Stresses Unver AN ApssoLuTeLy Riam Founpation 


The problem of an absolutely rigid structure built: on elastic isotropic 
il has been solved by | methods involving the theory of elasticity. Boussinesq” Fe 
and later Schleicher" determined the stress distribution at the base of a 
rigid round disk placed on elastic isotropic mass from displacements 
of its ‘points. ‘Boussinesq’s basic assumptions are: That there is no 
friction at the plane of contact; and (2) the plane of contueh is hori- 
wntal. Professor Michael A. Sadowsky, of the University of 
the potential theory to solve the three-dimensional problem. Accord-— 
ing to these investigators, ‘if r is the radius of the disk in question, the 
a a point distant, er, from the center | of disk, would be: 
pressure, Pz, equals | 0.5 p at the center of the disk = @) 
infinite at the edges (¢c = 1). Apne there are no absolutely rigid structures = 
slightest settlement the edge of the loaded 
the strain considerably, so that practically all stresses at the base of the — 7 
loaded disk are finite. The influence of rigidity of a. circular foundation — 
& in the distribution c of pressures ot on the contact surface, has s been con- 


80 


sidered by H. Borowicka" who assumed that both the structure and the | 
earth mass are elastically isotropic with different values of the 


4 


of elasticity: and Poisson’s ratio. express s the stress: distribution in a 


“AnD lication des Potentials a l’Etude de l’Equilibre du Movement des Solides 
Elastiques”, Paris, 1885, p. 158; also, “Theory of Elasticity’, by S. Timoshenko, p. 338. 
 BDie _Vertellung der _Bodenpressungen unter starren Griindungskérpern”, Der 

Baningenieur, Vol. 14, Nos. 17-18. p. 242 et seq. (1933); also, Zeitschrift fiir angewandte 


Distribution of Pressure Concentrated on a Small Surface”, Transactions, Am. Soc. 


i 54, Paper APM 54-21, p. 221 (1934), 
Conference for Soil Mechanics and Foundation Engineer- 
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‘case of - absolutely rigid r ound disk placed at the top of an earth mass oo 


with a concentration factor, n, the writer proposes the following empirical 

Substituting = 3 in Equation (17), the resulting form is identical to 


Equation (16). The value, n = 6, results in a parabolic distribution very 
similar to that found in weer loading experiments on sand masses as 


Should the concentration ‘factor, n, of the “constrained earth mass increase 


to 8, the stress distribution at the base of the experimental disk would oi 


and this creates . pressure at the center of the disk equal to 300% of the 


average pressure, which is quite close the by M. 


Enger, M. Am. § Soe. E. 


| 
“yg 3 


ve 
CF 


a Equation (17) has been designed on the assumption that the lower value > ; 
“of the concentration factor, n, equals 3. This is true of the isotropic 


masses for which the basic formulas given in the “Introduction,” have been he 


4 “Distribution of Stresses Under a Foundation”, by A. E. Cummings, Assoc. M. Am. 
Soc. C. E., Transactions, Am. Soc C. E., Vol. 101 (1936), Pp. 1077. 


Transactions, Am. Soc. C. Vol. 93 (1929), p. 372. | 
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des igned “Other geological (he ‘shard layer 
‘iid underlaid by a soft one) | are not L covered i by the formulas of this paper, , and 
solution of the corresponding problems should be ‘sought elsewhere. 
_ The problem of stress distribution under a rigid structure is complicated _ 
ty the formation of the so-called “disturbed zone.” It follows: from the 
small scale experiments that the cross- -section a of this z zone under a — 


poo what depth the rigidity of pag plate in a small- 
“experiment affects the earth” mass, Fig. 10 has been prepared. For two 
soils, with concentration factors, n = 3 and n = 6, respectively, curves 
‘Tepresenting the vertical pressure, Po at various along the center 
line « of a round loaded disk, have been traced. Pressures ; Dz have been 
"plotted horizontally. _ The load is the same in all cases, but distributed 

"differently Curves (a) correspond to a concentrated load acting directly 

at the surface of the soil; Curves” ‘correspond to uniform distribution; 

| and Curves (c) correspond to the case of an absolutely rigid plate, respec- _ :. 
tively. For the latter case, Equations (16) and (18) have been used (see _ 
A pendix II for mathematical depth of twice the 


experimental curves of and Scheidig and Enger” 
Fig. 10), are located partly to the right of Curve (c); and this means 
i that in the upper part of the experimental mass, approximately | down to a 
depth, r, the concentration factor, Nn, annem 6 for which value the curve, e 
= Fig. 10 has been traced. Afterward, 
rapidly to join Curve (b); and at a depth of oe 2 1 r - there is no » longer a any = 


the ou distribution at t the base an infinitely an 
wide rigid structure should be uniform; it cannot be otherwise. To Tecon- 


Fig. 11 has been Prepared. — The stress distribution at the base of a aa 
“Barrow structure is represented in Fig. 11(a) and Fig. for the cases 

; of a non-rigid and a rigid earth mass, respectively. ig og stress distribu- 
> tion under a wide rigid structure is tentatively shown it n Fig. 11(d) =: # 

‘Rig. 11(d), for the cases a non-rigid ‘mass and a earth mass 

& “respectively. It should be noticed that the curve in Fig. 11(b) is very re 
7 close to that found theoretically by K. Wieghart™ £ for the case of a beam — 

supported | by an an elastically isotropic mass, 


average values in question are those in the paper entitled 
tion of Stresses Under a Foundation”, by A. E. Cummings, Assoc. M. Am. Soc. C. 
Transactions, Am. Soc. C. E. Vol. 101 (1936), p. 1078. 


Handbuch der Physik, ‘Batted by R. Vol. 6, pp. 180-181 (1928) ; 
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fit To check ‘theoretical ‘considerations, pr pressure at the base o of actual stru ruc 


ean should be measured. This can be done by embedding pressure-measur- 

ing cells : at the base of the structure during its 
=a 4 only a few published examples of such measurement, although such embed- 
ments have been reported from many places. F rom the three cases known 
to the writer one refers particularly to sewers” and ‘two others: will be 


= 


<. 


Fie. 11. DISTRIBUTION at Base or Footings, Fie. 12. —Pressvures Br- 
«Bora NARROW AND WIDE (A TENTATIVE SKETCH). Renny NEATH A BRIDGE OVER THE 


_ During the construction of the new bridge over the Rhine River, con- ‘a 
necting Mannheim and _Ludwigshafen, Germany, , eight Goldbeck cells 


were” placed beneath a pier,” and it was discovered that the foundation 
overloaded at the edges (see Wig. The foundation material was 
gravelly, _and since European e engineering thought had been accustomed a 
to the idea that in the case of similar foundations the maxinium pressure 
, should be at the middle, there was an interesting discussion of 1 the case” . 
uncertainty emphas ized by the fact that the new pier “was 
our raeses close to the old one, which could have a certain influence | on 
the stress distribution. the case under consideration, ‘the pier was 
founded on a caisson. Soil reaction could not lift the heavily. loaded edges: 
of the caisson, and, apparently, the foundation material was forced some- 
what, into: the concrete fill of the chamber. Consequently, the stress at 

the middle ‘the structure was re relieved (see Fig. Me)). writer 


oa 1% “Observed Soil Pressures on the Deep Sewers of the North Toronto System”, by 


Cc. R. Young, M. Am. Soc. C. E., and W. B. Dunbar, Bulletin No. 145, Univ. of Toronto 
» “Sohldruckverteilung unter Pfeilern’’, by F. Kégler, Der Bauingenieur, Vol. 14, , Nos a 
37-38, p. 473 et seq (1933); also discussions by Messrs. Scheidig and Schleicher, pp. 48 > WF, 
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shown in n Fig. 8. The soil beneath the building is clay” with 
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ny 


4), but this shifted during a period of about seven 
to Cell No. 3. It might be concluded, at first, that the concentration of 
rt) stresses near the middle of this structure, as shown by Fig. 13, is in 
Agreement with the hypothesis advanced, as, for instance, al ‘the stress 
distribution shown in Fig. 11(a). Apparently, Fig. 11(a) "predicts 
edge under the given soil conditions. The is clari- 


4 two masses. In case under however, there is an ll 
action: between three masses : A column, a base, ‘and an earth ‘mass (see 


The Distribution of Soil Beneath a Footing,” by F. E. Giesecke, M. 
and others, Bulletin No. 48, Texas Eng. Mxperiment Station, 1933. 


A ves that a similar condition may occur in other cases of cais Tz ae 
if the latter may be considered as non-homogeneous structures con- 
ne of a rigid shell containing a less resistant mass) 
4 
ao |i 
& 
ff 
— 
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small varying quantities of sand and coarse material. The maximum 
— 
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of the: mass, III, the overloaded; but = 
inclusion of of the intermediate mass, II, apparently changes Situation __ 
very important -conclus sion from the Texas experiment is the possibility 
of pressure fluctuation at the base of ‘a structure, which is a due 
f toa a ‘progressive change in 2 the physical properties of the earth mass, “i 


most important necessary research in “this eld may stated in 
a (1) ‘Since hypotheses and concerning the interaction between _ 
the structure and the earth mass are practically worthless unless checked — 
ag against field observations, it is urgent to increase. the of ‘such 
4 observations. Pressure-measuring cells should be embedded under new 


structures in all eases where interesting results concerning such inter 


(2) A classification of “engineering structures concerning the influence 
of their rigidity upon their interaction with the earth mass, Should: be 
elaborated. “Attempts should be made to express the 1 rigidity of the struc- 

_ ture and the underlying earth mass with comparable numerical coefficients. a : 
Investigators should } determine the cases in which structures act on the 


€ ‘underlying ground as an “equivalent earth mass” a when this action is of 


(3) Further study of "the theory of the “concentration 1 factor,” n, is of 
4 importance. Attempts , should be made to develop methods of measuring the ; 


ivy 


Ne 


value of the concentration factor in the field before (and not after) a struc- 
4% (4) Considerable development of stress distribution theories was noted dur- . 
the to 1936. Unfortunately, these theories refer only to the | 
4 so-called “semi-infinite” masses, such as those shown in Fig. 1. ~ is neces- Ag 
sary extend these theories in the ease of “finite” masses, such, for 
example, as embankments . Some progress in this field has been made since 7 
the introduction of photo-elastie analysis. Data analogous to those obtained 
the study of of elastic bodies jin contact ‘should be 
obtained for “finite masses” of all 


Most of the research outlined i (a) to cannot be doe by 
‘mechanics investigators alone. Tt req requires, also, the most intensive co- 


operation of structural engineers. 


-— af uniformly distributed soil reaction (as generally done in practice) there 
is no bending in the loading plate except in cantilever units; but if the 


“picture,” afforded by Fig. 11(b) and Fig. 11(d), is correct, only the central 
part of a wide structure can 1 be ie 1d under that approximate ‘assumption. | 
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positive or negative, near the perimeter surface, the sign | 
ae bending moment depending on the physical properties of the local soil. 
Settlement « of a Structure | Due to Consolidation in Deeper ao 
design a structure so that it will not fail by settlement, the designer 
be aware of the guclegical condition of the earth mass to a con-— 
depth, say, a bout twice the width of the structure. This 
om a possible consolidation of a deep soft layer may cause a serious 
settlement. Consolidation in deeper strata, however, has no effect on the 
interaction nm of the structure and the earth mass. In this case the entire 
- situation is controlled by the sa same physical law which permits, for col 
3 the playing of games of ball or cricket on a moving steamship without — 
disturbance. In an analogous sense, when consolidation in deeper strata 
begins, the entire mass, including the structure, would settle, and there p.* 
is no reason whatever to believe that the stressed condition at the base of — 
the: structure would be disturbed. — Settlement in such a case is assumed : 
to be uniform. A similar idea, however, in a somewhat different Siti, 
been advanced by Professor A. Casagrande.” ot Tine” 
Jatervelation. of Stresses. —Serious thought | should be given to the ques- 
tion of whether the actual method of designing a structure without taking 
consideration the influence of the foundation on the stress distribu-— 
in the structure itself should be discontinued. Undoubtedly, 4 
-— structure and the earth mass underlying it form a single statically inde 
terminate » system; and the stress distribution in the mass influences that 
in the structure, at least at its lower part. This principle has been real- — 
ined by dam builders; and it is to be hoped that an analogous procedure 
be adopted for other branches of structural engineering. 


-1—Stresses within a se semi- -infinite isotropic (see Fig. 1), caused 
: . a concentrated force acting at the boundary, can be determined by 
using Equation (1). In the case of a two- dimensional stress 
distribution, E Equation (6) should be used. 
2.—Stresses caused by loads ‘distributed at the boundary of an 
“mass may be determined by superposition. 
8—The “reduced area method” ‘gupplies a means of determining 
sures in an isotropic mass beneath “uniformly loaded foundations. It 
consists in subdividing the loaded area into circular zones, etifying 
‘ ‘them, to obtain the “transformed area” and reducing the latter graphically, 


according to the position of the load with respect to the point where pres- — 


sures are to be determined. 


:  4—The ‘reduced area method” "can also be applied in the case of non- 
7 ‘uniformly loaded isotropic masses, if all unit loads are finite. Other-— 
Wie, the graphical measurement of the “reduced area’ ” is difficult. 

5—The degree of “ ‘contact settlement” that may be expected 

_ structure built at the top of an earth mass is chiefly controlled by the 
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mutual rigidity of both in contact and perhaps” by other facto: 
such as the size and the shape of the structure 
—The phenomenon of “contact settlement” of a non-rigid structure 
supported by a rigid earth mass consists in a downward movement, and 
in an upward deflection, of the structure j= 
eT 7.—In the case of a a narrow, absolutely rigid, structure, there is: (a) An 
‘* overloading at the edges in the case of a non- -rigid (for instance, a fore 
c foundation; or (b) an over- -loading at the center in the case of a rigid 
&—-An empirical formula, Equation (17), concerning the stress distribu- 
tion at the base of a narrow rigid structure, has proposed. 
te 9.—In the ease of a wide engineering structure, there should be eee 
g , there should be a 
= tendency toward a uniform stress distribution at the center of the We < 
foundation. _ Apparently, the edges of a rigid structure are always over 


and there is always” bending along its perimeter. Such moment 
will be Positive or negative, depending on the physical properties of the 
10.— —There is : a “disturbed z zone” ” under a rigid 
possessing a higher concentration factor than the remainder of the mass. Es 
state of constraint along the center line of a ound loaded plate 
small- scale experiments goes only to a depth ‘equal to one-half the width 
the loaded area. Between this depth and that equal to twice the width of the } 
loaded area, the stresses in the mass act as if the load were uniformly dis- 
tributed through the foundation. At, 2 and beyond, depth twice the width 
of the loaded area the loading plate acts as a concentrated load. 
—The stressed condition at at the surface of contact ct of the 
the earth mass does not depend on the consolidation in deeper 
—- 12.— Field observations available concerning the stress distribution at Be 
4 the base of a structure, are insufficient. Hence, statements advanced in 
Part II of this paper (except those based on firm physical laws) are e rather 
:! a hypothetical nature. Further research is needed before they « can - 


or THE or 11 THE “PLane CONCENTRATION Factor,” 

The given force, P, and another unknown force, X, acting duit ‘the ok 

of the radius veetor, AO, in Fig. 14, would 
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a Equation (21) holds also if a line load, p, is substituted for the ectnennlasl 


force, P. of the Rane stress, s, at Point caused by 


of a a line load, at A the vertical pressure 


ae 


¥ 


Fic. 14. 


at Point o” (Fig. 14(b)), distant vertically p » from Point A, and “subject: 
to the action of load, a a, the boundary. ' In Fig. 14(b) the 


iy 


turn, the integral in (22) equal 


r(2 


e gamma function. If the concentration factor, tigi is not 7 


‘money the value, m, is determined by using Equation (23). Otherwise, | 
it is better to compute that value as follows: hen n is an number, 


iii 
— 
d 
call 
= 
>. — 
this strom, 8 (see Equi 
— 
— 
ae 


and, when n is an even number: 
—1) 


Equations 24(a) and 24(b) of plane stress distribu. 
tion” developed by Dr. O. K. Frdhlich. 


= 


2x 


for the case of a uniformly ciel 


a, is the angle formed with the vertical by the radii vectors 
the given point, O, with the perimeter of the loaded area (see 


well- known formula™ 
-_ was used in plotting Curves (6), 


to Fig. 15 the area of the element at is: 
«dA, cde dp .. 


is 


4 (a) ‘Cane Equation (16) in the case of n 
ates 


(18), when n = = 6. if = 8: 
[rede i) 
ar + 


Am. Soc. C. Vol. 101 (1936), Equation (23), p. 1090. 


The vertical pressure in constraint be 
n = 3; and using 
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7 To obtain this esult, a new variable bas been substituted for c. he a. 


The conforms essentially with American Standard 
for Mechanics, Structural Engineering, and Testing Materials, 
compiled by a. a “committee of the American Standards Association, with 
Society representation, and approved by the Association in 

loaded area; ; dA = a small element of a loaded area; 
o— = reduced area as applied to vertical pressure; A’, = reduced ie 
area as applied horizontal pressure; = area of a 


coefficient 


a coefficient to “express the distance from the center of 
¢ireular loaded plate, in terms of its radius; 

K=ce coefiicient of pressure at rest, or the ratio of principal stresses _ 

a non-loaded semi- -infinite earth mass; ait 

a concentration factor; a plane concentration factor, n, _ 

being a function of n; 

‘7 concentrated vertical force acting at the boundary of an 
earth mass (see, 
p= pressure per unit area; a uniformly distributed load; Pm 
_ = average pressure acting along an arc of the loaded area; 

Pn = non-uniformly distributed load ; ‘unit 


at any point; 


dips 
de = one- 
half the angle at the vertex of a regular | cons; 
4 p= radius vector of a point (distance the origin); 


— 
— 
— 
— — 
4 
— 
— 
=a = 
4 
— 
i= 
| 
a 
= 
[| 
— 
= — 
= 
ia 
circular loaded plate. or disk: as 
— 


2 


ty 


- PROHLICH ON PRESSU RES 1 BENEATH A SPREAD FO NDATIO 


\ 


the treatment of the “classical” “case ‘of the stress distribution at the ey 

; of a circular and absolutely rigid ‘disk, with a symmetrical load, placed on — 
the horizontal surface of a semi- -infinite, elastically isotropic mass. Rew 

‘sinesq”® has given this 1 result i in a a very ‘intuitive manner, Ww hich, in the writer’s he 


opinion, is worth. mentioning here for two reasons: First, “because it repre- 

sents, for the practical engineer, a mnemo-technical means of reproducing i a 

q Equation (16); and second, because it may be used to compute the 


7, ‘distribution i in the two- dimensional ¢ case. According | to Boussinesq the unit 
stress at the base of the rigid circular disk (of radius, r) at any point, me 
of the contact surface is obtained by distributing the total load, P= pr, 
equally over a hemisphere (2 r? 7), which is ; assumed to be erected « over ‘the a 
base circle of the disk, and by taking that part of this load, which is cut from 
the hemisphere | by a vertical cal cylinder, having the unit surface at the given . 
‘point: as the base. It is easily seen that, in the center, where ¢ = 0, the Ast 
stress is 0.5 p; at the edge where c = r, it becomes ana d great and at ite 
point, cr, Equation (16) is satisfied. ot 
In the case of a rigid strip ) (width, 2 b) of infinite length (the case of sees” 
stress), a hemi-cylinder, having a diameter, 2b, must be introduced instead — 


‘a the hemisphere. The total load, P, per unit of length equals 2bp and 2% 


the load per per unit of the cy cy linder surface i is then ~ al In a manner similar | to 
the three-dimensional case, the formula for the pressure, Pz, at a distance, ch, 
of the axis of the loaded strip, becomes, 


the contact of the characteristic of these investigations 
_ is that, under equally distributed loads of slabs and strips for any degree of © ig 
rigidity, the pressures under the edges are infinitely great, w hich is a conse- — if 
quence of the assumption, made in these theoretical | computations, that 


Hooke’s law remains valid beyond any limit. In this respect, the practical — 
- question arises as to the value that the pressure may attain under the edge — 


Druckverteilung unter einem gleichmiissig belasteten, elastischen 
_welcher auf der Oberfiiiche des elastisch-isotropen Halbraumes liegt,” von H. 
International Assoc. for Bridge and Structural Eng., Second Congress, Final Rept., 1937. 
“Die auf dem elastisch- isotropen Halbraum aufruhende, zentral symmetrisch 
lastete elastische Kreisplatte,” von A. Habel, Bauingentewr, 1937, H. 
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An 
‘under the edge. of a *Toundation was presented by the writer in 1934.28 38 All 
the aforementioned | theoretical computations of the distribution of the soil 
te i under loaded plates or strips, having a certain degree of rigidity, 
 qelate to very simple cases which, in practice, are very seldom encountered. — 
3 To show how the practical problens of determining the influence of the 
ai ‘rigidity of a given structure on the distribution of the soil pressures may be K 
attacked, the following example will be considered: In Fig. 16 the four founda- 
tions, symmetrical about a center line, « consist of infinitely long strips, sup- 
Or ting a rather rigid structure. The loads, Pi, P2, may be determined as — 
E under the assumptions applying to unyielding foundations. _ This isa 


problem of pure statics, the solution of which is well known. The assump- 
+ that the structure is infinitely long simplifies the computation inasmuch 


SSS 


tions, giv ren in the paper and in the monograph mentioned** enables the de- 
signer to determine the settlements. and if the concentration factor 


the compressibility of the soil are known, 


_ As the originally straight surface line, ab, of the soil changes into the © 
curve, a’ b’, it is the distribution of the total load, =P, which 


a the structure and on the ground, is shown in Fig. 16. _ The unknown — 
of AP must satisfy the condition that the deformation of the structure be- 


comes identical - with the | deformation of the surface line of the soil. Es- 


pee cially, if the structure is absolutely rigid, the ‘supplementary | sy ‘stem of 


supplementary forces, v vary directly with AP, the numerical work involved — 
3 ‘is not so tedious as one would suppose at first glance. The last step of this _ 


_ Procedure is to compute the so-called secondary stresses in the structure, — 


‘Wits “ Druckverteilung im Baugrunée,” (5), 


= 


for rces, D(AP) = 0, must flatten the curve, a’ bv’, into a horizontal 
line, a” b” (dotted in Fig. 16) . As the settlements, due to the action of the At 
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Taytor,?® Assoc. M. Am. Soo. C. (by letter). 
author to be commended for advancing the question of stress distri- 
_ bution under rigid footings and rigid mat foundations, and for eee 
the fact that the common ‘practice of assuming uniform distribution of 
pressure is not logical and may be unsafe in - some cases. — Most engineers 
o agree with his recommendation that extensive use should be made of 4 
measuring cells under ne new structures furnish on on actual 
_ Professor Krynine has made free use of the concentration factor, a as 
pe parameter which should be adopted only when the extent to which hit is 
a applicable is held clearly : in mind. ‘The same point may be said | to apply 
Fi: to Dr. Froéhlich’s work* which, however, contains many valuable concep- 
tions a student of this ‘subject. _ Frohlich | shown that under the 
edges of a rigid footing on the surface of a sand deposit a condition of 
; plastic flow must exist for which the concentration factor will have a 
maximum value of perhaps” or 8. Under the footing, progressing from 
edge to the e center, this factor will decrease ‘point ‘to ‘point 
also it will decrease with increasing Gopth. Thus, the concentration factor 
at different points for the given case may vary as much as from 8 to ; 


o and with this in mind it may be seen that diagrams such as Fig. | 9 may 


author the statement t that consolidation of strata has 
on 
which it rests; the entire system may be assumed to 


7 


This can no “more be possible than that the middle support of a rigid a 

continuous beam can settle without increasing the load which the ‘outer 
supports must carry. Fig. 17(a) consider the loaded area to “be the 
surface of a sand deposit where there is a complete lack of ‘Tigidity, and Pa 
= simplicity let it be loaded | uniformly and let the load be applied in- 


stantaneously. Before the “underlying layer has had time to compress ba 


the settlemen t, which will occur entirely within the sand, will 

+4 be as shown; and the stress thrown to the buried layer, according to ‘the 
paste conceptions of spreading | out of stress, will be as indicated. From af 
this ‘distribution of pressure on the buried layer, it is evident that a 


Research ‘Mechanics, Dept. of Civ. and San. Mass. Inst. 


— | 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
4 
— 
— 
— 
— > 
q 
1 
q = 
a 


— 


ty 


layer is probably not radically altered. comparison, 
17(c), let the footing be rigid. ‘When suddenly loaded the stress ess distribution 
under it and the stress transmitted to the clay will be as shown. It is 


evident that in. this case there is a toward greater ecttlemente 


‘se 
proceeds there must be a of the two stress distributions of 
“Fig. 17(c), since the stress distribution at the compressible layer is caused : 
_ by the stress at the loaded area and also must be such as to give uniform _ 
settlement. Fig. 17(d) is a rough indication of probable distribution for 


aco Feup,’ M. Am. C. E (by letter).— Because of the 


well as the counpletences of the paper, the | author’s contri- a4 
if bution to the study of soil mechanics is one of outstanding merit. ’ The limita- 
; tions of the results are carefully stated and no universal solution a i 


neulting long as the summation of strains resulting from 
— does not exceed that at the elastic limit of the isotropic mass, methods 
‘i of superposition are permissible. Conclusions 1 to 5 are worth careful study > 
4 oe might be proper to point out that the stresses, s, are acting in the direc- 
— tion of the radius vector, joining the point of loading with the point at which — : 
stress is being determined; also, that the graphical method described 
gives the stress at any one chosen point in the earth mass and must be r 
‘ _— for each point at which knowledge of the stress is desired. te 
As a practical problem, the vertical intensity of loading is required. A is 
e. continuation of the basic formulas of the paper, as is done later for the ex- 
- planation of the graphical method gives: The vertical unit stress at any point 
- in an earth mass due to a point load, P, at the surface is ; 


The vertical u unit stress at any point in » an earth mass due to a uniform iene 
in Equations (32) and (33) are desived tron from Equations (1) and (6) of the 3 
a. For various values of n and a a, tables based « on the values for ny listed _ 
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compression in this wi 
undergo a will be greatest at the center. T’he loaded area : 
a settlement approxi — 
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of Table 2, “upon on an assumed value of n, and w with a given loading, stress 


n 

TABLE 2.—VALUES OF 5— cos"? a AND cos™+! a. 


a=15° | a=30° | a= 45° | 30° pres 
| gaz | | | 359 | ©. 
0.517 | «0.269 | = (0.366 «| «60.133 
0.796 0.625 0.292 0.070 358 0108 
0.955 0.723 0303 | 0.060 0.939 «| 0.343 | 0.083 
7 | 1114 | 0815 | 0.306 | 0.049 21019 | 0. 0.323 | (0.066 
a 127 #0897 | 0.301 0039 0. 0.299 | 0.048 


Except in unusual cases, or at shallow depths, { there i is seldom any neces- 


Poe to go i into great details such as are outlined in the example illustrated : 
by Fig. 6. _ Taking the data of that example, a a very rapid approximate com- 
putation, using a slide-rule only, can be made as follows: Divide the area 


into three areas by the horizontal and vertical lines through Point xX, and — 


ao =79 x 60; the center of gravity | is 39. 5 right and 30.0 ie ie 
is = 26° 20’; and, A, cos'a = 2740. 


A, = 55.25 X 60; the center of gravity is 27. 63 | left and 29.0 down; a is Bek 

= 65.75 X 60; the center of gravity is 32.96 left and 31.0 down; 
tan 24° 20’; and, As cos’ a = 2 480. 


(The foregoing values are obtained from the correct location of the coll: = 
of gravity of the two trapezoids. It is close enough even to assume the centers 
(380 ft up and 30 ft down from the axis.) 

~The summation of A cos® a is 7 500, wna the vertical unit pressure 100 TS 

below Point X is 0.89 ton per sq ft. This may seem to be in considerable ree 
_ error, the author’s value being 0. 0. 78, but at a depth of 100 ft, the weight a5 
the soil is approximately . 5 tons 7 per sq ft, and the totals are, therefore, prac- ae 
tically identical. Much closer approximations, of course, can be determined 

by further subdivision of the loaded area. 
M. Am. Soc. C. E. (by letter)—An inter 


esting review of the most important recent developments in the study 2 


“termination of pressures. ‘within soil mass, contained in this paper. 
Special attention is given to the so- called “ concentration factor. One 


of welcome fea tur res of the ‘paper is list of, questions, related to 


Asst. Prof. of Civ. Eng., Princeton Univ., Princeton, N. J. 
; 
= 


4 


a 


= 


a 


¢ 


— 
— 
— | 
— 
il 
| 
— 
— 
| 
| 
— 
| 
4 
| 
— i 
— 
— 
=. 2 
— 
— 4 
PR. 
— 


TSCHEBOTAREFF ON PRESSURES BENEATH A SPREAD FOUNDATION =» 855 a 

‘pressure distribution studies, ‘problems in need of eluci- 


dation: further research Most of branches of soil m mechanics 


for closer co-operation between the various research centers and practicing 
: "engineers if further progress is to be made rapidly. Such co- o-operation — 
might be advanced considerably a clear formulation of the problems — 
 gequiring solution in the various fields. The publication of detailed lists of 
gil questions should help to co- ordinate th nts efforts of the individual 
‘The purpose of this discussion is to add a few more points to the outline — ‘ 
— of the | necessary further research work, as given by Professor Krynine, and 
to offer some comments concerning the possible methods of approach to 
Problem 1.—When Should the Laws of Pressure Distribution and When 
sie —Alternatively—Should the Probable Irregularities in the Compressibility Be 
4 a Soil Be Adopted as a Basis for Foundation Design?—All estimations as 
of pressure distribution are based on the assumption the soil 
homogeneous material of uniform compressibility. Systematic investiga- 
tion is required in| different localities to ascertain what types of soil are, ; 
a rule, uniform—at least horizontally—so that the foregoing assumption 
ean be considered sufficiently valid for purposes of practical design. Very — 
data are available on s important Point. In addition to 


done by. on numerous ial all new 
to be erected on compressible deposits. The necessity of such 
observations for all purposes of foundation research has been stressed 
peatedly in technical publications by numerous authors, but little has been ai 
actually. becomes more and more evident that such full-scale 
require the participation of national or local ‘governments, 
or of other public institutions, to allow their successful organization on a 
The writer’s experience with settlement observations of fourteen struc- 
“tures in Egypt and some records from other localities to which he has — 
had tend to show there may be in some cases a relation 


ac 


“alternate exposures to drying and flooding showed a fairly regular hori- 
zontal distribution of the observed settlements over the area of the all 
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Cohesive soils “which had precompresse previous 
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>. ad a its compressibility. Of course, many more observations — 
d ae 4 parisons are required in different countries before anyth ‘a a 
ie Le said on the subject, but the following outline may attempt at 4 _ 
— 
ar. 4% — 
— 
— 
to approaching the one derived from the Boussinesq formulas. Presum 
the previous higher shrinkage and swelling pressures had had a tend 
ie F q to make these clays and silts more homogeneous in respect of the degree — — , 
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of their resistance to t the later smaller pressures from the | The 
may be tentatively explained, ‘as follows: The shrinkage limit, that is, im 


is compressed by drying, is fairly low for 
all fully inorganic cohesive soils: and varies over a comparatively small 
range. ze. (For the Nile clays and silts of the cases referred to the water 
content at the shrinkage limit varied from about 14% to 28% of the 
weight of the solid substance.) The soil” which has shrunk most will also 5 
tend to ex expand ‘most when wetted — again. In the early stages of the life iB 
of a deposit of the type considered, adjoining zones of unequal compres- a a 
sibility x may exist in the same layer | since its sedimentation. . (The a age of 5 
the deposits referred to varies from about 600 to more than 2000 years.) 7a 
In each cycle subsequent repeated drying and flooding would cause, first, 
of all zones of any compressibility oud ‘the 
appearance of numerous vertical shrinkage cracks. _ Then, during flooding, 
these shrinkage cracks would be silted and, simultaneously, the soil 
around these cracks would start swelling. After” ‘a few cycles” of this kind 
_ the swelling would be partly prevented by the newly added soil which had Bs 
filled these cracks. The zones most compacted by the shrinkage would have BS 
a tendency to swell most and, being prevented from doing 80, would as a aa 
consequence exert a horizontal pressure on the adjoining less compact — 


zones would be greater than the ‘counter- caused by the lesser 


ually, toa of both zones to 
pressure. This repeated process should a generally homogenizing 
greet on fairly large areas of a deposit. The degree of its | resistance Oe 
further + vertical. compression should thereby be rendered also more 
The only case of a horizontally irregular degree of compressibility, as 4 
7 by a measured tilting to one side of a uniformly loaded =n 
erected on a sedimentary cohesive deposit of the type cited, was recorded — 
during this series | of observations on ‘a very recent formation (less than 
150 yr of existence). Local hydraulic conditions made it appear very 
doubtful that ‘it could have been | subjected d during this short period to the 
homogenizing p process of repeated shrinkage and 
Older and deeper lying but non-prestressed cohesive deposits of dierent 
origin in other countries oxkibioed a varying behavior. Some showed ob 


soil irregularities by the pressure distribution. Others “3 
hibited a regularity of settlement distribution in plan which indicated a — 


soil material of almost perfectly isotropic compressibility characteristics. 
‘The: writer has not come into contact with a sufficient number of settlement : 
records of such cases to allow him to make comparisons for the purpose of — ee 
‘establishing the factors | governing this difference of behavior. He would 
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studies of the relevant All the achievements: of theoretical inves- 
tigations and small- scale experiments on isotropic materials will be of little 
.: use in the final analysis unless one knows when Nature permits the appli- — ie 
cation of the results| obtained to engineering» practice. ( full-scale 
observations can give a reliable answer to this question. if at offT 
Ne _ Tt may be expected that both cohesive and non-cohesive soils pre-stressed 


a fis: by glacier loads would exhibit in many cases a horizontally uniform degree 

mt of compressibility. Whenever the great pressure of a glacier was applied i- 
ae ¥ to a large area of an underlying older deposit, in compressing such area 4 
the glacier would probably plane or "squeeze out the stiffer zones first, 
‘a4 f producing thereby a homogenizing effect on the later compressibility of | 
ted the whole layer. The writer has “not come in contact with records of 

| "settlement observations on m such deposits and, therefore, , makes the sugges- 
Glacier loads would probably be the only homogenizing force that could 
ae |  * act ‘effectively on a granular deposit if it was originally sedimented in an 
iy u irregularly loose condition. — Drying would be of no effect on such = 
the records: known to the writer concerning settlements on non- pre-— 

» | | pon loose granular deposits (that is non- -compacted sandy loams, sands, 
oe and gravels of a type where appreciable settlements were measured) ap an 


peared to give evidence pointing toward a pronounced horizontal irregu- 
; larity in the degree of their compressibility. 
i a urther numerous field observations may possibly lead to the deduction — 
of reliable criteria for the guidance of engineers—presumably of 
tele nature—indicating the types of soil deposits for which designs: may aa 
be based on laws of pressure distribution and on what deposits: probable _ 
irregularities in the compressibility. of a soil should be considered 
primarily. The practical importance of such criteria is obvious. 
Problem 2.— —The Depth of the Foundation Beneath the Soil Surface ; 
Should Have Considerable Influence on the Value of the “ Concentration — 
_ ‘Factor,’ ’ the Exact Extent of This Influence Kequiring Experimental In- 4 
__ wwatigation—Several attempts have been made to express mathematically, 
by means of the so-called ‘ concentration factor,’ the observed that 
; _ oo in sand are more concentrated beneath the | center of the founda- 
resting on it it than would have been the ease if the laws of 
distribution in an isotropic solid body were valid for sand. The difference 
t concentration of pressures appears to depend mainly on the nature and 
oon state of the soil material | beneath t the edges. of the foundation; that is, 
‘ "assuming that the foundation rests on the soil surface and that the soil — 
consists of cohesionless sand, lateral yielding, followed by loss of 


‘Supporting power of the “soil, is known to occur near~ the sand "surface 


% 


greater concentration of pressures the of the 


than is the case on a more cohesive type of soil | 
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The degree of a soil be cohen: the 

the “concentration factor” as the essential criterion for the choice of 
its” value. For the ‘case 0 of a foundation resting « on the soil” surface the 

value of the “concentration factor” is generally assumed to vary from — 

n= 8 (clays) to n= 6 (sands). aren ods 


‘However, the weight of the overlying layers may also. be 


The resistance to lateral yielding of the soil at the edges of the foundation 
oe _ depends on its shearing -Tesistance. . This resistance, in turn, may be due 
the ‘eohesion of the soil, or to its frictional resistance, the 


= 


sistance to "would become great that a sand» would 
is behave like a solid material with a ‘ ‘ concentration factor” of n=8. This 
may be a probable explanation for the | cease of the bridge « caisson on n the a 


Rhine, mentioned by Professor Krynine (see Fig. 12), where pressure cells 
- embedded at its base indicated greater counter-pressures of the sand at the a 
edges than at the center of the caisson, as this should be the case for solid ie 
materials where no lateral yielding around the edges is possible. In te 
addition to the weight of the upper layers, Pressures transmitted by friction a 
the external side walls of the caisson m may have acted here as an 
extra surcharge on the area around its base. 
— Small- scale tests made by ‘Dr. O. Faber, in England, on soil reactions 
against foundation ‘plates, ; give interesting indirect evidence on “sub- 
ject. 82 These tests showed that, for a surcharge of 1.46 tons per sq ft E 
_ around a circular foundation plate 1 ft in diameter r (this surcharge repre- se 
- senting the | equivalent of about 30 ft of overlying soil), the soil reactions aa 
against the edges of the foundation plate were equal to about 60% of the ¥ 
average pressure assumed to b be distributed uniformly over the entire test- 


plate area. Fe or the case of no the value of the reactions at the 


edge ‘from: 20% to 60% of the average by the “surcharge 
against lateral yielding of ‘soil beneath “the ‘edges andy. therefore, 

- firms the views expressed herein concerning the considerable influence on 
‘concentration factor” of the depth of the foundation below the soil 
surface. Further experimental investigation of the limit and 
ae 


values of this influence is desirable. Such investigations should take into 


aaneuat the degree of density ene sand, which is also likely to affect the a 

Problem 8.—The “ Concentration Factor” Formulas Should Express the H 
a Physical Fact That the Influence of the Foundation Boundary Conditions — 


the Pressure Distribution Decreases” with Larger 


aa, 
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U 

around the foundation edges; th that is, the “ 7 should 
be governed by the conditions at the foundation boundary. y. The influence —T 
is of these boundary conditions on the general pressure distribution obviously _ 
ae decreases with an ‘increase of the size of the loaded area. in respect to 
a reactions this circumstance is well illustrated by Fig. r. 11 of the paper, 
2 but it does not seem to have been taken into account in any of the — 
“concentration factor” formulas thus far proposed. 


It to the writer that the value of the “ ‘concentration factor 
Fondation element near the center of the foundation area, ‘should 
different from the value for a stress. component, depending on an element 
near the edges of the area. In other words, a “concentration factor” 
changing in value with the distance from the center of the foundation 
toward its edges, should be used when making the integration of the stress 
transmitted from the various foundation elements. The graphi- 


34 method of integration by Professor Krynine_ might adapted 


tures, in y supply ¢ a 1 criterion © concerning g the probable heeinental uniformity 4 
of its compressibility and, therefore, also a _eriterion as t to how far future — 
foundation designs may be reasonably based ‘on pressure distribution 
Conclusion (b) —The estimation by means of the “ concentration factor” 
“ah te pressure distribution beneath a foundation is more _ complex than 
would appear from the formulas so far proposed for this ‘purpose by several 
These formulas not take into account variables of which the 
concentration factor” is a function which 1 should strongly affect its 
These additional that is, the surcharge of the “overlying 
soil layers around | the foundation and the size of the loaded area ‘itself, 
might possibly cause, in ‘many practical cases, a ‘pressure distribution in 
approaching closely that of fully cohesive soils (n=8), for. which 
humerous euxiliary tables, computation graphs, and ‘other accessories have 


been developed, greatly simplifying accelerating pressure 


Conclusion (c). —Much experimental and theoretical is sti ill 
complimented on having 


A. Hrennikorr 2° Assoc. Am. Sou. 0. E. (by letter).— 
in the development of soil mechanics is marked by this paper, which is 
a valuable contribution to engineering knowledge. The writer has no ‘sug: 
“fom to make in connection with ‘the clear presentation of the author’s 
‘interesting method, and he will limit himself to the discussion of the © 


assumptions of the theory of a stress concentration factor, on on which 
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Tt may seem peculiar that, although the new science of soil mechanics % 

deals with the same classical theory of earth pressure 
retaining walls, its development has proceeded along quite different lin mes, =O t 
and little use has been made of the findings of t of the old theory. In this ‘- i 

_ discussion the writer will endeavor to correlate the old and the new theories a a 
and to examine im detail some of the principles underlying the latter. be a? 
‘The classical earth- -pressure theory involves consideration of @ me material tie a 
with mechanical qualities that are characterized by the coefficients of fric ? 
tion, tan ¢, and of cohesion, According to this theory, if at any a 
in the earth n mass a normal unit stress, Sn» exists on any plane, 
stress — ‘Plane cannot exceed the Joc! 


although “at be less. ‘This. known as Coulomb's 
_ represents merely a statement of the fact that the maximum value of the es 


shearing unit stress, at all possible on any plane, any point, ina granular 
p. material, may be considered as the sum of two parts, one of which, f 8, 18 Bar 
a ecormapeyen to the normal unit stress on the same plane, and the other, : 
ii is independent of it. Coulon mb considered the ‘coefficients, f and ¢ 
constant throughout the entire mass of earth, but for this discussion such ey, 
8 limitation is unnecessary, and the coefficients, c and f, will be thought 
as quantities constant for different planes at the given point, 
varying, if necessary, from point to point. There can scarcely be ‘any a 
quarrel with Equation (34) when so interpreted, since | one cannot ‘conceive 
of any cause that would contribute to the shearing ‘resistance in a manner 
such that it could not be included either in one or the other of the mm 
parts of the | binomial of the formula, 
Equation (34) shows the fundamental distinetion between a solid body 
and an accumulation of granular particles constituting the soil. Although 
in the solid body any value of the shearing stress below the weakling point, ws 
imposed by es ' conditions of continuity, is possible, in the granular mate- 


rial there is a definite limit, and as soon as the limiting value of the 

As is shown in standard texts* this limitation of the shearing stress iF. 


results in a limitation of the ratio of the principal stresses. Ina a chs 
less material (that is, in a material for which cis ae least ratio of © es 


ipal | stresses, co consistent with Equation (34 ‘is, 


4 

: a which s, is the major principal stress, and s, is either of the two Ala a 

maining principal stresses. In a cohesive material the limiting “ratio, k, m3 


depends on c, and on the value of the major principal stress; it is Jess than a 


Equation (35), and be as low as zero. 


 *For example, “ Earth Pressure, Retaining Walls, and Bins,” by the late vii 
Cain, M. Am. Soc. C. E., New York, John Wiley & Sons. 
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‘The writer wishes to the fact that Equation (35) and its 
Si ‘counterpart for the cohesive earth are derived by application of the a 
= of statics to an infinitesimal wedge of earth, and that they are not ay 
influenced by the deformations of the material, elastic or otherwise, by 
é possible variation of the coefficients, f and ¢, from point to ‘point. 
ae) follows from the preceding discussion that a granular material ; may 
act as a solid body only as long as the ratio of principal st stresses at any 
- point, found by application of the theory of elasticity, proves. to be larger 


than the least possible value of k; but as soon as the ratio, a tends to 


fall below the particles slip, the stresses re- adjust themselves, retaining 
the least ratio, k, between them, ‘and the earth mass ceases to. act as one 
solid body. When that happens, the only equations of the theory of elas- 
that hold are those based on statics, while continuity equations 


become invalid. of slipping g "must not be overlooked 


"governed by the load and the two other principal 
by ke Thus, if a foundation “produces a vertical uniform pressure, p, on 
ch foundation bed (an assumption which is not always true), the major 
principal stress immediately under the foundation is vertical and equal 
tO D; and the other “two principal: stresses acting horizontally are equal to 
kp, unless a larger value is required by the conditions of continuity. 
Minor principal stresses less than kp are impossible because that 
“require the existence, on some planes, of a coefficient of friction greater 
h h these principles in mind the question of the admissibility of the 
Boussinesq solution will be considered. This be done first in relation 
to the two-dimensional problem, and, subsequently, some remarks will be 
: The s¢ solution has been derived for a solid body obeying Hooke’ s law. 
to this solution the major ‘principal stress acts in a radial 


Bae, 
t the remaining s, and s,, are. to sera. ¥ 
or not this solution is applicable to earth cgeues on the following two 
questions: (1) Does the Hooke’s law; 
principal stresses be equal to zero? Only ina answers to 
- these two questions can the Dedating solution be applied properly to earth. 
paveae to the first of these conditions, the ‘applicability of Hooke’s law is 
conceded by “most investigators. However, it must remembered that 
_ only a part of the total deformation may be subjected to this law, namely, — 


the Part aiding takes place. The of the 
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the stress, sen stress may be during 
The second condition required by the Boussinesq solution ‘(that ja, the 
4 vanishing of the minor principal stresses) will now be considered in detail. 
‘Three | broad cases should be distinguished: “lay 


or 


—Cohesionless Material. —In cohesionlees material the minor stresses 


—Dry Cohesive Material. —It is possible for the minor stresses in 
dry cohesive earth to vanish, provided ¢ i is sufficiently high and the major ‘ 
—_ is sufficiently low. | The greatest value of the major stress for which 
the minor stresses may vanish, can be found f from the -relation® 
Equation (87) is derived from statics without special as: 
‘3 - conclusion, then, , may be drawn that once the > major stress under the action 
of a line loading exceeds the limiting value | (see Equation (37)) the solidity 
of the earth is broken, which, in turn, means that the Boussinesq solution — 
does not hold. Taking an example of stiff clay with h p= 7° and c= 1500 
lb per sq : ft,°4 the value of 8, Equation (87) ‘equals 3390 Ib per sq 
a value “that is “not very high. The writer does not insist on the 
~ accuracy of the assumed ¢ coefficients for clay in his ; numerical example, but 
simply wishes to emphasize the fact that in conditions: encountered in 
a practice the dry cohesive earth is not likely to behave as one solid | we 
at least for some depth below the foundation; but, at | a greater depth, where 
e major principal stress” decreases sufficiently, it may as a 
body. This conclusion is corroborated by the testimony of several invest 
gators, referring to the region immediately beneath the foundation as <7 
disturbed zone. ee rom the writer’ 8 point of view this zone is ; merely 
part of the earth mass in which the particles have undergone some sliding, 
and in ‘consequently, the not hold. 


ty 


prs 


condition is to a behavior of earth as a solid continuenty and 
obviates the necessity of forming : a disturbed zone. However, in order that 
the capillary pressure may properly materialize, the earth must be nearly 
‘saturated w with capillary water. The writer does not think 


‘presence of moisture in a cohesive earth would make it behave in a manner 


essentially differen from dry earth; ‘although the coefficients, ¢ and f, may 
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be affected by moisture content. capillary pressure is present below 


Failure of to ‘egies with the experiments led 
5 investigators to adjust it by an arbitrary introduction of a a quantity, 
instead of unity in the Power of the cosine in the expression 
Equation: for the radial stress. ~The coefficient, also” had to be 
‘changed into n, =f (n) due ‘to considerations of statics; the author’s 
Equation (6) was ‘obtained. In this empirically modified Boussinesq 
solution all other results of the original theory are retained ; the radial 
is still considered as. the major principal stress, and the two other 
_ principal stresses are held equal to zero; the empirical constant, n, ‘termed 
the concentration factor, varies in magnitude depending on the nature of 
br soil material. It is this modified theory that has been used by the author 


in the dev levelopment of his graphical solution. all 


oe The weakness of the modified theory lies” in its failure to_ take proper 


fecount: of the earth | disturbance, a fact leading to ‘several apparent 


—As has been demonstrated, the minor principal ‘stresses, ipeliil 7 
the loading, ‘may be equal to zero only in cohesive material when it is 
lightly” loaded, or “nearly saturated with capillary water. When such a> 
material is nearly dry, or completely submerged below the gravitational 
, water level and, at the same time, is fairly heavily loaded, the minor © 
stresses. do. not vanish, and it does not seem justifiable’ to disregard them. em. 
In cohesionless minor stresses cannot be equal to zero under 
any circumstances. — One might think that this criticism would not apply — 
if several line loadings were superimposed; however, the objection would © 
i: still hold, at least for the region near the boundary of the loaded area. 
‘ 9 2.—It seems improbable that the same value of n should properly an 
the state of stress both near the foundation where the soil is disturbed 
outside the zone of disturbance. The writer feels that the stresses at a a 


point depend not only on the geometric location, but also on whether the 
- point in question lies inside or outside the disturbed zone. It also poate 


that the size and shape of such a zone should have an important bearing i. 
the settlement of the foundation and on the law of distribution of 


8—The use of the principle of superposition in with the 
modified Boussinesq theory seems incorrect. As has been stated, ‘the 
duction of the empirical exponent, (n—2), was, due to one of two causes: 
(a) The failure of the earth to obey Hooke’s law; or (b) earth disturbance. — 
a Either one precludes the application of the principle of - superposition. — 
That the statement true with 1 respect to the first: reason needs 
planation. he earth disturbance, however, has the sa same effect : 
because the boundary of the disturbed zone is not the same for the three 
1, and Loading 1-+2; and second, because in 
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q Boussineng theory, but such an assumption stands as a contradiction | to the 
physical nature of the phenomenon > which | it purports” to "describe. 2 
pose, for a moment, that Equation (6), describes truly the state of stress 
in certain soil under a line loading, and that the value of the concentra. 
tion factor is determined from experiments with such a loading. Tf then e 
the same soil is subjected to several. line loadings, and ‘the state of stress 
analyzed by the formulas derived by superposition which involve 
“same value of n, then a disagreement will noticed between the observed 
and the computed values of stress. disagreement ‘may be removed by 
a proper modification of the value of nm accompanied * an admission a3 
that the magnitude of the. concentration 
character of the soil, but also on the eer: of ‘the load and on the 4 
Thus, the assumptions of the modified Boussinesq theory lead toa a 
ction of variability of concentration factor, with dependence 
_* several "variables besides the character of the soil. This complicates 
“matter considerably. The difficulty, of course, the natural conse- 
quen an attempt to describe a physical phenomenon > by an uncongenial — wis 
formula and an unsuitable assumption. 
‘The writer feels that the criticism of the use of ‘superposition in the ey 


Ls modified theory strikes at its very ‘root, and unless it is removed, “the 


primary object of stress analysis in the a foundation is 
the determination of the foundation settlement, caused by the | earth” de 
formation, but this deformation is manifestly a of all three 
principal stresses, and not of p, alone. Nor can p, always be ‘considered 
nearly equal to the major principal stress. The writer thinks that the 


_-pressure exerted by the actual foundation on a bed of cohesionless material q 
may be inclined at on angle of ‘friction with the ‘normal. if that is true, 


foregoing criticisms have been ‘made primarily as they apply 
the two-dimensional problem. also apply with minor qualifications 
=. to the three-dimensional etttens in regard to which the writer wishes to 

he foll dditional comm nt: 

e t] ne following additional commen as (ot 

—In the original Boussinesq_ ‘solution the radial stress is not a prin- 2 
cipal. stress, except for an incompressible elastic s solid body, and none: of A 
the principal stresses is zero. In the empirically ‘modified solution, Equa 
tions (1) and (4), the radial stress is treated as the major principal stress eo 


oad principal s stresses are considered non-existent. Although 


gravel must be far from vertical. be 
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a the disturbed zone, the = the combined major stress. 
but keep a constant ratio, k, 
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theory, except for the aforementioned impossible material. From 
-- these considerations it follows that if a certain earth material exhibits, in 
 jts mechanical characteristics, a great similarity to an elastic solid body, 
such a material is not subject to analysis by the modified Boussinesq 
t theory, a conclusion which is as unexpected as it is logical. The modified - 

theory, therefore, must be supplemented by the list of soils t which» it 


Aa Conclusion. —The Boussineeq theory has been chosen as a starting point 


ime ‘soil mechanics: by many investigators. A ‘After some _ adjustments, an 
apparent agreement with the experiments has been reached, and the in- 
: vestigators have been eager to proceed with further development, whe eas 
“the nature of ‘underlying assumptions apparently has received only casual 
attention. — This discussion, by emphasizing some ‘seeming inconsistencies, _ 
is intended to bring forward the necessity — for critical examination of 


the basic principles on which the theory rests. The. writer appreciates 


the qualitative value of the original Boussinesq theory in describing the a 
field for its applicability i it 
dealing with cohesive but he feels unable to. explain Ps numerous = 


apparent contradictions inherent in the modified theory. If the writer’s 


stress behavior of the earth “mass, is inclined” to concede a limited 


correct, and the “contradictions indicated by him are irrecon- 
further elaboration the the factor 


Rovert G. Assoc. 


chanics is of more 1 more than usual interest, not only can of the fore Ro 
of material and presentation, but also because the division of his paper 
“into two parts illustrates rather an important gap i the existing 


accuracy to case of in soil 
stratum. Part IT deals in @ more general sense with stress distribution 
over the surface of contact of the structure with the earth. 


Sh zone,” which needs more investigation before a satisfactory pon 
is available to the profession. In the meantime, the engineer must resort 
to the statistical, as enti: to the scientific, approach in dealing with 
What Professor Krynine terms “contact settlement.” 
ge Those who frequently have occasion to determine stress distribution in 
the subsoil should welcome the presented in Part I. 


ington, Seattle, Wash. 7 
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i 
is natural, but unfortunate, that “most to the 
_ science of soil mechanics seem to widen progressively the gap between the 
specialist and the average civil engineer. It is the impression of the ; 
writer that many ‘engineers without formal education in soil mechanics + 
would read this, and similar papers, more profitably if the fundamental ne 


assumptions treated physical as well as from the mathe- 


Consider, for example, the case of a uniform load placed on th 


zontal surface of a large ‘supporting body. ae the load could be transmitted aS 


—— 


Ly 


_ through this material without spread, the resulting situation would be as 
_ shown in the free body diagram of Fig. 18, , the entire load, W, being» 
carried by the prism ABCD, which would, consequently, be shortened. Tf 
the material possessed any shearing strength, however, this compression 
would set up shearing stresses the surfaces, AD and BC, thus trans- 
mitting part of the load to the adjacent regions in “violation of the 
assumptions. If the material had no shearing “strength, Fpl || 
material would flow from under the load until ‘the vertical stress across 


horizontal pla ane became equalized, the body would” float, in 


x 


ny 


Fig. 19. If the material 
‘the maximum "trees imposed, would flow ‘until | the maximum — 
shearing stresses were relieved to a point within the capacity of the — ; 
‘to withstand them. _ The quantity of flow depends, in part, upon the leost 
tion of the over-stressed material. If it cannot move without displacing o: 
a considerable quantity of adjacent material, the flow may be limited to pe 
the relatively small amount required to compress the adjacent 
"stressed soil sufficiently to transfer to it the excess load. Because this 

quantity depends upon the compressibility of the material, the computation | ? 

of stress distribution is greatly simplified if it is first assumed that the ¥ 


stresses nowhere exceed — of the ‘material. 
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HENNES 01 ON B 
Pos. b Next, consider a pile of incompressible rollers arranged as in Fig. - 
a is obvious that the load, P, would be divided equally between the two — 
 gollers in the second layer, and that in the third layer the middle roller — 
a would be subjected to a load of 0.5P while the | two end rollers” would each cam 
carry a load of 0.25 P, horizontal stress components being disregarded. 
‘If the same stress distribution were assumed to occur in a pile of elastic 7 
rollers, the application of the load, would result a compression 
each roller, and in the third layer the middle roller would experience twice 28 
the vertical _ compression of the end rollers, and hence lose contact with — 
4 the ‘overlying rollers v which transmit the load. t. Since this is contradictory, 
jit seems that for elastic materials the normal stress distribution a 
horizontal plane will be than that "represented: by the. 
. ample of the inelastic rollers. a An intermediate case would be that of a 
material which, like soil, offered relatively more resistance to compression _ 
at higher temperatures. It should be eran further that, in the foregoing ah} 2 


example, lateral forces have been neglected. As the end rollers experienced 

Jateral displacements under ‘tress, the middle roller would regain its proper 

share of the load, as the overlying rollers moved into ‘more stable positions 

with equal | bearing on their supports. - Since vertical stress distribution is 
thus seen to be a function of lateral strain, it follows that divergence 
between the stress- strain relationships along horizontal and vertical axes 
would affect that nature of normal stress. distribution. The general problem — 

is further simplified, therefore, by assuming that the material has the same 

Physical properties in all directions, and that it is a 


In general, the f 
termining the stress ‘at a point in a -semi- -infinite, elastically ‘isotropic 
loaded by a single concentrated normal “force applied at a point on the 
t the foregoing concepts, and with a knowledge of Boussinesq’s 
assumptions, one can visualize, ina amend way, the application of this type 
of equation to lightly stressed soil strata, especially when the concentration 
factor is included. | If those concepts | are approximately c correct, however, ‘it 
is difficult to understand how the concentration factor can be made to cover 
{ the situation that arises when the shearing strength of the soil is exceeded 
at one or “more” points, involving such factors as the flow 
‘the compressibility of the material. Yet this is the situation that com- A i 
monly exists in the disturbed zone, at least under the edge of the — 


tags is perfectly flexible, the flow eoutineas until the ) edge of the footing : = 
settled to. ‘such a depth that the weight of the adjacent earth 


"sufficiently served to relieve the intensity of the maximum shearing stress, _ 
ow to increase @ the frictional resistance to flow. If the footing is perfectly — 


tle independently; thus incipient failure of the 
soil at the edges is accompanied by transfer of some of the load to “a. 


of the footing, and the condition of uniform no 
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a not hold for s surface loadings, whereas for footings at considerable depth, 
the effect of confinement might give even clay sufficient rigidity to corre- 
- spond to Fig. 11(c) and Fig. 11(d). : It would still be possible, of course, 
for the intensity _ of the soil reaction at the center of the footing to. be 
relieved by the actual settlement of the : ‘soil, as in the case of consolidation — 


% Assoc, Am. Soc. C. E. | (by le letter) )—The 
a factors that influence | the stresses in n earth masses are | treated mc most it completely 


Ss in this p paper, which reveals : clearly the fact that little is known about the pool 
distribution of stresses in a foundation, especially where there is a wide differ. 
_ ence between the rigidity of the structure and the foundation material. a 


v ‘ quick ‘realization of this fact | by the Engineering Profession in general will be : 


a most helpful in speeding the accumulation of badly needed field data. The 
author’ s “reduced area’ method of determining pressures under structures is 


a decided improvement over r the usual procedure, and should meet with wide- 


— Ren Recognition of the influence of the rigidity of structures and earth masses: ee 
a mae. on the stress distribution is of major importance. | Professor Krynine has g given 
a thorough presentation of the effect of this influence and he rightly states that ; 
the degree of rigidity in actual structures will be some value between the two 
<—s 5 extreme limits. The writer agrees with the statement that a clay can be con- ‘ 
— as a non-rigid mass; but, on the other hand, he believes that a | compact 
sand will act as a rigid mass only when it is supported by non-yielding strata. 
Be y: In the case of a footing resting on a compact sand stratum which, in turn, is sup- 
- ported by a non-rigid clay stratum, the sand, in this ¢ case, could not be correctly. ‘ 
considered as a rigid mass. The same is true of a sand dam resting on a clay © 
foundation. In cases where the clay is ist underlaid, as well as overlaid, with sand, 
‘the top sand should not be treated as a . rigid m mass, , although the sand beneath 
it should be considered rigid. _ Working on this basis, the writer has been able 


to obtain some close checks on the stability of earth fills resting on clay in the - 


APS Interrelation of stresses the and foundation are utmost 
importance. — The stresses in an earth fill have a marked effect upon the stress 
in the foundation. This fact has been ignored by numerous investigators in 
an attempt to devise a simple formula or method for analyzing the stress ina 
foundation. The writer has found that it is essential , in the design of earth — 
embankments, that the fill and foundation be considered as a whole i in deter- 
Considerable errors will occur in the computed foundation stresses if the 
stress in the structure is not taken into consideration, as would be the case if 4 4 
‘it is assumed to be perfectly rigid. It is evident that the greatest error in 
these stresses occurs when the actual rigidity of the structures and the founda- 7 
tions is approximately the same. Errors: are also introduced if it is assumed 


that the vertical load on the upper boundary of the foundation material is 


on 


Senior Engr., Board of Engrs. for Rivers and Harbors, Washington, D. C.; Caz, Soil 
and Control Div., Fort Peck Dam, Fort Peck, Mont. 
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ON BENEATH A SPREAD FOUNDATION fe ‘ 


~ equal to the weight of the rae directly above it at every point, and that mr 
iy shearing stress along this upper boundary i is zero. It is only logical that 
“dam builders” should be first to recognize the importance of these principles, ; 


since the difference in the rigidity of the fill and foundation of a dam is much ~ 


4 


smaller than it would be for a footing on the same foundation. peu sertt taxi sate: 
_ In making use of ‘computed foundation stresses, does | the author sittin.) 
satisfactory the generally accepted method of determining the probable settle- ‘ 
ment of a structure by computations based on the use of the vertical forces — 5 
and the change in volume of the compressible strata ‘directly beneath the — 
Yoaded area only? In order to determine accurately the probable settlement 
$ beneath a footing, the volume change from consolidation throughout the entire _ 
pressure bulb should be used. Furthermore, the maximum principal. stresses, 
rather than vertical stresses, should be used in computing the consolidation. | 
if This method will not be as simple to use as the generally accepted method, but © 
too much simplification of a complex problem can easily lead to undesirable | 
Ve errors in the results. _ Therefore, since the engineer is attempting to determine y 
the stresses more accurately, he is also justified i in using a more neaaly correct — 
method of ‘computing t the consolidation. 
A. Eremin,’? Assoo. M. Am. Soc. C. E (by letter). 
ting method of graphical computation of foundation stresses under 
spread footings is developed in n this ‘paper. It is simple and helps 
visualize the distribution of foundation pressures. Professor Krynine’s 
graphical construction 1 may also be applied i in the computation o of founds- ; 
stresses with equations developed by Messrs. Kégler and A. 
Scheidig: Using the author’s notation, the vertical foundation pressure, 


at as expressed by ‘Messrs. Kégler and | Scheidig” is: 


 L—co 


_ in which ¢ is the angle of repose of the foundation material. Pe 
principle of superposition of loads, the foundation pi to the 
Toad on an elementary area, dA, from Equation (38) are, #8 | 


rok, a= et ¢ sin cos! 


* 


ic 
it is interesting to note that instead, of the term, n, ae by the author 
in the equations for _ stresses, Messrs. Kogler scree: used 


foundation 
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M. M. Bursson,® Esq. (by letter).—The two quite distinct parts into fe 
ed fF which this paper is divided, are: (I) The description of a graphical method for _ _ i. 2 
ie — 
—- 
| 


computing the stresses in soils; and (II) a that under 
Part I.—The M ethod. —In some cases, it has been possible | to derive analytical 
formulas giving the values for horizontal and vertical normal pressures and for 
principal stresses at any point ina half space. By dividing the loaded area into’ 
rectangular, or square, elements, the vertical pressure can be computed easily, ‘s % 
for instance, the method developed by Dr. Wilhelm Steinbrenner. 
i jpn cases, Professor Krynine’s method will be an easier one for ' the solution of © 
similar problems, taking the value of the concentration factor, n, into account, 
7 sufficient accuracy. This is an application of a graphic integration 3 
as method which has been well known for mally years, and which makes it easy 
to solve for the principal stress trajectories. 
Moreover, since failure trajectories are isoclinic lines that meet the prineipal bo : 
ernst trajectories at an angle, ~ 4 - ba , one may draw easily such failure lines, 


J 


iy, 


the parabola i is a a straight line, inclined to the vertical by an paver equal to the 
on eis friction angle. “ In the case of an infinite loaded strip, it is known that = 
a ae principal stress trajectories : are e hyperbolas with their foci at the edges of weld 
a = loading strip. From this knowledge, failure trajectories can be drawn easily. 
ae im d Failure would occur if the equilibrium of a certain part of the loaded body 
should become unstable. This condition will decide the position of ae 
failure re trajectories and also the loading conditions corresponding to an actual 
ee 5 failure re along these lines. hen it is possible to determine the form of the ag 
@ plastic. zones analytically—and, above all, to locate the point of intersection of 
o the marginal plastic zone with the loaded surface—(the abscissa of this point a3 
ia is is a function of the : applied load)— one may locate the extreme failure trajectory ; 


aioe also, i in an analytical manner, since this line must necessarily meet the afore- Kee 


eae In a particular case, a uniformly loaded strip waite show, contrary to ae 


ca expectation, that the extreme plastic-zone lines are not in _ themselves failure at 


pe” 
oe lines; this indiontes, incidentally, that the bases of Prandtl’s computation are 


a urthermore, if the stress distribution Wen studied analytically, it is 
; » idle possible, to choose from a set of possible failure trajectories, one along 
actual failure co conditions will be attained. This can be done ‘raphioally 
i. £ using & ‘method similar to that applied i in determining the slopes of earth dams 
_--—-—-s Without any difficulty, one may compute the load necessary to produce such a Be: 


Sy ‘critical instability, whether the loading is rigid or semi-rigid. = 8 = 


Die Strasse, October, 1934; also a special publication that Journal 


Btude de la plasticité dans le cas d'une bande de Andéfinie chargée uni 
” by M. M. Buisson, Travaux, Mars, 1937. 
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ISSON PRESSU RES. BENEATH A SPREAD FOUNDATION 


Following the same general trend of thought, the writer would attach great — 


- importance to the systematic determination of failure conditions in 1 most of 
the common loading cases. This can be done easily by means of Professor 
Krynine’s graphical method. pow: e op od vaw bad af? 

On the other hand, actual tests have shown® that if an excessive load is _ 


applied to an earth mass, and both the earth mass and the superstructure fail, — 
‘ the failure trajectories in both bodies in contact are always prolongations of 


each other. _ ‘They do not } possess a common tangent at the boundary, however, 


the soil and in the superstructure. worthy of note that, in cases where 
7 i. was possible to trace lines for these failure trajectories, with sufficient accuracy, 
Me they were almost the same as the theoretical lines, corresponding to n = 3. _ 


—The Part of the paper, which Telates to 


writer would insist, urgently, on the great necessity of mahieg actual tests and - 


“measurements on the fo foundations ‘themselves. Bean 
Numerous important factors which are not yet completely ‘understood 
are then in operation. First, the basic hypotheses must be checked. Only by 


- actual testing or obesivatiiea: 6 can one obtain reliable ‘results. It is difficult 
- indeed to determine, even approximately, the mutual reactions of both bodies _ 
in contact; that i is, the superstructure and the supporting soil. results 
.-- contradictory only because due attention has not been paid to = 
of peculiar cases. P rofessor Frohlich is credited | w ith having studied 
; the rare tests existing at the ti ime and» comparing them, case by case, with 
the theoretical results obtained by Boussinesq. 
Ih this manner he arrived at the most interesting conception of the “concen- 
i, tration factor,” n, thus providing a means of generalizing om formulas for the 
Experimental tests and measures, however, are very difficult to carry to a 
successful conclusion, the principal reason being the presence of important, 
although secondary, phenomena. In general, pressures are measured by using 
Goldbeck cells. For small-scale models, it seems better to resort to small — oe 
closed in by a rubber diaphragm. It is necessary 
conduct the tests in such a manner that the diaphragm cannot become dis- 
placed; otherwise, the readings will be affected. , For or instance, if the movable — 
_ diaphragm had been pressed into the ground and if, ‘subsequently, ¢ one weed 7 
to return it to its original place, the necessary force is not at all in proportion — 4 
with the actual pressure at the capsule point. Leo Rendulic* made use 
ds a similar method for the measurement of hydrostatic pressures that are 


developed by various principal stresses in soil cylinder samples. 


Actually, this force will be much greater than the pressure caused by my 
: ‘arching effect that may develop in the soil. If sufficient accuracy is to be -> 
zt attained, one must press the diaphragm beyond its definite : stationary —— 
Spannungszustiinde in der Umgebung eines Hohlraumes,” Leo Rendulic, Die 


— Wasserwirtschaft Vol. 27, June, July, and August, 1934; also, n Grundgesetz der “Be 
und sein Beweis,”’ aad Beutngéntour, Heft 31-32, 1937. 
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os and then release the force gradually, noting the pressure at pr oa ent 


when the initial position has been reached. 
; _ Nevertheless, even when such precautions ¢ are » taken, errors can be made 


_ by water, for instance, as the measured pressures will be always low. . If the +: li 
air compression is kept constant, the meniscus will stay at the mark, and then § ‘PP - 
expec 
the measured pressure will be the actual pressure in the soil. iT sada Seat 
4a ith such apparatus in operation, ¢ one could detect such stress variations so 


occur because after k loading the soil, its properties s will be altered locally. If, ae 
7 previous to tests, the soil behaved a as an isotropic and ee body, it t will ae 


Tests will show changes of two different types: (a) Rapid s stress vole 
a8 and (b), slow changes i in stress alterations. 
. _ The rapid variations will transform the curves (which appear continuous | 
in Fig. 13 of the paper) into saw-toothed lines with maxima and minima. . With ry 
the passage of time the difference between these maxima and minima will de- . 
crease. Be The curves in question reflect the process of re-grouping of soil par- x 
ticles. The slow the structure to 


2 
Tn testing some models of wharf retaining walls the w writer use 


such as the aforementioned to extend the research to other tests more especially “ih « B 
intended to study the form of failure curves, and to determine the conditions - a 
under which failure occurred. certain of capsules’ placed in 
the soil, more or less at random, and pend at the end of the tests could a satis a 


question ¢ are e being the writer is yet it in a a position to 


‘The original tests were performed i in a large basin, 3. 93 ft wide, 3.28 ft t deep, Lee 
and 11.5 ft long. Such a basin may be flooded or emptied, at will. A glass Hee: 
panel on one side permitted photographs to be taken which indicate, with the 2h 
profile of the quay model, the particles i in the ‘soil, oi 
Sl By fixing the photographie apparatus in a definite steady position many 
"pictures could be taken at various loading stages. By superposing such = 
tures taken at different times, one could easily trace (very approximately) the 
trajectories of movement in the soil particles as well as displacements of the _ 
wall itself; thus, the actual failure curves were derived in quite a satisfactory — 


manner. were placed i in ihe at different as the soil was 


a model. _ These movements were measured by dials with an accuracy that por cf » 


Some test results: we were recorded a test on a relativ ely 


strip of homogeneous clay, 1 10; em (3.94 in.) wide. load was as applied through 
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‘rigid plates placed end to end along the entire width of the i layer of 
fine sand, about ~ in. thick, was laid between the plates and the clay, which » . 
om ovided for through the soil immediately beneath the plates. 


ex 
¢ 


the Howl clay. The ‘capsules were fixed by seating 
them: in the soil mass. It follows, therefore, that such readings cannot yield A 

(2) To date (1937) test measurements have been n made only at, or or near, the 
* critical loads, when the p,-value (as recorded by a vertical capsule set 10 cm . 
deep and 10 cm from the plates) is practically the compressive resistance of the a ; 
¢ same clay as that measured on cylinder samples. This value would be greater 


(3) One may ¢ overload the soil beyond the critical loads: obtained by rapid 


a particular test, clay possessing a moisture content responding to the Atter- 
i berg liquid limit, offered a shearing resistance of 10 gram per sq cm (20. 4 Ib per 

sqft), F ailure under a rapid rate of loading took place under the action of a 

weight of 60 grams per sq em (122.6 lb per sq ft). Ina slow test process a load 
_ amounting to more than 120 grams per sq cm (245.3 Ib per sq ft) wi ould be Te- 
oe — 4) Although the following statement bears only a distant relation to stress" 


proaches its critical value, one detects a considerable increase in the perme 
c ability. This is accompanied by a large and almost immediate settlement 
~ under the plate and, at the same time, a settlement occurs to the right and left 
of the plate. Thus, the extent of consolidation settlement beyond the plate, q 
‘js much greater than the swelling that should have occurred as computed from 


before failure, however, one can note that instantaneous consolidation 
- is occurring to a large extent, as the uplifted volume is practically nil, although © 
the settlement under the plate is rather large; this is absolutely contrary to re- 
‘sults derived from measurements the coefficient determined i in 
F — Observ ations on the he movements of f soil surfaces show that the flow influence — 
varies with the « distance to the plate; for instance, at a distance of 3 cm (1.18 in.) 
_ the maximum settlement was noted about 150 hr after the loading was com- _ 
Feed, although at 20 em | and 30 cm (7.87 in. and 11.81 in.) such a maximum 
_ was recorded 70 hr after loading; the next sw elling to occur was stabilized 200 
hr after loading. One may conclude that the length of time necessary for flow 
~ stabilization i in clay is almost t equal to, on or longer than, the time necessary for — 
consolidation itself. Indeed, during the tests, the consolidation was not yet 


com lete as the pl t £0) 


aif 
— 
plication of the load were negative instead of positive as one would have 4 
— 
— 
{ 
a¥ — 

be 

ly 
— 
— 
: — 
— 
— 
a 


87 — on 


The: form of the curve was to Pp otting, 
-_ settlements being in proportion to logarithms of time. Thus, in this testing ? 
time, the settlements were due at once both to flowing and to consolidation — 
a processes, the effects being equal but opposite beyond the plate. — --Afteracertain — 
time had elapsed the importance of the continuous aa process eclipsed the 


_, The volume of soil raised on both | sides of the plate was then equal to t 
product of the depth of settlement by the area of the enurt In this case, again, va 
the settlement- to-time relationship was adaptable to logarithmic plotting. 
_ From the foregoing considerations, it seems that the logarithmic law, as given 4 
by Professor Buisman* for long-time settlements in eudiometric tests, would 


apply also to settlements from plastic flow. 


“a Conclusions.—Research in the United States should be directed toward an 
extension of the ideas herein described, in order to obtain true information as to 

the behavior of the soil under foundations. This would not minimize, in the 
_ jeast, the merits of Professor Krynine’s paper; but it is necessary in 1 this con- 
nection to emphasize the urgent need of an experimental verification of theoret- § 
ical results. At t present, experimental data are much less available than ne, 
retical research. seems timely to minimize the importance of the latter and 


— to strive for a rational balance with the importance of confirmatory tests. 1 pe 

_ FREDERICK J. Converse, " ‘Assoc. M. Am. Soc. C. E. (by letter) —The 

“ ‘method, described by Professor Krynine, for obtaining the pressure of any 


Lop within the soil below a loaded area, contains three important views ; 


first place, recognition of the fact that the soil: cannot always be considered as 
q an elastic isotropic medium is giv en by the use of such formulas as Equations “ 


= and (9), containing the “concentration factor,” ’n. Secondly, the method 2 


"single spread footings and for groups of foundations. ee 
_ The work involved in the graphical solu tion presented by the: author may be © 
shortened somewhat by the following procedure: Consider a unit pressure 4 ; 
be applied at Point 0’, Fig. 2, and construct contours of equal vertical pressure “ag 
; in the soil below Point 0’, using Equation (8) with. p dA equal to unity. © Move 
the “transformed area, T” N, vertically downward until the horizontal 
passes through Point O, as shown in: Fig. 21. The = 
of the unit pressure, indicated by the peaitton ef Point 7” on n the iso- ‘pressure 
chart, multiplied by the height, 7” T”, gives the vertical component of the 


eo: at Point O due to a concentrated load, 7’ T”’, at the surface. This 


may be plotted vertically above Point T’ and represents a point on the ‘ “pressure: 


curve” (see Fig. 22). Its value corresponds to: of yin in 2, multiplied 


_ 
Ina ‘similar manner, other on “pressure curve” may 


4 “ Results of Long Duration Settlement Tests,” by A. S. Keverling Buisman, Pro- 
ceedings, International Conference on Soil Mechanics and Foundation Engineering, Vol. a 


AL “ Asst. Prof. of Civ. Eng., , California Inst. of Technology 


— 
— 
| 
| 
— q 
— 
| 
— 
| 
| 
{ 
— 
— 
the third place. the method can be used with edual faci 
4 
| 
| 
| 
q 
— 
| 
— 
> 
7 ’ 


CONVERSE ON PRESSURES BENEATH A SPREAD FOUNDATION 
7 


P=1 


Fic, 21.—Iso-Pressure Lines oF VERTICAL COMPONENT 
TO A CONCENTRATED UNIT LOAD aT THE SURFACE 
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Horizontal Radial Distance r, in Inches 
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abana it is only necessary to draw the transformed area on transperat 
paper and place it over the chart at the ‘desired position, using the same = 
for depth that was used in the ee this manner the pressure curve +a 
- be readily constructed at any depth, o area 3 
obtained. several iso-pressure charts are ‘available, each representing 
‘different value of n in Equation (8), the engineer may exercise his aa in 
choosing 1 the proper chart to fit the particular soil conditions. a Rig 2 4 
‘- Still more time may be , saved if the data are ‘presented i in sabeteina form 
without drawing the ‘ ‘transformed area” and the curve,” 


ie fact, ev en the circles used by the dita to establish points on the “trans i 


formed area” ” need not actually be drawn if a transparent polar on 


plan at the point ‘ew which the pressure is desired, the concentric circles “a . 
_ divide the footing ar areas into zones, and the number of degrees o of are swept by 
zone may be read from the chart. It is not even necessary to redraw the 
foundation pany if it is drawn to scale. < Blue- prints may be used if the sii 


|= 
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tical pressure at Pomt OG. 
= gives the total vertical pressu 
— 
a 
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hical constructions are entirely 
k involved when the graphical constructions 


_ 
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“The plan. show! n in Fig. 6 was used without redrawing, “the scale being con 


sidered at 80 ft per in. Table 3 shows all the calculations for Pressure y at 
Point X at depths of 100 ft and 320 ft. The iso-pressure chart used was c 
structed from Equation (8) with n = 3. Itisshownin Fig.21. _ 


te. (Scale, lin. = 80 ft.; ; Formula, 


| Unit 
Unit pres- 
pres- | sure, in 
sure | tons per 


Zoe 
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There i is an important advantage i in being able to use an independent iso- 
pressure chart, aside from the simplification of calculations. At present, . 
Boussinesq’ formula, ¢ as s modified by the “ factor,” gives the best 
o pressure distribution in soils. ‘If the soil is stratified 
- within the pressure range, still further modifications must be made. The iso- _ 
Be pressure chart may be modified to suit the particular conditions of the site, — 
and | to take advantage of advancing know ledge « of stress without 
affecting the foregoing method of analysis in any manner. q 


‘ P. Krynine,” M. Am. Soc. C. E. (by letter) —The discussion of this 
paper has brought to the attention of the profession several important ideas’ 
and has permitted the ie elucidation of several, obscure facts in a ‘more or less" 

Difference Between the and Frohlich Distribution, _—The 
; writer always has been of the opinion that there is no strain at a certain dis- 

- tance from the loaded area; and this opinion, although contrary to that held 


by most ¢ engineers is in accordance with that of meanagenn who states - 


. &*** besides it is : evident that the e sections 0 of the body located at infinity, 
or rather beyond a certain distance from the loaded portion [contact area] keep ae 


Om “Research Associate in Soil Mechanics, Dept. of Civ. Eng., Yale Univ., New Haven, 
pn, 
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tance, according to 
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viously, t this statement should F 
- Boussinesq visualizes the semi-infinite body as a hemisphere of a radius, > 
- tending toward infinity; but he states s categorically that his analysis does not _ 
apply to the total loading of the horizontal plane bounding this body from 
 above,® since in this case the settlement is infinite. To make this fact clearer, 
_ it should be remembered that according to a _ general belief the settlement of a 
eae rigid or non-rigid circular disk, as measured at its center, is proportional | 


to its diameter. the body upon which rere is placed i is assumed 


-Boussinesq as by himself; and this to an opinion 
that there should be a certain limit of loaded area to w hich this analysis (par- 


‘ticularly the ‘method of superposition) may be applied . Furthermore, accord. 


: .. consideration must be small. In using the principle of superposition i in the case case 
of i larger areas, this fundamental condition i is not satisfied. a In other wae 


periments some field 0 servations prove this statement, 


é 


738.4% 


“Fie. ‘Fig, 24.-—LoapING EXPERIMENT aT East HartTrorD, CONN. 


SHOW MOISTURE CONTENT AFTER 


ns 
When the Boussinesq formula is applied (see Fig. 23), it is assumed that — 
the “disturbed : zone” has no influence on the value of the stresses at — oa 


all the stresses that radiate rather: vertically (as a at Points C; and 

- and to decrease those that radiate rather horizontally (see Fig. 23). Pressures. ir’ 
at Point O are re added by superposition. 

at Beyond question, the Boussinesq formula is the only scientific tool to use e 4 
r for computing stress distribution within a mass. Other formulas proposed ar are 

_ simply practical corrections of the Boussinesq f formula which, however, does — 

not fit small-scale loading on sands. The Fréhlich-Griffith formula 


Loe. cit., P. 191, Lines 11-21. 
eat) 
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_ If a part of the horizontal surface of an earth mass is loaded, earth 
— ey. = 
al 
— oof 
dis 
a 
2 
— 


re, 


= 


Fs, the aati but there are objections against its s application to 
larger areas. . These objections, revealed in the discussion, are re examined 
Formation of a “Disturbed Zone.’ ‘ “disturbed zone” possesses physical 
properties that are different from the earth mass. It is a kind of pedestal for 
the structure and moves down with it during the entire settlement period. 
Professor Hennes states that the “disturbed zone” ’ needs more investigation. 
‘The writer welcomes this statement and believes, in addition, that this study 
should follow a certain order, beginning, for instance, with the observations of 
i at the base of full-sized structures as formulated i in one of the writer’ 5 
conclusions. It is generally assumed that the basic cause of the formation of 
“disturbed zone,”’ in ‘in dry cohesionless sands, is the lateral escape of particles. 
The edges thus become unloaded and the central | part stressed. r This is -_ 
& expressed by Professor Tschebotareff in his able discussion. Sometimes 
itis believed that in certain cases there is no “disturbed zone” at all. For 
ows ‘Mr. Hrennikoff thinks that such is the case when the foundation bed 
; is situated between the levels of capillary and gravitational water; and, gen- 
erally, that the formation of the ‘‘disturbed zone”’ is due to mutual arms of oh 
y To these two causes of the formation of a “disturbed zone” * (lateral escape and 
mutual sliding) the writer wishes to add “packing in” of the particles if there is a 
"more or less considerable settlement and if the structure is wide. It is obvious 
iw if a foundation is 200 ft wide, particles at the center will not travel 100 ft — 
_ ineither direction to escape at the edges. They will stay where they are and ~ 
will tend to penetrate dow nward, forming the “disturbed zone.” The phe- 
| omenon of “packing in” may be observed even in the case of small loaded 
_ ‘afeas as may be seen from the following field experiments made by the writer. _ 
stil A wooden platform, 4 ft by 1 ft in size, was loaded uniformly with 12 tons tons 7 
op pig iron that remained on the: pmo for m more than two weeks. sf The ex- ex- 


could be considered plane, revealed a clear- -cut, “dis- 
turbed zone”’ (Fig. 24). Thin natural sand layers of a color different from the 
_ remainder of the mass were bent (but not broken) by the action of the load, 
and from their shape it could be concluded that the “disturbed zone” was 

formed by the packing in of soil particles from beneath the loaded platform. — : 
. was also some bulging around the load. _ Another experiment in Strat- ve 

ae Conn.,* was made at the bottom of a rectang 

the soil being fine sand with the water-table 1 ft iahen the bottom of the exca- 7 
vation. Two posts, A and. B (Fig. 25), 8q fti in cross- “section, were loaded to 


~ Post A was simply placed on a sand surface, whereas previous to inne Post B, : 
the corresponding 1 sq ft area was enclosed in a a coffer-dam of 1}-in. boards 
‘driven 3 ft deep. The earth from this coffer-dam was not excavated. There 
arount Post A, the entire area Post B — 
Annual Rept., Soc. of Civ. be 1934, 70-81, 
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‘Sines i in the latter case t there was no bulging, no the 
~ particles e escaping laterally, it was concluded that the entire volume of soil cor- 
ag responding to the settlement sank until it was packed both into the coffer-dam 2 


and into the “disturbed zone” in the same manner as in the East Hartford ex- é 


‘The writer believes, furthermore, that in the case se of a wide s structure the — 

| “Aiateanbed zone” is not geometrically similar to that under a smaller model, 

Other opinions as to the formation of a “disturbed zone” below a rigid loading _ & 
plate, are: (a) Fréhlich’s “plastic” zone ® with an elastic nucleus inside (Fig. 
26) which, in the belief of the writer, may occur as an exception only when 


1 Sq Ft ee } 


“hates 


Fic. 25.—LOADING EXPERIMENT AT 26. FORMATION OF A 


oP 
7% 


- 


mechanical ‘model. of the “disturbed zone ‘composed of grains 


increasing | load reaches 2 
Sina metallic plate which i is formed when a rigid is s applied 
to the plate and is revealed upon heating and re-crystallization (Fig. 27(6)). 
_ A “disturbed zone” under a rigid tool, working i in metal, has been reported on + 
several occasions. “a It follows that the m main cause of the formation of a “dis- Ro 
 turbed zone” is not the lateral escape of particles (which is merely a possiblity, 
but rather “packing in” as mentioned previously. 
t Concentration Factor —This item appears in almost every discussion. It is 
mentioned by Dr. Fréhlich , who is the original author of this theory. Mr. 
Taylor rightly states that t the free use of the “concentration factor” is permitted 


_ writer wishes that such sound judgment might also be the guiding orinttill 3 
applying the Boussinesq formula. “Under the footing,” states Mr. Taylor, 
‘progressing from the edge to the center, this factor will decrease from point a 
to point and also it will decrease with increasing depth. Thus, the con- 
_ centration factor at different points for the given case may vary as much as 


a from 8 to 4 meNs ” Mr. Feld indicates that the broad application of Equations ¥ 


Vie 


a (1) and (6) containing the “concentration factor’ is possibly open to ct 


Druckverteilung im Baugrunde,” p. 76 (1984), 
“ Theorie der Setzungen von Tonschichten,” you Charles M. An. Soe. c. EB, 
and O. K. Fréhlich, p. 18, Fig. 8 (1936). 

12 ( (98), 


Plasticity,” by A. Nidai, p. 249, Fig. 
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KRYNINE ON FOUNDATION 
Tschebotar eff the matter in a very comprehensive manner 
and comes to the conclusion that a “concentration factor” changes in value Re 
a the distance from the center to the foundation toward its edges. At a 


a certain depth of foundation beneath the soil surface the resistance to the lateral 


_ yielding would become so great that a sand would behave like a solid material 
“with a “concentration factor,” » = 3. Mr. Hrennikoff states: “It seems im- ; 
it that the same value of n should properly describe the state of “stress i 
-_ near the foundation where the soil is disturbed and outside the zone of 2 
” Professor Hennes expresses an analogous opinion stating that 
difficult: to understand how the “concentration factor” 1 be made to ‘cover 
situation which arises in the “disturbed zone.” 


Stresses at the Base 


‘Fic. 27.—DISTURBED ZONB: il) Fic. 28.—APPLICATION OF SAINT VENANT’S PRINCIPLE TO 
(a) TERZAGHI; (bo) de COMPUTATION OF STRESSES IN AN Mass” 


The writer wishes to make it clear that he never intended to suggest that 
stresses within the “disturbed zone” could be computed using Fréhlich’s 
formulas. It is impossible to do so since these formulas have been designed for © 
homogeneous and isotropic bodies as carefully specified in the paper, and the 
“disturbed zone’ represents nothing but a foreign body within a relatively 
homogeneous and isotropie mass. As a rule, stresses never are computed close 
i. to sections where forces are applied. In textbooks on elasticity, points of appli- 
ation of forces are re generally circled to show that at that section there is a zone 
Bs. that does not obey the formulas developed. In an analogous manner the 


~ leaves a blank po close to the ground surface when tracing a pattern of 


56 
Am. Soc. C. E., May, 1933, pp. 782-783. 
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ON PRESSU RES BE N 


_ As to the value of the “concentration factor” which \ changes from ee 

edge of a foundation to 4 at its s center, the writer would be’ very willing to exam-— 

ine this statement if he knew precisely what the center of a foundation is %.. Ae ge 

clarify this idea, consider Point X in Fig. 6. It practically coincides with the 


centroid of the plan of the structure; and the vertical pressure under this point, 4 
if computed according to the Boussinesq formula, is greater than under any a 
other point of of the structure. Hence, Point X is the center of the foundation — ie: 


shown in 1 Fig. 6; on the other hand, it is located at the very y edge. Is the “con- 
centration factor” at that point a maximum ora minimum? 


__ Undoubtedly, there is an “edge action” or “edge disturbance” along the 7 
perimeter of a round foundation; and this is shown by cu curves in Fig. 11() eS 
and 11(d). x Owing to the phenomenon of “packing in,” it is also very probable —‘| 
that there is stress concentration at the middle of such a foundation and Fig. 10 | a 
was prepared to show this phenomenon. may be seen therefrom that the 
value of the “concentration factor” at the 1 middle of a round experimental plate — 

was more than 6 and not 4 4, Fig. 10 shows also that the “concentration factor” ee 
decreases with the depth. The writer was the first to establish this 
_ general opinion concerning the “ concentration factor” was published in 1936, 
as follows: ‘The physical nature of this new conception is not very clear as ag 
‘yet; and perhaps this is simply a (temporary tool which will be put aside when _ , 

the theory has advanced in this | province.’ > In this | paper the writer recom- 0: 
-mends field research as the only way to solve this problem. Apparently, mere dt 
speculation n or mathematical formulas are of no help in in clarifying the bases of a 
In designing the‘ ‘reduced area method the writer avoided recom- 


nation to the eventual field as s stipulated in the 

two values of the “concentration factor” given at the beginning of the paper bi 

have been secered § in small-scale experiments | and cannot be used in practice. 

field research shows that variable values the “concentration 
should be used in computations (and this is not certain as yet) the “reduced area ue 
_—* 1” will still hold. Mr. Feld rightly remarks that the graphical method a 
described must be repeated for each point at which the know ledge of the stress yak 

is desired. It is equally easy to apply the method in question to different 
points either using the same value of the ‘ ‘concentration factor’ or changing a 


fi from point to point. In. any event, a single value of the “concentration factor” 

___ will suffice for onl areas; and it should be noted,that curves in Fig. 9, to 

_. which Mr. Taylor objects, have been traced for thiscase. oe 
Summary. —It i is premature to argue about the law that governs the distri- o y 


bution of the ‘ ‘concentration factor” around the base of a structure before the . : 3 mM 
corresponding field research is done. Even the incomplete field evidence at the 
_ disposal of the . writer does nc not agree in any respect with the ‘speculations ad ad- a ie q 

ao Test of Frohlich’s Formulas by Saint Venant’s Prinetple.— —Stresses and strains ae 0 


may be distributed arbitrarily within the disturbed zone without influencing the 


Transactions, Am. Soc. C. E., Vol. 101 (1936), p. 1089. 
Proceedings, International Conference Soil Mechanics, Vol. 3, p. 74 (Paper B-15). 
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‘NINE ON PRESSURES BENEATH A SPREAD FOUNDATION 88 
we general trend of stress. distribution i in deeper strata which always shows « over- 3 
fs loading close to the eeppers if the foundation i is uniformly loaded and sound or 
q : ata point remote efron the loaded part at the surface of a body are punctieally the 
a. same as if that part were replaced by a statically equivalent system. Therefore, 
3 in all cases of loading, the pressure distribution curve tends to have its major 


- ordinate close to the direction of the resultant of forces acting at the given loaded — 
grea although stresses at the base of the structure or close to it may be thrown ye 
a toward the edges (see Fig. 28). Upon application of the principle of superposi- 
tion to a uniformly loaded circular disk both the Boussinesq and Fréhlich 
ve formulas give satisfactory results; namely, in both cases stresses are concen- a 2 
ae trated under the center of the disk as they should be according to Saint Venant’s 
aa principle. This means that in both cases the principle of superposition holds, 
Principle of Superposition. —It has been already shown that, apparently, the 
Ceo of superposition always involves an approximation, and the discus- 


ck sion which follows is a proof of this statement. _ Generally, the problem of super- 
position as applied to soils is not new. Its origin may be traced to the work of a 
Bastian, about 1906. Kogler and Scheidig * discussed the problem of super- 
= position in soils and came to the conclusion that it applies approximately. In 
_ numerous “loading experiments” made in the past fifty years, the principle of © 
was used freely. The test procedure was to: (1) Meacure the 
3 pressures caused by the unloaded earth (mostly sand) at the bottom of the a - 
x experimental box (Reading A); (2) measure the pressures caused by both the _ 


the p pressure caused by the load alone. It is obvious that this subtrac- 
is the application of the principle of superposition in an implicit form. ‘i 


been introduced in the discussion by Professor Tschebotareff. However, il 

results of Faber’s tests check with others, quantitatively at least. _ me, the am 
experiments show that small disks settle practically proportionally to the — 
square root of their areas; or (which is the same), proportionally to their diam- -_— 
eters. This rule cannot be applied, however, in comparing contact settlements 
obtained in small loading tests with those observed under actual structures. — ' 
large structure settles less than it should according to that rule; and, in 


_ -writer’s opinion, application of the principle of superposition to any earth men 

. - furnishes stress excess at some points of the foundation. The writer greatly ap- _ 
9 -preciates the able discussion of the principle of superposition by Mr. Hrennikoff. 


- Especially fascinating is his statement that the principle of superposition does 
: _ hot hold in the case of earth disturbance, because the See of the disturbed 
= 

mone is not the same for the three loads: Loading 1, Loading 2, and onl 
+ Loading 2. This very potent argument, appears ‘te contradict 


_Fréhlich’s theory of “concentration factor,” in reality proves that the > principle z 
oe superposition never holds, except perhaps for very light loadings. This is 


— 


because the disturbed zone is being formed in 1 all cases of heavy loadings, in- 
cluding the case of metals (see Fig. 24 and Fig. 


“Organ fiir die Fortschritte des Eisenbahnwesens,” 1906, 
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The by Fr Frohlich and all others (including the writer) who 
have written about the “concentration factor” was the lack of a clear-cut state. _ 


ment that the use of the principle of superposition in this case (as i in others, a 


Principal Stresses: Coulomb Formula.—At a greater depth, soil particles — 
- are compressed by the | action of principal stresses; no shear pa amg is possible 
there except small movements and changes in the shape of individual grains, eS: 
‘Hence, Mr. -Middlebrooks’ question, as to whether the major principal 
or the vertical p pressure is to be taken into consideration in computing consolida- z 5; 
; - tion, is to be answered in favor of the action of the major principal stress; 


a produce a a more or less considerable effect. . A doubt as to | why vertical a 
gures are used instead of principal stresses in computing is 


that principal stresses are are to be compe computed from the combined action of the 
_ weight of the earth mass and the given load; and this furnishes lines of major __ 
principal stresses which at greater depths possess almost vertical tangents so — # 
that the actual error in replacing the major principal stress with the vertical a 
; 4 pressure may be insignificant in many cases. The action of the minor principal % 
Some explanations as to Equation (35) should be included under this ¢: cap- 
‘a 4 tion. This formula states the ‘‘condition of plasticity” of a granular mass 
expressing the least ratio of principal stress as a function of the angle of friction. — 
Without arguing about the angle of friction (which, after all, is indefinable), ‘ 
suppose that @ is the correct value of the angle of friction at a given point 
located at a great depth and that Equation (35) is not satisfied. Then, ac- toe 
 eording to Mr. Hrennikoff, a very small sliding should occur; but this sliding 
would not modify the principal stresses, s; and $2, at the given point since they _ 
_ depend only on the value of the given load and its position. Hence, the situa 
_ tion still remains the same, and the sliding should continue indefinitely. What 
; happens i in reality is not so much the mutual slip of particles, as the change i in ¢' mn 
_ shape of individual grains due to the shearing stress developed in each of — a 
considered asa separate | to the Coulomb formula | (Equation (34)) 


of Fig. 17—Mr. Taylor is to be commended for preparing Fig. 
which conveys a number of useful ideas. At the top, Fig. 17(a) shows that there une 
is no continuity of strains at the upper layers of a sand mass loaded with a z' 
_non-rigid load . The break at the edges of the loaded area indicates that a 
isn not yet a body in 1 the sense used in mechanics, but merely an agglomeration — =a 
of particles. The upward movement shown in the sketch is simply a dynamic 
» 4 process, or movement of particles which have not been deprived of all degrees of — 
freedom as in a body. Hence, such terms as ‘“‘modulus of elasticity” or “modu- 


lus of deformation” cannot be applied to the upper strata of a sand mass such | — 
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ast that in Fig. 17(a). 
The stress distribution at the bottom of Fig. 17(a) is that which the writer ‘ 
oY - obtained by using Saint Venant’s principle. The most ardent defender of the 
validity of the principle of superposition in sands would not be able to prepare — 
more convincing sketch than Fig. 17(a). The remainder of 17 contains 
Stresses in a 
“td structure ar are e always influenced by this settlement, wibaiaeeny’ or not it is i 
even. - Investigators in soil mechanics must correct their views on the given 
subject to accord with this valuable statement by Mr. Taylor. 
Small Strains; Stress-Strain Compatibility. —Admittedly, the theory the 
semi- -infinite elastically isotropic body is based on the assumption that strains 
are very § small, as already stated at the beginning of this discussion. In turn, _ - 
stresses may bev very great and even infinite, as at the edges of an n absolutely 7 
rigid plate (Equation (16)), provided, however, that the corresponding strains | a il 
ome kept b below a reasonable limit and are continuous. Apparently, the latter Pa 
conditions are not satisfied in papers on mechanics 6, mentioned by 


La 


| Bs 7" example of the lack of stress-strain compatibility is given in n Fig. 2 = 
i which, for the sake of simplicity, is treated as a plane problem. The aie is 


stress distribution does not depend on the elastic constants of the material; 
Foy the stress at Point M is the same whether the earth mass is of sand or cll 


— 


ina that separates sand clay (Fig. 29(c)). “Since the elastic constants 
of these two materials are different, there should be two different displacements, 
¢. C, and C,, at Point M. Since in Teality there is only one displacement, this 
4 means that there should be some stress ress re-arrangement at the plane in question. 
‘This circumstance may be of special interest to Messrs. Middlebrooks and 


| ‘Buisson who are working on the stress determination at a surface oe 


- poses to sub- divide the loaded area and to apply equivalent | loads at the aie # 
of gravity of each sub-division. Apparently, this method may indicate some 
excess in pressure if the point where Pressure p, is determined is not far from 
_ the vertical line passing through the center of gravity of the uniformly loaded 
foundation. | Such i is the case of the example in Fig. 6, in which the difference _ 
in values computed by Mr. and by writer is about 14% taking =. 
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_ writer’s value as 100. If the point where p, is to be determined, is outsidethe | 
foundation, Mr. Feld’s results may be smaller than those of the writer, although — oe y 
difference m: may be practically negligible. For the sake of simplicity, the 
_ latter statement will be proved for the case of a uniformly loaded strip of oe 
length, a, situated at the boundary of an elastically isotropic body (n = 3, ie 3 
m= 2). Assume that the radius vector to the equivalent line load, j = p + 
(Fig. 30), makes an angle, Oo, with the vertical. Using Equation (33) by Mr. 


Feld, substituting a = making to of the strip 


Multiplying and dividing the 1 right ite of Equation* (40) by a: 


the of the area, da cost a (corresponding to the loaded part, M 
4 (see Fig. 30). The vertical passing through this centroid may not pass pace a 
the middle of the loaded part, M N, ever. 


Bpreerat: pressures at Point O, if the line load, 9, passes through the centroid of re 
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of maximum shearing stress. Ina personal conversation with 
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3 dw fle), (in which dw is an element of area ina f(a), a trigonometric function), 

jsa simple operation if the given area, w, is sub- divided into circular rings, and 

; these Tings are represented as ‘“‘transformed areas,” in the manner described in | 
paper An example i is given by Mr. ‘Eremin. min. ‘Since the 


4 
in which ce is a constant t to be determined by Equation (39). ‘The pained 
sin cos! may be obtained graphically from the integral, 2 dA a, 


os multiplying each ordinate of the curve which bounds the area expressing the — 


latter the variable, tan a; thus: tot Laban 


Professor Converse proposes an interesting writer’s 
reduced area method. ” Instead of drawing the “reduced area,” Professor 
Converse draws a “pressure curve” (which, after all, is the area, all 
ordinates of which are multiplied with the coefficient, =—, }. The possibility 
complete elimination of graphical construction also merits attention. 
_ Simplifications of the “reduced area method” are always welcome because this _ _ 
- method may be applied not only for determining vertical pressures in an earth - i 
mass, but also for solving s several other problems : of mechanics. Mr. Buisson’ Ss a 4 
- remark that the method of graphical integration has been known for years is a 
true, of course; ; but the principal feature of f the e writer’ 8 method consists not in 
the spelication of the graphical integration as such, but in its combination oh 


with the transformation of the loaded area, and this considerably simplifies aay 
| 


4 
Pailure Lines. :—The writer has been much interested in Mr. Buisson’s 


studies of “failure lines” which | according to his "statement are close to the ha 


the writer, Hardy Cross, M. Am. Soe. C. . E., expressed the following 7 
ide idea: Since the ‘shearing stress and the ‘Shearing value of the earth material pi 
; are not constant along such a ‘trajectory, equilibrium will be broken first 
at some part of the theoretical “failure line.” ‘Then, this part of the “failure = 


¢ line” will be “out of service,” and the body t nil consideration w will therefore 


- that the stress ¢ condition at this surface was not the same as s determined ed by — 
theory, exa exactly as Professor | Cross states. 
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be along a line or surface which may well: be 
rc i original line. In about 1922 the writer visited a locality in Russia where a eee 
ny landslides had occurred, and was shown a mass of land about 
previously many landsli ‘ banc: 
bye’. e ohvions 
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adit in soils, which may be compared to an explosion; and shear occurs along — 


oad,” fails. In this case particles move plastically along ¢ certain trajectories 


| 


‘See questions a arise in othe light of these: statements: (a) Why are + eee 
lines,” ’ as observed in model experiments, more or less close to the trajectories — 
maximum shearing stress? and (b) do small scale models truly represent “fail- 
ure lines” in an actual case? These questions will be answered simultaneously, = a 
_ It should be noticed that “failure lines,” ‘‘slip lines,’ ’ or “Liiders’ lines” 
as observed in the case of metals also “have a shape similar to the = 


stress trajectories in the most highly | stressed portion under concentrated 


load.* How exact this is, has not yet been investigated.”" 


In hn writer’s s opinion a quick apeliention of an ‘excessive load to a small ons = 


causes instantaneous failure in the “highly stressed portion,” both in metals _ .: on 


_ Apparently, this model action has no analogy in building practice since cases 
Be .: quick loading (without impact) are exceedingly rare. Another type of 
slow changes in ‘loading. 

mass and and, finally, under a “critical 


trajectories of maximum shearing stress, which offer least resistance, 


__ What happens in reality is that a building of a constant (and not variable) — 
weight begins to tip and after a certain interval of time (in some cases 24 hr), 

stops. There is no doubt that this is is ‘shear action consisting of both asepara- 

tion of a part of the mass from its remainder, and plastic flow. Small models 


as described in the discussion do not — such failures; and, nye vig 


of soils. For they show clearly the influence of 
consolidation on the shearing value, or the fact that a soil at the liquid limit 4 
still may possess a shearing value. _ The method of recording the path vot 
: particles | by y taking successiv e e pictures and superposing them is very interesting. _ 

_ W.S. Housel, Assoc. M. Am. Soc. C. E., applied a similar method ibe 


the movement of particles by a time- exposure photograph. 
Other Remarks.—Some of the discussions of this paper are veritable contri- 
butions to the field | of soil mechanics, , and 1 only a few items w will be mentioned 
in addition to those the writer has already discussed. Professor Tschebotareff 
_ gives a comprehensive discussion of the influence of some geological factors he 


4 the design of structures, makes additions to the list of esearch 


3 “statistical” approach to questions of settlement. _ The writer believes that — 


similar methods may be adequate in spreading popu popular knowledge of ol 


mechanies after corresponding items have been studied formally. __ 


Plasticity,” A. Nidai, p. 251 (1931). 
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Discussion BY Messrs. ‘XN. H. Heck, Mason A. Srone, H. ©. BoarpMan, 


P. ax AND Dean Ss. AND Ruce ave. 


‘The problem of building elevated tank structures that are 
resistant is is considered i in ‘detail ; ; and a “new type” of construction, 
_ embodying increased flexibility combined with snubbing action, is suggested 


a practical solution. Extensive model studies, directed toward obtaining 
‘engineering data for design purposes, are described and the results summa- 
writer concludes that the commonly Statical method of 
design against earthquakes applied safely to elevated tank 
structures, and that the suggested new type of construction has ‘a safety . 
factor in stress of at least 2 over the standard type of tow tower. Experiments 
which reproductions of actual ‘motions were applied to ‘a model 


tank and contents. Rules are given for structures: 


pe _ of the new type suggested, and reasonable limits of applicability are set. 


Purpose of -Paper.—Consideration of the large number of failures and 
near failures of elevated water-tanks during the earthquake of March 10, — 
1933, at Long Beach, Calif., has led to serious: study” of the earthquake 
‘Tesistance of these structures by many "engineers. The importance nce of the 
problem is already 80 well known as to “require but passing comment. The 
‘actual money value of the structures is in itself not so very important; e 
it is in connection with the fire, ‘life, and health hazards generally accom- a 
‘panying earthquakes that the effective value of a water supply system 


 inereases out of all proportion to its actual cost. 
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ELEVATED W ATER-TANKS 


very important class of elevated t structures is that comprising 
supply systems for industrial plants and for many 
other buildings of moderate height. . Elevated sprinkler nae 
ne in capacity from 50 000 gal to 150 000 gal and in height from 75 ft 
to 150 ft. This paper is largely concerned with structures that vary within 


these | ranges of size, but more specifically with independent tank» 


— 
of all-steel construction. — Some of the results, however, obviously apply also : 


to structures of reinforced concrete, , wood, or mixed | construction. te 


The pr purpose of this paper ‘is present the ‘principal results 
extended series of model studies which were directed toward: (1) The a 


, determination of the stresses produced i in elevated water-tank structures by 


earthquake ‘motions; (2) the determination of the effect of strengthening oh 
the structures by present methods of statical design; and (3) the investiga- me bs 2 . 

tion of a new type of tower design which was developed in the course of 
research. the experiments described herein were restricted to a small 4 a 

part of a a very large” important field will be obvious 8 to the reader. ig 


tent engineers can desig buildin of six or ei ht to resist 


moderate earthquakes | with considerable confidence, the "design of a water- 
a tank tower should present no difficulty, since it is a much simpler structure = 
of a mass far inferior to that of a building. ‘This kind of reasoning, 
- unfortunately, i is the result of a misconception to the effect that a Telatively 

j _ Timber, top- -heavy structure such as an elevated tank will behave ar. 
like a low, rigid building. Indeed, the practical treatment ‘of earthquake 

7 resistant design | from the standpoint of dynamics has been, for the most _ 
part, of a very superficial nature in the past. The tendency has been ~e : 


simplify the design on the basis of 


First, ‘it is important to realize that earthquakes manifest themselves as ee 
inexorable motions, rather than as “forces. “The expression, ‘ “earthquake 
force” has become so widely used engineers conceive of the 
problem of quake-proof design as one of simple, stress analysis in which 
the “forces” are determined definitely by the violence of the earthquake alone. e 

The “forces” produced by the earthquake motion depend primarily upon the - 
characteristics of the structure suffering the motion. _ Various frequencies, ae 
or periods, are associated with the inexorable motions of an earthquake, ‘a 
and, although | the actual ‘motions may be highly irregular, certain periods — ' 


or six times that of ‘the. structure, then it is possible, 
accuracy , to compute the stresses in the structure on the basis of the ae 
accelerations of - the ground | motion. In this case, the forces acting upon a 
the structure are taken as the product of the various masses and the ground 


ia 
ctures 
acceleration. This simple rule, be extended to 
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Nature of the Problem.—At first glance, the design of an 
resistant elevated water-tank seems to be a simple engineering problem. It_ 
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“ELEVATED WATER- ATER-TANKS 


it is backed by a grasp of the of 

type of tower now in common use ‘was not developed for earth- 
quake resistance, but merely to fulfill the purpose of elevating the water 


-~ on a } structure ) which has to resist a certain n intensity of wind — 


there ig no reason to accept ‘the ideal ‘structure for 
earthquake motions, which actual experience and repeated laboratory — 


of a gravity at. the top: of an elastic vertical 
frame work (see except that the water action the tank is 


effect upon the defections in a tank tower of moderate size, 
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ELEVATION {c) FOUNDATION LAYOUT 
OF Fie, DESIGN oF PROTOTYPE 
oe It is to be noticed in Fig. 1 that a compound pendulum (not a pow . 
pendulum) represents the water and the tank. This feature corresponds to j 
the restraining action of the tank walls upon the water ‘mass which forces 4 
4 Part of the water to move with the tank as it vibrates. A simple pendulum 
> would correspond approximately to a shallow, saucer-shaped tank of water, i, 


in which there i is little restraint on the lateral ‘ntlen of the contents, 


a 


guch as elevated water-ta: re natural periods within 
the range of the periods associated with major earthquakes. Here, it is 
ail 
— 
— 
mathematical analysis because OF the Complications introduced Dy the > & 
— 
—— 
a 


ter- 
tanks can be solved mathematically in a qualitative way only, not Jeu t 
the mathematical Process is unknown, but because of the tremendous work 
involved in obtaining results of practical value to engineers. 
have attempted to calculate the effects of irregular transient disturbances on : 
vibrating systems will recognize at once the advantages of the experimental F 
approach to the earthquake problem. The model method, to be sure, is not _ 
- the only practical way to avoid mathematical difficulties, but, at Present, _ ae 
appears be the most convenient one. The greatest advantage of the 
- model method lies i in its directness, with the : attendant simplicity in ar. 
tation of results, 8 8 » ledion 
ar hit It will be seen that a a system is involved which is dynamically complex in ss 
i itself; it is subjected to ground motions of a transient and complex nature. _ 
The problem is to « obtain information which significance in 


cise. That there can be a. tremendous ‘iene between precision and true “f 
7. quantitativeness | is a fact easily overlooked in research. Thus, the “Tesults 
obtained in 1 the simple harmonic motion studies can be 

_ regarded as reasonably precise, but from the engineering standpoint their 3 

quantitative aspect is rather poor, , because they do not directly represent 
the conditions ‘set up by actual On the other hand, the results 
7 of the recorded earthquake-motion tests, although probably less precise, are : 


two main (1) Tests of a 1: 46.5 seale using simple 
motion to simulate earthquake e motion; ; and (2) tests of a 1:25 scale model, ie 
_ using the horizontal ground-motion components recorded during the Long 
4 Beach earthquake of March 10, 1933. _ In each part, the same model was 
= made to ‘represent both the standard type “of and the ne type 
Each of the two parts is so distinetly different in technique from the 
sa other that each will be treated separately in this paper for the. sake of a 
: 1 al The scope of the research was limited to one particular class of tanks — 
a and to one particular recorded earthquake motion in addition to the ink 


- erations of economy; the second by the fact that only one complete record — 


of a violent earthquake existed at the time the research was conducted. It M 
will be evident, however, that the results are not so narrowly ‘restricted in me. 


application as might at first appear to be the ease. 


a harmonic motion ‘studies. . The first restriction was necessitated by consid- ; 


PART I- EXPERIMENTS IN SIMPLE HARMONIC ‘MOTION 


000- gal hemi- spherical ‘tank on a 100- ft was ‘as the 
first of about 33 miles from the epicenter of 
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ELEVATED _WATER-TANKS 


s from the 


point ‘the ‘motion in this research w: 
bracing rods in the top panel were 
s broken during the earthquake. The general design of this structure .* 
is n in Fi ig. The results obtained therefrom, although probably 
typical of a fairly wide variety of elevated tanks, cannot be applied 
indiscriminately to other designs. However, they do point to certain 
general important conclusions as to the inadequacy of present design 
‘The behavior of a water-tank supported on steel tower is controlled 
by two kinds of physical forces: (1) Gravity (or weight) forces, which 
affect the motion of the water within the tank; and (2) elastic forces pro- 
duced by the tower, which affect the motion of the tank as a whole. These 
two kinds of forces interact in a complex. manner when the tower is sub-— 
jected motions. in constructing a model of such a hel 
system, n these two 
physical in 1 the as s exists in prototype if true similarity is 
“to be attained; that is, gravity forces and elastic forces must be scaled down 
% the same proportion. This condition precludes the - possibility of using a 


oy simple geometrically scaled model. It becomes necessary to adopt a com- 
mon artifice of model technique—seale distortion—to preserve similarity. 
This may be accomplished by using. ‘different scales for the tower and the 
tank ; but there is a simpler and more practical solution. 
_ As far as the interaction between the tower and the tank is concerned, — 
it is easily see seen that. the tower “could be replaced any other « elastic 
‘system capable of producing the same horizontal deflection per unit horizon- 
tal force applied at the tank, without affecting the behavior of the tank 
during an earthquake. In et the tower merely provides s an elastic 
restoring force proportional to the deflections of the tank, tending to restore ~ 
it to its. ‘Position of statical equilibrium. In building a model, it is advan- 
tageous: ‘to make use ‘this fact in order to avoid a costly tower model 
: which might prove to be of doubtful accuracy. Accordingly, it was decided 
— to support the model tank on two flat steel bars acting as | simple vertical 
cantilevers, the length of the bars | being made adjustable in the laboratory 
to permit an accurate setting of the stiffness. = symmetrical four- pout 
tower, being equally stiff in all directions, « can ‘be simulated in the model 
by making the supporting bars of the proper s stiffness in one direction only 
and then testing the model in that direction. In this manner the model 
} “tower” can be | made strong enough to hold ‘the tank weight safely, and 
at the same time flexible enough to permit very large ‘deflections ‘without : 
is not intended, of course, to ‘determine the ultimate—or failing— 
‘strength of the p Prototype, because the engineer is interested primarily in 


of this kind, therefore, must be interpreted as 


valid for the | prototype to o point where its elastic limit is reached. It is i 
neither practical to to duplicate the “ultimate 
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curtailed indeed unless willing. . to build a a “great, 
aiemiscnuilliles each of which would have to be discarded as soon as its 


‘The: point next in importance to be considered is the choice of scale for 


the model. __There is rule for the of ‘consti- 


able. testing equipment. In the the of scale is 
_ the difficulties in recording the minute motions accurately and also in 4 
controlling the testing conditions. Other difficulties with very small scale 
models are brought about by the effect of surface tension and viscosity in 

the liquid which tends to destroy: the similarity, and by the attendant 
up of the model motions which renders accurate recording 

timing more difficult. Traffic vibrations also are likely to become ‘womtie i 
After considerable ‘study it appeared that a scale of about 1 to 50° would 


was, made of No. 26 gage, ‘sheet aluminum, the bottom and roof being spun 


ON FIXED TABLE, ‘SHOWING ARRANGEMENTS FOR ADJUSTING 
STIFFNESS AND Mak1Ne@ FREE VIBRATION TESTS 
and the joints rolled together. The resulting tank model gave the proper 
ratio between weight of shell and weight of water, which is a necessary 
The complete model mounted on a Stationary table for stiffness adjust- 


ment and free vibration tests is in He. 8. will be ecen, that 
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gs are so that the stiffness of the model tower 
iy te , adjusted to the desired value. The method of determining the stiff- 
‘ ness is also shown in Fig. 3. bl known force is applied horizontally at the 
enter of gravity of the tank by means of a weight-and- pulley | arrangement, — 
the resulting deflection. of the tank being measured by a micrometer mi- 
eroscope reading on a fine scratch on an index attached to the tank. Ribtatng ' t 
tank was: attached to the tower by means of spring hinges 
to the top of the legs and to the on the tank, hinge 


“length of of ‘about. 0.01 in. This of Mew is practical frictionless and, 
the same time, zemarkably rugged. It exhibited n 
the entire set of tests. The tank bracket was riveted the shell. 
it should be remarked that in determining the stiffness of the model _ a 
to have the pr proper quantity of water, or “equivalent 
a oaak | in the model tank, because the vertical load on the legs has an 
effect “upon their stiffness which needs to be considered. The following 
relations between model and "prototype are easily from model 
theory’: if the length scale = 2, the time scale = Vi, and the 


 geale for the tower = = For the actual ‘model ‘the length scale, A, was 
46.5. This gives a time scale of 6.82; that is, a duration of 1 sec in the 
to 6.82 sec in the prototype. The following list of 

weights, in pounds, shows the ‘telations _ between the laboratory model and 


Weight of water in prototype tank (3 in. from top). 503 000 
11-000 
Weight of water’ in model tank. . 00 


| 


tank. (The model weight corresponds with aga 


val the prototype weight; thus: 5.39 x (46.5 bd 
of prototype tower in pounds 
per inch of deflection at center of gravity of tank. 16 


Stiffness of model tower (as adjusted ir in laboratory), 
pounds per inch of deflection at center of 
of tank; and 7.37 X (46 = 15 940 


* Civil Engineering, , August, 1935, pp. 457-458. 
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ELEVATED _WATER- TANKS 
The of the “was computed by applying a hori- 
zontal force of 1 000 lb at the center of gravity of the tank to one bent. ae - 


of the e tower and calculating the e resulting deflection of the tank (0.125 in). ; 


_ The corresponding angular tilt of the tank was also computed and ms . © 
found to be only 8 sec under this load; 3 consequently, it is obvious that ‘the iz” 

- rotation need not be considered in building the model, which further tie 
~ simplifies the laboratory work by permitting the use of vertical instead of a M 
ie factors establish the magnitude and period « of the 
artificial earthquake m motion to be applied to the model in order to simulate «a r =. co 
“given earthquake. For instance, an earthquake in Nature, having 80 


period of 1 sec and an amplitude of 2 in., , would be simulated in the model os 


by a motion having a period of sec. and an amplitude of —— in, wh ae 
The shaking- table was loaded with a dead of approximately 300 
Db so that the model weight was less than one- -fifteenth of the dead weight 
of the table. _ This is an important consideration | because, if this ratio he 
; 4 not made large, the reactions of the model may seriously affect the aie | 
motion. _ Of course, in the region of resonance this effect As : 4 
but. during the | early § stages of the motion the effect c of the model on the 
table motion will be quite small, and, meus it is the ony part of 
the motion t that is of "greatest: interest. 
interpretation of the model results in the full-sized ‘struc 
ture is quite simple. The model is so constructed that its deflections are 


‘to those | of “the prototype according to the Jen gth and time scales. 


may be determined easily. Having once computed the stresses in 
the tower, corresponding to a known deflection, the determination of the 
J magnitude of the stresses at any given instant is a matter of simple arith- Ee | 
Logg metic. It is obvious, then, that a record of the motion of the model tank ae +’ 
g relative to its base is sufficient for the determination of both the stresses & 
and deflections that would be produced in the prototype, as well as the 
Artificial Earthquake Motion—In this part of the an “earth: 
ie! 4 quake motion of cosine form was adopted, that being the most convenient 
work with in the writer's laboratory. Wheh table is vibrating 
itself, the shaking- table motion is so slightly modified. by damping that, 
over a range of 15 or 20 cycles, the attenuation is quite negligible. When ‘ 
a model is placed u the table, the record of the table motion appears 


as a damped cosine wave. This is due to the absorption of part of the 


The ra range of periods chosen for these tests covers the TES discussed 


band of earthquake frequencies, although there is considerable yet to be 
about | the upper and lower limits of earthquake periods, 
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ELEVATED WATER- TANKS 


motions of much longer do not exist during 
. earthquakes; and it is certain: that there are much shorter periods present. — 
Notation —The symbole used throughout this paper are defined where 
they first appear. 
ticable with “Symbols for Mechanics, Structural Engineering, and aoe 


compiled by a committee of the American Standards Associa- 


wl aansiien of the “Dummy Tank” .—It was considered to be of | interest to 
the behavior of the actual water-tank with that of an n equivalent 
wold mass in order to determine the effect of the water on the hae 
Consequently, a small inverted pendulum was constructed and its period 
adjusted to the proper value. This pendulum is referred to as the 
a “dummy tank” because it behaves in exactly the same manner as the actual 
oy if ‘the water ws was replaced t by a solid dummy mass of equal weight. In 
other words, the motions of the dummy tank re represent the effects of earth 
“quakes upon a water- -tank which is frosen solid. 
The dummy tank was made to serve another important purpose at the 
LA game time, namely, that of controlling the accuracy of the laboratory work. i 


a simple matter, it is possible to check the | of the work 
at any time. - Since 94 dummy pendulum an and the actual tank were always 


proper natural» period, for t the dummy pendulum is found as 


in which W 7 = weight of tank plus (assumed to be solid); 
-g = acceleration due to gravity; and. k = spring factor of tower (restoring 
force per unit deflection). . From the 2 foregoing lists” of weights and scale | 

ion 000 _ — 4.863 sec for the prototype. Then, 

since the time scale is VY = : 6. 82, Pm = 1. 863 + 6. 82 = = 0.273 sec for the - 
model. The correctness of the model-scale relations is s easily verified by calculating pS 


Pm, using the actual model constants; thus: Pm = 
wt = 0.273 sec. ( The dummy pendulum was adjusted by t et to a period of 


Iti is easily proved that the dynamic response of of this type 
is dependent only upon natural period, and independent of its physical 


dimensions. Therefore, it was not necessary to make the » mass and spring 
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made | a small mass 0.5 Tb) at the top 
of a vertical flat steel bar. This type of small pendulum was adopted in 
order to reduce the total effect of the models upon th the table > motion to ‘~! 


Laboratory —The laboratory work was divided into two main 
parts—free vibration | _ tests and ‘shaking- table tests. In the free vibration 
tests, the model was mounted on a rigid stationary table an and the tests were oe 
7 made by suddenly releasing the model from a pulled-back position. The 


resulting motions of the tank were recorded photographically. Fig. 3 shows 


the general arrangement used for recording ‘the free vibrations. The pull- 
back and were by means of standard link f fuses. One q 


_ the latter bracket being arranged with screw adjustment to permit vary- 
ing the amount of pull-back at will. - The shield over the fuse kept the ~ 
_ of the flash from striking the recording paper. A 110-volt circuit, shorted 
across the fuse, gave a very fast release. our. wif, 
ott the right of the tank is a swiveled mirror and Jens arranged to tre 
_ the model motions on the recording drum, the source of light being <7 
above the front of the drum (extreme right of Fig. 3). tT Immediately to the 
‘right of the recording ‘mirror is s another lens for recording the time inter: 
vals which are marked by the passage of a periodic electric spark. The 
spark- -gap but the where the leads” connect may | 
ay { = 
The shaking. table ‘motions were produced in a manner similar 
of the free vibrations, except that it was necessary to use a short length of ie 
- resistance wire, instead of a link fuse, in order to deflect the stiff springs - 
of the table. <a special form of wire link was developed for this purpose, ey 


“which proved to disintegrate very” rapidly under a 110-volt current 
7 


t 
2 
( 


no detectable effect upon the table motion. This Was accomplished eh 

‘reducing the e length of the wire to be burned to about 

_ The set- -up for the shaking- table test has been amply described else- cA 
where’. The table itself was suspended entirely by piano wires and actuated 
springs. Lateral guy wires to the floor any, 


the motions of the shaking-table relative to the floor, while the second e 
recorded the motions of the tank ‘relative to the shaking-table (the deflee- 
tions) ; ; and the third recorded the deflections the dummy 
4 represents a part of a typical record. of, the 


— a * Civil Engineering, August, 1935, p. 458, Fig. il 
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iy Just before ‘Teleasing the table, the drum was enainean once with sili lights 


on, and the timer off, to provide base lines for measuring the deflections. 


. 


in. long) being made ii 
in about 5 sec, it AX 


was necessary to time 


the recording proced- Wil 


vent awkward over- Magnification: 

» 


trolled the table Yo 4.—Pana cau R 


lease, lights, timer, and recording drum, is seen in ‘Fig. 
Pree Vibration Characteristics. —As the pull- back amplitude i is dha the 
"resulting free vibrations prove to be very uniform in character. _ Analysis of 
the records shows the system | to be remarkably linear, i in view of the | com- 
eed action of the water inside the tank. 
suecessive maximum amplitudes of free eitcation, expressed in terms of the 
the origina al pull-back before re leasing. (In this and all 
— succeeding diagrams all data are given in terms of the full-sized tank in 
~ order to avoid confusion as to scale relations. ) Ina perfectly linear system 
such as one made up of springs and weights, these curves would all be 
“horizontal straight lines. In the water-tank the curves are quite straight, ; 
but all show more or less deviation from the horizontal. However, the 
rithin any ‘reasonable working deflection of the. tank i 


ete “Initial Pu Pen-teek, at Center of Gravity of Full-Sized Tank, in inches 


5.—Free VisRaTion oF TANK WHEN SupDENLY FROM 


a quite small. ‘the basis of this one expect that the 
system seal’ exhibit nearly linear characteristics in the shaking-table tests, 


nd this was found to be the case. 


2 The curves in in Fig. 5 5 are not extended below "deflections: of 2 in., a: 
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as as oré per cent. Tt is seen can an be true | 
=, it is realized that, corresponding to a pull-b -back in Nature of 1 in, | the % fu 
a model j is pulled back only 0.02 in. The energy yy stored in the model tower for oa 
this pull-back amounts to 0.0016 in-lb. An extremely short lag during the a. 


melting of the fuse is sufficient to produce change 
in this stored « energy before the model is entirely free. b 
ih the records of free vibration two periods stand out distinetly, although — 


the ‘motion is not quite the sum of two ‘simple motions, The 


Maximum Defiection of Tank or Dummy Tank, in Inches 


second faster mode consists of a a swaying back and 
of the tank as a whole, while a large part of the water moves with the 4 
tank. This mode resembles the action of a simple inverted pendulum. These 
two periods were estimated from ‘the: records to be 0.39 sec and 0.24 sec, a 
for the model. (The corresponding periods iods for t the full- “sized 


es It is interesting to compare these periods with that of the dummy tank 
model which has a period of 0.27 sec. from 0.27 to 0.24 s sec and 


Pie In order to verify the a accuracy of the model and | laboratory work, free 
vibration tests were also made with the tank filled with a mixture of cand 
and sawdust, of volume and weight equal to that of the water (5.00 ) Ib). This 2 
mixture | was solid enough to act as an inert mass in the tank so that it a 
duplicated the conditions assumed for computing the meee tank. The 


- period of vibration as determined : from 1 these tests was found to be 0.272 be eed 


compared with the 0.273 see calculated. The this 
=. system was les investigated and found to be small (less than 1. 015), show- .* 


= 


ing that the method of mounting the model was satisfactory. 


Forced Vibration Characteristics. —In analyzing the results of shaking- 

“4 table tests in which transient vil vibrations s are considered as well well as_ forced — ei ze 4 
A vibrations, it is necessary to introduce the conception of the duration of the 
motion in addition to its period sud For example, it is not 

amplitude will so large a maximum stress, at the s same 


being able to state the duration of motion required to produce this stress; 
earthquake motions are of a transitory nature and it is doubtful whether ek te 


succession of a ‘larger number of ‘similar wa waves ever occurs. Accordingly, 4 
the data have been studied in the light of the maximum stresses (or = 


_ tions) that occur r up to various periods of time, the measure of time adopted 
the number of ground cycles elapsed s since start of the ‘motion. 
7 ‘This arrangement of data gives a clearer view of the matter than one 4 
* in which time intervals are expressed in seconds, because it is the number of ' 


ground vibrations rather th than n the absolute duration of time that of 
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ELEVATED WATER- TANKS 

‘Fig. 6 presents the results of the shaking- table tests” in a condensed — 
form. - The maximum amplitudes of the tank and dummy are shown ~~ 


fanetions of the ground period, holding the maximum acceleration of the 


A et adi Jo sal? of 


wir ie Absolute te Maximum 


LEGEND 


1p, P, Ete., Indicates Number of Ground — 
Periods After Beginning of Motion. 
4 al Quantities Apply to the Full-Sized Tank 


> 


w 


Result Based on Constant 
Acceleration Method 


= 


Fic. OF SHAKING- TABLE GROUND ACCELERATION = 3% oF 


GRaviTy; BoR OTHER VALUES DikEcT PROPORTION) 
: -_ constant at 3% of that due to gravity. y. (These data are given in 
terms of the maximum ground acceleration because many engineers are 
accustomed to compute earthquake stresses on the basis of acceleration alone. — 
The value, 3% of gravity, was chosen” as a base for plotting the 
because the structure would have a safety factor of 2 when subjected to - 
constant horizontal acceleration, 0.08 95 that is, _ according to the statical — 
of earthquake design the structure would have a safety factor of 
2 for any earthquake having a maximum acceleration of 0.03 g: >» Because 
the system | was found to be so nearly linear it is possible to derive other 
of acceleration by direct proportion. course, this is _ slightly 


“limit po point were high. 
One of the most outstanding ¢ characteristics of the 

extreme difference between the - form: of the early maximum curves and thet 
_ found in the absolute maximum curves. First considering the actual tank, 
a one notes in the absolute maximum response the appearance of two distinct 
-. resonance points. These points correspond to the natural periods observed 
in the free vibration tests. (The maxima in Fig. 6 do not coincide with 


the natural periods—2.7 7 and 1.6 aatiemaanes of the method | 
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\ELEVATED WATER- TANKS 
results. if if Fig. 6 is replotted, keeping the ground constant 
of the maximum acceleration, it will be found that the maxima then 
appear at the natural periods of the system. ) The resonance ‘Point corre 
‘sponding to the natural period ‘of the water is . suppressed, a natural result 
7 of the non-linearity in this region. In the early stages of the motion, ‘these 
two resonance points are almost entirely obscured by the Presence of the 
Equally 6 is the rapid building up of 
deflections, even at ground periods well away from the resonance points, 
is seen that, for | the most part, two . ground cycles produce deflections slant 
as great as a series of several cycles. Indeed, the relatively flat chante 
} a of the curves for P (1. 5 P and 2 | P) is obviously of great significance. — ag 
=. The response curves for the dummy tank begin with a pattern roughly 
7% similar to that of the water- tank; but, as the duration of the motion is pro- 
longed, the _curves for the dummy tank approach a form having a single 
‘resonance point corresponding to its single natural period. The generally 
4 greater « deflections of the dummy are clearly shown in Fig. 6. ee ae 
op The elastic-limit deflection : and the deflection resulting from the appli- 
- eation of a horizontal force equal to 3% of the dead weight acting at the oe 
center of gravity of the tank, are also shown in Fig. 6 to form a basis for 
| Comparison with Results | of the Statical Method of Earthquake Stress 
cece —The results given by simple statical theory are shown on Fig 6 ae 
3 but a more direct “comparison between the actual conditions and the simple 5s 


theory is given in Fig. 7. The maximum acceleration of the ground iy 


0.1097 1; 
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jaximum Acceleration Required to Reach Elastic Limit of 
ip Rods During One and Two Complete Ground Vibrations 


M 
To 
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Fig. —COMPARIS0N WITH SIMPLE THEORY OF 


(expressed a percentage of gravity) necessary to produce elastic- limit 
‘ “stresses during one and two ground vibrations is , plotted as a function of the 
_ ground period. It is obvious that the simple theory based on a constant — 


celeration fails to fit true even as a rough 
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curves cross in the vicinity of the 1-see this is a 

_ coincidence ra rather than a result of the assumptions upon which the simple 

theory is based. inadequacy of this» type of tower is shown | strikingly 
‘in Figs. 6 and 7. for tix wt 

£ Conclusions” Pertaining to the Standard Design——The most important 
conclusion to be drawn from the results of this part of the research concerns Tj. 
the inadequacy of the generally accepted method of designing ‘elevated tank 


towers against, It is clearly shown that the : assumption of a 


e band of 
if did 1 not exhibit shorter than 5 or 6 sec, 
the fixed- -force m method of analysis could be considered 1 fairly | satisfactory - 
tank design p provided a a reasonable factor of safety was adopted. Unfortu- 
nately, the more violent motions of the ground during” an earthquake | are 
known to contain periods considerably shorter would possible, ot 
course, to make the simple theory fit elevated tank design fairly well 
building the towers of st such stiffness that the natural period of the structure 
would be shortened, say, say, to 0.25. sec; but: with a mass of 500 000 Ib elevated 
_ approximately 100 ft above the ground, such a design would be extremely 
expensive. . In other words, unless natural period of the structure can 
be reduced to at least one-third « or one- fourth that of the shortest important a = 


earthquake period to be expected, the dynamical effect of the ground motion | 


na 
all the members of the structure reach ultimate stresses simultaneously. 


the structure achieves the maximum possible safe deflection this 


means that, for the tower ‘studied in this research, an increase oe 
- size of the rods i in the upper panels would strengthen the tower dynamically 


“to some ¢ extent (since. they are the highest stressed rods) ; that, 


doxically enough, if all the rods "were increased in cross-section the 


= percentage, the tower would have the same strength ATR as it 


originally, because: the safe deflection would be unchanged. 


ms The conclusion that large tower deflections can be produced i in short | 
q periods of time over a wide Tange of earthquake frequencies i is obvious from tq 


“the data of Fig. 6. - This conclusion leads further to the consideration that : an 


tien? 
& the > condition of resonance or near resonance is entirely lacking, = — 


a 
actual earthquake motion may introduce dangerously large amplitudes even 2 4 


“Ere Ott ott dis 


eS is clear that although they indicate in a general way the effect to 


be expected, the simple harmonic motion tests do not ‘Offer a ‘practical 


ie of a arriving at quantitative engineering data on the effects of actual 


earthquake: motion. On the basis of the familiar Fourier harmonic a 
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— 
| 
4 
will have been observed from Figs. 6 and that the effects of earth- 
quakes upon the structure are expressed in terms of motions or deflections, 
os pe. the unit stresses produced by these motions being incidental to them and =e (7m 
hed not eontrolline them Tt mav he seen that in anv oiven tank 
‘ 
=a 
_ 
= 
— 


t can regarded as a reliable ‘measuring st stick” 


- comparing the ynamic behavior of one system with that of ‘another 
system; but beyond demonstrating the possibility of the process mathe- 

‘matically for certain structures one cannot practically go very far toward 

- converting the results of simple harmonic motion tests in terms of the 


effect of a given irregular earth motion. 
et 1 Exement Design; ‘Scare, 1: 46.5 


Considerations Relative to Development age’ Earthquake- Proof Tank 
tructures—A study was made of a number of possible types of tank and 
tomer construction, with a view toward finding a type or types suitable 4 
for active seismic regions. Some of these types, of ‘course, appear to be 
fantastic or impractical, whereas others are uneconomical. Among the | 
_ former may be listed such arrangements as roller supports for the founda- es: 
or tanks, various ways of hanging or suspending the- tank 80 as 
to decrease its vibrations, ete. _ Among the uneconomical designs are those 


tas 


which seek to. give the structure, adequate quake- resistance 


TABLE | —Compananive 60 000- re? 
Foor Tower (Distance FROM To Batcony = 108 


in ight, 


Standard design* 

Design for a constant acceleration of 0.19 3 dic ‘3. 25 
Extra heavy design 10.25 
Extra heavy design 11.50 


to give very ‘short natural vibration to heavy tanks on towers of 
this height. For capacities of 100000 gal and ‘more, and for towers 
greater height, the situation is very much worse, 


oy Ei the natural period “cannot be reduced to about 0.5 s sec, it is do ubt- 
"ful whether the tank is very m much more likely to survive a violent ‘earth ‘ 
quake than standard design built for wind resistance only. The odds 
will depend ‘upon the nature of the particular ground motion to which it S 
may be subjected and upon the foundation conditions. 

- _ The natural conclusion from a prolonged study was that, barring fan- 
tastic and impractical designs, the best way to “obtain adequate quake: 
resistance is to” the with a greater range of elasticity; that a 

if the tower can be built so that the safe deflections are large enough, 
will be no danger of failure. This. does not necessarily imply 


Tek 
the tower must ‘be Lesetanel limber or weak, although a certain degree of 
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ELEVATED WATER-TANKS 
— is almost always “created by i increasing the allowable deflection 
oe of a structure. _ This concept, of course, is not a new one, but it has been | 
most often discussed in relation to buildings; and, in this ‘connection, 
the writer wishes to emphasize that the present discussion is in n no 
= intended to apply to buildings. 
‘There are two general methods of f increasing the allowable 
deflection ‘range of a structure such as a water-tank tower: (1) By mak- 
2 ing the tower of some type of open framework in which the forces resisting — 
f deflection © are produced by bending stresses set up in some « or all of the 
a members of - the framework; and (2) by artificially increasing the e allowable 
4 direct- hia deformations of some or all of the members of a statically — 
determinate tower. Of course, combined systems will also suffice. 
Method (1). —The first method has one serious drawback—if the tower 
is made with sufficient deflectibility for quake resistance, the deflections — 
ig ‘ due to strong winds are likely to be undesirably large and the tank will 
sway considerably with every light wind. ‘This difficulty ¢ can be avoided 
by adding a system of diagonal bracing to the tower, the bracing being — 
of such strength that it w will | safely stand ordinary wind force but will 
break or collapse when a ‘serious earthquake occurs, leaving the tank free 
to sway as far as need be during the quake, and yet not endangering the | 
structure as a whole (if it is made inherently stable). pores 
Difficulties arise in the design of a fool-proof collapsible bracing system, 
since a bracing failure on one side only or on one panel only would probably — - 
be disastrous. . Furthermore, questions arise as to the advisability of tak- 
ing chances on hurricane or -hurricane winds which would break 
the bracing and leave nothing to resist them but the bending action a the 
be 4 frame (which, for towers about 100 ft high, is rather small if the design 4 
pe is economical). The replacement of bracing (or of breakable links in the 
Oe bracing) after an earthquake does not present any serious objection. All 
in all, it may be stated that this method is at least worthy of serious 
- consideration and perhaps it would be well worth while > to study the 
behavior of models representing various towers of this general type. e 
 Metho d (2).— The second method can best explained by reference 
Fig. 8 which illustrates schematically a device developed during this re- 
Search. If spring elements such | as those in n Figs . 8(b) and 8(e) are intro-— 
- duced at Points S into the bracing of the tower (Fig. 8(a)), it will be escen 
allowable elastic deflection of the tower oan be increased at will 


are provided with ‘a ‘a. means arbitrary initial stresses 
“to the springs, so that up to the limit of the initial | stresses ot et per 


forces. When ar an earthquake of serious s magnitude occurs, 
‘the initial stress is quickly overcome and the elements act as simple springs a 
to the point at which the « coils close tight, when they 2 ai 


is evident that this has the advantage “over 
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= will as with the effect « of breaking the bracing 


~ @ SECTION B-B 


. 8.—SPRING ELEMENT CONSTRUCTION (Scuematic) 


that no > attempt w will be made to ‘them all. nc. special type 

of interest, shown in Fig. 9, in which a damping device 

4 has been added to the spring element as a means of decreasing the am npli- a 

tudes of vibration. It is surprising to find how little damping force is =" 
needed to produce a very beneficial effect in the behavior of this type of | 

Description “of Model Technique —In ‘dealing with an entirely new 
type where there are no definite data’ st} hand on 


= 


variation in obviously be a very ‘expensive. 
procedure. Therefore, it was decided to conduct this preliminary study by 
y a means of a single model “which could be adapted to represent a number of ee 
and, at the would entail a minimum of time ¢ 


Bs In order to understand how this was accomplished, it is first necessary 


examine the s statical, or load- deflection, characteristics 
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Fic. ELEMENT. WITH Deiarsne. (ScHEMatic) 


ined in practice, the sharp breaks will always be more or less roundcd off 


- due to unavoidable inaccuracies in building the structure and in adjust-_ 


Spe Low Spring Elements 


Rigid 


Fig. 10.—Loap- DEFLECTION CHARACTERISTICS OF 11—DiacraM oF MopeL 
TANK TOWER EQUIPPED WITH SPRING ELEMENTS _ USED FoR REPRESENTING VaRI- 


apa. Now if it is sufficient to treat the structure as a two-dimensional prob- 
dem (as in the: Previous teste), is ay 7 ‘simple method of 


— 


‘i Pe equipped with spring elements. Fig. 10 shows the typical theoretical load- 3 | 
 & 
iim 
— 
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dynamical equivalent. Fig. 11 shows how the ‘model was constructed 
‘ 3 by simple changes" in the origina! model of the si standard design. Screws + 
are set to put an initial stress in the flat springs, S;, when the system is m 
its equilibrium position. then, ‘one deflects the tank over to the left, 


gay, at » and, at first, the stiffness of the tower be 
7 
system mis — to the point where the initial stress in 8, is > 
equal to the tension in rp. During this part of the deflection the model P 


As soon as the deflection proceeds” farther to the left, the spring, 8, ne 
_ begins to separate from Screw a and the stiffness of the tower system 


Maximum Deflection of Tank, in inches 


becomes — + in which the term, dominates because 


is small relative to S, and The stiffness now remains at this value 
until S, comes in contact with Screw b. During this part of the deflection — 
the model represents Section B of Fig. 10. Any further ‘deflection to 
encounters the original stiffness, — + . , and, therefore, rep- 
resents Section C of Fig. 10. 
it will be noted 1 that by varying the settings of Screws a and b and the i 
“stiffness of Springs Ss, and Ss (by altering their free lengths), a 
variety of designs ca: can easily be “represented with the same model. In the 


tests herein described, the springs, S, and 83, were not changed since they _ & 
represent the stiffness of the structural framework of the tower which 
would not change for the various spring-element designs “considered. mt 
adjustments of S,, Sy and were made independently by using the con 
ventional weight- and- pulley ng, , the deflections being read with 
micrometer microscope. Then, the set-up was assembled and the settings > a 
of Screws a and b were made by “trial and until the ‘measured load- 
defile curve fitted the d curve. 
Laboratory Procedure.—The routine of table tests was the same 
as that described under the heading “Standard Design. Several ‘Possible 
"designs were chosen for study, and each put through a series 
tion of the tower a as a of ground amplitude for a given 
_ motion period, from \ which could be determined the largest simple harmonic a * 
ground amplitude which the structure could safely _ withstand that 
period. Fig. 12(a) shows a characteristic plot for one of the designs 
investigated. For comparison is shown the corresponding curve for the 
standard described in Table 1 and supporting text. 


Forced” Vibration Characteristics——A study of Figs. 10 and 12 (a) wil 
help to make clear the relation between ‘statical non- ‘linearity and 
dynamical no non-linearity. ‘The tank deflections produced by ground 
motion of cosine form are not proportional to the amplitude when ‘the 
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“This phenomenon is 


the structure changes a as s the | of its. vibration ‘Thus, 


Lbperin 

a 


25000 Lbper 


"Deflection of Tank 
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OF TEST DATA 
Limit of Elastic s 
Deflection 


inches ——— 


Ground Period = 3.10 
Seconds, All Quantities Refer | a ats FULL. 
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uired to Reach 
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jastic Limit of Tower Rods, in Inches 


Amplitude of 


Period of Ground Motion in Seconds Mild Batting wi 4 


Fig. 12. AKE RESISTANCE OF SPRING ELEMENT DeSIGNS COMPARED 
WitH THAT OF STANDARD DESIGN Me 


Fig. 10, it is evident that over the range, A, the natural period is constant _ 
is equal to that of the same structure without spring elements. 
~ Soon as the amplitude of vibration ‘Passes over to the range, B, however, 


— the effective stiffness (that is, the ratio of the Rectseneal load to pa 

corresponding deflection) becomes progressively less. This state of 

when fur 


ia 
was the case with the simple — 
standard structure. 
4 
on pipe 
Stiffness, S. in Pounds per Inch | — 
| 
| — 
“= 
2 — 
‘ 
— 


‘ELEVATED WATER- TANKS 


nge, 


be as short as the period in the A range. 


«i In such a system, then, it is obvious that the amplitude of the ground re 
_ motion can be just as critical as its period. Thus, in Fig. 12(a), the + magi 
_ of the ground motion is much longer than the natural period of the struc. 
ture in Range A of Fig. 10. Asa consequence, for ‘small ground amplitudes 

of this period, a very small tank deflection occurs; but when the ground 
1 amplitude increases enough to throw the tank amplitude into Range +B, the * 
periods are brought closer together, and the result is sudden build. 


ce. 


oO 


ing up of vibration due to a quasi-resonance. The break-over at the top 

of the curve in Fig. 12(a), of course, - represents the disappearance of the 

quasi-resonance condition as the amplitude goes into ‘Range of Fig. 
It will be noted at. once that studies of markedly non-linear 

al simple harmonic motion, such as the spring-element tower designs, cannot i 


give a clear picture of the effects be expected from: irregular 


actual” earthquake. Indeed, these experiments were restricted to 
motions only because at that time actual earthquake motions could 
not be reproduced in this laboratory ; but it was recognized that, for the 


"purpose of comparing one design with another dynamically, the simple 
motion is a serviceable yardstick. — 
“Big. 12(c) ‘presents a partial s summary of the results of several hundred 
«tests. _ Also, shown on ‘this diagram, for comparison, are the corresponding a 4 


ae 


results of tests on the standard design previously investigated. These data 
represented in terms of the 2 ‘amplitude of simple harmonic ‘ground 
-motion to reach the elastic limit of the tower rods for various A 

motion periods. The points on the curves in Fig. we were 
determined by the absolute maximum tank deflection reached during “each 
test. In almost every test, however, this absolute maximum deflection was seg 

Feached within the first two or three cycles of ground motion. Thus, if the f 
data w were e restricted to motions of. three cycles” duration, the figure would 

: very little. The rod-bracing of the tower in these tests was sta 
for a safe horizontal Toad of -one- -tenth the weight of the tank = 


and contents a acting at the center of gravity of the tank. Had the standard — 
bencing (see dotted curve, Fig. 12(c)) been designed for the 
_ loading, the ordinates would be practically unchanged in magnitude, but 
would be shifted a little to the left. Thus, the minimum point would move 
from a period of 1.6 sec to about 1.3 sec, with no change in magnitude. — 
Superiority of the spring element design over what is generally 
thought « of as the principal part of the earthquake ‘spectrum is very marked, 
but for earthquake periods beyond .about 3 sec the standard design com- 
preliminary experiments we were made with a frictioning device 
study the effect of damping. The results indicated that surpris- 
. 5 ingly small damping forces would suffice to raise the low Y points on wm 
curves well above the curve for the standard design. These tests were not 
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experiments suggested that ‘the new of. has very definite 
§ possibilities: as a means of overcoming the earthquake hazard for elevated ca 
water r-tanks. The conclusions to be drawn are quite limited by the very 


(a) For earthquakes characterized by short-period vibrations (not more eS 


i about 25 ¢ or 3- “see periods) ‘the simple spring-element design” can be 


considered a satisfactory solution. For such | earthquakes the data in Fig. 


show that the greater the ‘closure deflection, C, the more violent 
shocks ‘the structure can withstand. 


For earthquakes in which moderately large long- period vibrations 
po present (say, between 3 and 6 sec) dangerous: stresses may be reached ; 
and, without damping, the spring-equipped structure may ‘be no better off 
than one of standard design. For the data in ‘Fig 12(c) 


to indicate that closure deflections of more than 7 or 8 in. may be | 


seem 


© The “presence of a slight degree of | damping action would greatly 
help the structure in the long- period range without appreciably reducing ite 
: —@ In order to obtain’ design data for eng engineering purposes, tests should 
be ‘made with actual earthquake motions. The model preferably should be 
three- “dimensional and large enough to accurate determination 
: the damping forces required for practical design. (In the model of 1:465 
the measurement of damping forces is made difficult by the fact 
that the force-seale is (46. 5)%, or 100 500; : that is, a a force of 1000 lb in  - » 
_ Nature corresponds to less than 4 oz in the model. | Although there is no 
= ow in measuring v very y emall elastic forces in a frictionless structure 


, since the 


of deflection is s equal whe of the 2 
‘PART Il—EXPERIMENTS WITH ACTUAL ferme 


 Mopet Cuar: ACTERISTICS A Testing -Procepure 
___Introductory—Four important “questions were by ‘the 


How will the new construction behave in three dimensions? 


(b) What will be the effect of actual irregular earthquake 
compared with the simple barmonie » motion previously used ? > 

ex (6) How much damping is needed to avoid excessive stresses? 

How does the proposed structure compare with the standard te 

structure in dynamic behavior when — to actual earthquake 
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motions. The design of this 
machine’ was begun in the e fall of 1934. Construction was completed in 


4 the summer of 1935; and by September, 1935, the operation of the machine j 


was considered quite satisfactory for conducting the research. 


The research described in Part should be ‘Tegarded as only pert 


of the program of tank-tower investigation that was originally planned. 

_ Limited funds made necessary the curtailment of the planned Program, 
- with the result that the data are not nearly so extensive as could be desired. 

- Sufficient ¢ engineering ¢ data have been obtained, however, to make possible for 


the first time sreceucing design of a fairly wide range of sizes of elevated = | 


It is not intended suggest that" the spring element design is the only 


practical | solution to the problem. is the only solution which the 
“writer has (to date) considered sufficiently practical for actual construction. 
The Model—A three-dimensional model was constructed on a scale 


1:25 to represent 60 000-gal tank on a 100-ft tower, Spring « elements 


investi ated. pas 


were built into the model to simulate the new type of construction to e 


The di theory applying to models of water-tank structures was dis- _ 


f cussed! by the writer in 1935, who then showed that perfect geometrical 
scaling will result in. ‘dissimilarity unless the model tower is built of a 


material having a modulus of elasticity of times that of the steel 


in the prototype (p and pm being the densities of the liquids in the 
prototype and and i is the scale of the model), 
| ‘This means that if mercury was used as the liquid in the model, and : 
brass" (E = 13800000 lb “per sq in. ) for the structural and tank — 
shell, then a geometrically scaled model with A = 29 would be entirely | Ns. 
“satisfactory (with a minor correction for the density of the brass). oh 
ae Ai consideration of the hazards and difficulties involved in the use ra 
mercury-filled model the decision that this procedure should be 
avoided. This was ‘done by means of a scale distortion analogous to 
applied in earlier studies. _ The expense of building an accurately made 
geometrical- -scale model of water- tank and tower would have been 


‘4 — and the problem of simulating riveted connections exactly to small 


arly that. it ‘makes little 
_ difference whether the joints are rigid or pinned, as far as the ‘dynamical 


behavior of the structure is concerned. ‘Usually, they are somewhere in 


between, probably being nearer the rigid condition, except the struts 
are actually: ‘pinned to the columns, is sometimes the case. ‘The e eccen- 


Er — March, 


Engi incering, pny 1935, p 
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Before further model studies could be directed profitably toward answer. tr 
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WATER- 
the members is of more 
: _ consequence in affecting the tower stiffness than the degree of rigidity “i 


It was decided to make the joints of the ‘model rigid (the prototype 
pinta | were riveted) and to preserve the eccentricities as they are in the — — 


actual design chosen for study. In this manner net tower stiff- ‘a 

can be simulated closely by a simple model. 

In order to arrive at the model-member > design required for a given »"* 

over-all length scale, 4, the model theory ‘referred to in Part I is merely 

- extended to the individual parts of the structure.” The following elton 

are » easily obtained: ‘Sant 


bal 


and, for thickness of tank and roof plates, fe fines ey 
in which A= = area . of member in = aren of member in 
4 model; ¢ = plate thickness in prototype; tm = plate thickness in model; © 
I = moment of inertia of prototype member; and J» = moment of inertia 


a correct only if the principal shell distortions are due to the bending of 
the plates and not to direct stresses. This is on the case for tanks 


«At is important to ‘Tealize that these relations, although resulting in tr true 
dynamical similarity, do ‘not result similarity of unit stresses, from 
= it is to be concluded that a model built according to these rela- 
dynamical deflections ‘are concerned, to the point where elastic limit stresses 
are reached either in the model or in the prototype. — Beyond this point 
similarity, ceases to “exist, and the interpretation of the “model results 
i becomes a matter of judgment. - Once the model deflections are known, 
it is a simple 1 matter to the in the 
To satisfy, simultaneously, both the and the for 


i= 25 (the scale chosen) and (water in the model tank) is 

d tank 


2, of model member. The thickness scale for the tank and roof plates is” 


a practical impossibility for the sections -eomprising a _gtandar 
Bulletin, Seismological Soc. of America, July, 1934, pp. 170 to 230. 
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Dass 3 but there is a Sata solution of the problem, If the scale of of + 


is made correctly, the area. scale can be corrected by artificially giving ‘to 


the members the ‘compliance (force per unit elongation) they would 
if the area scale could be maintained. If C and Cm are the maine 


of Prototype and , respectively, it can 1 be shown that for the ‘model 


the present problem m it found “that, when the proper — 


was necessary. Instead of the ‘compliance of all 
members of the frame, was found much more convenient to attach 

appropriate springs to the diagonal rods 
: only in order to correct for the ie 
reader” will observe that the 


iy tank, the total deflection in any. one 


panel was made the same as it. would 


have been had all the members i the 


oops,» panel been corrected. 
Fig. 18 illustrates the’ construction 
typical the correction 


is above the joint, ‘and the 


element below. The ‘individual spring 


An. Brass Plate te ix 
te elements were all completely calibrated, 


assembled, and ‘set for initial load | and 
point before they ‘were put 


into th the tower. connections were 
joined thorqughly with medi 


+ solder. The pins shown were inserted 


Steel Spring for construction purposes only. 


: IN nuts and turnbuckles were secures 
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‘In. Brass Tubin, 
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with solder after final to 2 


= 
0.04-In. Brass Rod — the only entire 
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adjustments. after several trials, tension in the model y was 


4 _ The completed model and shaking- table are shown i in Fig. 1: 
member ‘representing horizontal circular girder was made 


hollow square tubing. ‘It was placed inside the tank for convenience, 


‘ being so small relative to the tank diameter that its effect upon the water 
motions is unimportant. The choice of load- deflection, characteristics for 

the model was based upon the behavior of various designs in earlier tests, 

where simple harmonic motion was used to simulate the earthquake motion. “4 
It was found subsequently ‘that the choice of | a closure point ‘was not 
ideal (see heading, “Earthquake Tests; Undamped Spring-Equipped Tower, 7 
Parallel to Sides; Motion N. 40° E.”), 


ig. 15 shows the load- deflection characteristic. experimentally deter- 


hing by pulling the model in the direction shown. — Wig is to be noted 


sized structute, in. ae to avoid confusion as to A | 


slight shifting of these curves relative to one another vertically would 
make them coincide very well, the’ maximum shifting required being 
about 1200 Ib. In the m odel, this amounts to. about 35 grams, and. 


tie- rods. Considering the small scale used, “it is doubtful whether 


better uniformity of rod tension can be ‘obtained | practically, and there 


is no reason” to believe that an actual full-sized structure would be more 


uniformly adjusted as to tension by 


Shaking-table tests, first in the A-direction and the C- direction, 
showed no appreciable difference in dynamic characteristics. Indeed, this’ 


a is what one would expect, | since the 3 natural ‘Period of the structure varies 


‘the square root of the area beneath the load- 


results. by introducing friction into the twenty- -four “individual 
‘elements: on such a reduced scale. The solid friction used “testi 
would closely approach the type of damping contemplated for actual con- 
struction. | (See Fig. 1 17 for sectional assembly of a large unit equipped with | 1 
damping device. In fact, it is possible. that a satisfactory element might 
be built more esiiigieidecdy with pure solid (sliding) fricti BS 
piston and cylinder arrangement shown in Fig. VW. 
x The choice of solid friction (or the equivalent) as a damping medium — 
— of the more conventional damping proportional to velocity (or 
power of velocity) is justified by a consideration of the that 
might be set up by the latter in ‘the case of fast ground movements. pe £ 
_ stant-force damping limits the stresses to those produced by deflection, plus = 
constant fixed force, regardless of the rate of “change 


of 


Load Applied at Center of Gravity of Tank, in Thousands of Poundstor Kips) | 
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the yuniformitv of tension approximately bv touching the rode _ a 
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lt: 
not appreciably affected by the variations in the four curves. 
— Damping was simulated by a solid friction device attached direct] 
; the tenk (Wie 18) Tt wee nn nossihle +o obtain reliable _ 
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will be 1 noticed that the in Fig. 16 does not 
a ‘represent “the damping to be derived from the sp spring elements, — 
because the damping action of the latter abeent over the range 
tower "deflections indicated by Section A of Fig. 10. The difference in 
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Stress, s= 12.5 “tig Ground Stee! Flat 
Kips per Sq in. “Board Moves with 


Shaking 


fi effect i is small, however, and means” that al 
in the laboratory “tests should be increased by 8%, or by 10% | at the 
most, to secure the equivalent force of the spring -ele- 
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generously allowed for in Conclusion (8), “General Conclusions Drawn 
“ee The structural design. assumed for this investigation is shown in Fig. 
‘A 18. This design gives a calculated stiffness to the tower of 23 kips per in, 
of deflection before the ‘springs | begin 
“6 The model was transformed into a standard tower for later tests by 
connecting rods directly to the, joints instead of through spring 


elements full shows the measured load-deflection curve for 


/ 
— 12.5 Kips per Sa in 
Rod Stress 


— 


"Horizontal Load on 1 


18.—S N Curve, STANDARD TANK; 3 

DESIGN OF PROTOFT PE; AT 45° TO THE TOWEK 
The stiffness of the structure in this investiga-— 


i is 44% greater than that of the standard tank studied in Part I; it 
was designed for a horizontal load of 43.5 kips ‘at the center of oe 
of the tank, whereas the tower originally studied was designed for 19.5 a 
kips at the same unit stresses (18 kips per sq. in., rod stress). The por 

of the ‘stiffening was twofold: The ‘structure had to be built 

somewhat stronger to enable it to withstand large deflections as a spring- 5 
equipped tower; and (2) it was ‘desired to learn just how much benefit 
would result from a reasonable degree strengthening in a 


gn shown in ‘Fig. 38, (The caleulations were: made assuming no 
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Testing Procedure—The model (see Fig. 14) was first 


tested statically to obtain the data in Fig. 15. Then it was mounted ss 3 

Da on the table of ‘the shaking- ‘machine so that the motion of the base was 7 

applied 1 parallel to ‘the tower sides. Later, the tower was turned through 
45° 80. that the motion was applied | diagonally for reasons given cub 

sequently. tests (including those for load deflection) except one, 


_ The motions used for testing the model dynamically were taken from { 
is data on the Long Beach earthquake of March 10 , 1933. These valuable hi * 
data consist of tabulations « of ‘ground displacements at intervals” 0.120 
sec for the three components of that earthquake, as calculated Siem the 
accelerograms recorded at the Subway ‘Terminal Building, in Los Angeles, 
Calif. two horizontal components» were plotted on cross- -section. paper 
and, after eliminating some very long period waves which were obviously a 
unimportant, a polar plot was made for each component. — The polar plots — 
were made into “optical ‘cams? for driving the machine by cutting them 
| along the plotted lines representing the ground motion. The cam for the 
: component, N. 40° E, is seen in Fig. 14. No tests were made with the ver- 
tical component. (There is no direct evidence of dangerous earthquake 
stresses in the éliai of steel tank towers due to vertical motions. Such — 
eolumn failur es as have occurred appear to have resulted from poor ‘details 
and not from true ‘column failure in the Proper sense of the word. How-- 


| 


jee 


two horizontal components are referred to throughout as the Los Angeles 
motions, N 40° E and 50° The reader will understand thet the 
are motions of the Long Beach shock as recorded in Los Angeles (37 miles ar 


: a number of free vibration tests were made with the model as a spring- 


equipped structure (with and without damping), and as a standard struc- 
: ture. As in earlier tests, the procedure was a sudden release from a 


tially the same as that followed it in earlier studies. ‘For each test, the table 
“ieonagedh the deflection of the tank relative to its base, and time e marks, a 
were recorded simultaneously on one photographic record. Free -_vibra- 
The arrangement for testing and recording i is shown in Fig. 20. A rigid — 
framework moving with the shaking-table carries the recording 
Mirrors and lenses so that the tank deflections are _Tecorded directly. 
The same frame also carried the friction device ‘shown in Fig. 16. we od 
Vibration Tests. All free vibration were made diagonally to > 


procedure used in recording the motions during tests was 


maximum amplitudes: a successive swings gs in the free rs 
standard structure are given in Fig. 21(a) in terms of the percentage a 
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of the otiginal pull- -back t ‘before relensing; -back — 
amplitude. One observes” here about the same degree of linearity ag 


the ease of the smaller model investigated previously. ‘The exact form 


20.—Set-Up FoR TESTING AND RECORDING 


free vibration is not the same as before 
represents a stiffer structure. The absence of damping action is shown 
by the persistence of large ‘amplitudes | in the 5, 6, and 7 maxima. (By 
a “damping” is meant the dissipation of energy (usually in the form of heat) 
__by the action of forces resisting motion.) ly 
a It must not be inferred that because the amplitude —— to 
: 60% of the initial pull-back by the seventh swing that the stored energy — 
has dropped to 60% of the original. The original energy has merely been 
changed from all potential to part potential and part kinetic (that is, the 
water is surging when the tank stands still at the end of a swing), 
_ the total | energy being scarcely diminished in the first five to ten swings. 
| Similar _pull-back tests made by the United States Coast and Geodetic — 
Survey® on full-sized structures show very little decrease in energy even 


after twenty to thirty swings of the tank. absence of appreciable 
" damping in standard tank structures and their foundations is the greatest — 


_ *Special Publication No. 201, U. S. Coast and Geodetic Survey, pp. 75-95. sini 
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hindrance to ma nary means. 
From the free vibration tests, ‘the period of “vibration. ‘was found 

be 1.3 sec in. amplitude). The secondary period due to 
water swinging in the tank) i is about 2.7 sec. tending 
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Initial PullBack at Center of Gravity of Tank, ininches 
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Pat Fig. shows graphically the free vibration characteristics, of. 
>. a spring- equipped structure with no > damping acting. Here, a pronounced non- 
linearity is observed, as evidenced by, the great deviation of some: of ithe 


plotted lines" from the horizontal. Comparing Fig. 21(d) with Fig. 15, one one 


can obtain a further conception of the relation between dynamical and 
 statical ‘non- -linearity. It will be seen that the more pronounced the non- re 
linearity of the load-deflection characteristic, ‘the more ‘difficult it becomes 
to predict dynamical behavior. (In each case, the water ‘motion sessile 
some dynamical non- linearity. The lack of damping» is shown by 
the large amplitudes of the sixth and seventh swings in Fig. 21(b). i 
‘The expression, “natural period of vibration,” has no real meaning when 
applied to the spring- -equipped tower. Ih the free vibration ‘made 
the pull-back tests, a complete assortment of periods appear, ranging 
\ from 3.5 sec to 1. 5 sec, which, in general, vary with the amplitude, as is 
to be expected from the. shape of the load-deflection curve. F or amplitudes 
of less than about 1 in., this structure behaves dynamically like a standard 


‘structure hay having a principal period of (15 see; period 


_ The effect of a small amount of damping is clearly shown in Fig. 
81(c), in which case the friction force used for « damping w was less than 

1% of the weight of the tank and water. Comparing Fig. with 
21(b), one ‘notes not only a reduction in the amplitude of the 
swing after r releasing, but also a large decrease in subsequent swings, in 
dicative of the beneficial effect of the damping. Furthermore, the 
begs character of the free vibration is seen to be masked by the damp 
ing. It should be noted, also, that the application of the same damping 

eee to the standard tank structure of Fig. 21(a) would have a very —_ ‘ 
smaller beneficial effect, about one- “fifth or one- sixth 


to the first swing and from the first swing to the remainder of those shown, 
one might wonder why the decay in amplitude changes pace so abruptly. 

This phenomenon is due to the fact that friction applied to the tower 4 

energy only when the tower deflects. During “the first two. 

swings, the motion | of the tower is large and considerable energy is dissi- 

ted; after this time, however, the ‘water co! ontains most of the 
pated; after this , the 
ing energy in the form of a wave motion inside the tank and this ware 

motion can only be damped out indirectly as it causes the structure 

deflect slightly. Hence, “the damping force acts primarily to. dissipate 
res energy that is likely to be harmful to the structure ure; that is, energy stored 

From the foregoing, ‘the detrimental effect of baffle-plates “inside | the 

_ tank is easily visualized. ‘Their effect could only be to throw more of a 

aca the total energy into the structural frame ‘and less into the wave a & 


of the water. In the case of very large and flimsy storage tanks, the 
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capacity 0 of the shells t to withstand of 
well be questioned. The shells of the standard elevated 


not greater! than 100000 or 150 ‘are most likely 


Farthquake Tests; Undamped Spring- Equipped Tower, Tested Parallel 
jal Sides; Motion N 40° E.—The behavior of the undamped spring tower 
first investigated by applying the Los Angeles, 40° E, earthquake 
motion to its base, the direction of motion being parallel to the sides of 
the tower. 4 To insure the safety of the model, the amplitude of this” 
motion w was by the factor, 0. 72, of the ac actual earthquake amplitude, 
This factor is referred to throughout this paper as the “Amplitude Factor” = 
and signifies the ratio of the testing amplitude to the amplitude of the 
actual earthquake: as recorded by the accelerograph in the Subway 
Tests” ‘made by applying the described motion at various speeds are 


“plotted in Fig. 22(a). The maximum of the ‘tank (relative to 
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22.—Maximum DEPLecrion- Time Facror Curves, Tower Nor 
‘nt ok Los ANGELES MOTION, E. ni home 


Maximum Deflection 


" 


‘base) ‘oceurring during the application of the earthquake 
plotted against ‘the time factor. 


_ The “Time Factor” represents the ratio - 
of the duration of the earthquake in the test to the duration of the actual | 
iva earthquake | as recorded by the accelerograph. Thus, a time factor of 1. fs 
denotes that T sec of earthquake occupied 1.10 T sec in the test; 
that is, a time factor greater than 1. 00 indicates that the motion was more © - 
applied than the actual earthquake. Since as previously “mentioned, 
o- data in this paper have been expressed in terms of the full- cined re 
structure, no attention need be paid to scale relations, all the curves 
ay be interpreted directly as if the tests had been made or 
Ris ~The horizontal broken line i in Fig. 22, and in subsequent diagrams, a4 
a reference line for comparing the various sets of tests. It. a 
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ine one can interpret the results in terms of stress. Fig. 15 will also be 


ELEVATED W ATER- TANKS 


helpful in this 1 respect. ‘The reference stress line 


sistent, same stress was used as a reference line standard 
tower data’ (see Figs. 19 and 25). for | comparison only and does 


Oe 22(a) indicates that without damping the spring ‘elements cannot 


considered very satisfactory because, although ‘dangerous deflections ar are 


not reached ‘anywhere on the curve, they certainly might be if the ampli- 

d ~ tude factors were raised from 0.72 to 1.00, or more. — Two important 
conclusions were drawn from these tests. was evident: (a) That damp- 
ing should ‘be present if the Los Angeles earthquake records. can be 
aecepted as ‘representing a kind of motion to be found in 1 Nature; 
and (0b) that it would have been much better to have chosen a structure 


capable of about double the maximum “deflection originally chosen. 


Deflection of Tank, in inches 


In other wards, instead of having the springs close at a deflection 


about 6 in, they should close as far out the structure ean safely be 
re 
deflected (15 in. is a “practical: figure from the standpoint ‘of column bend- 


and spring design, although 20 in. does 1 not seem unreasonably large.) 

These two ‘conclusions emphasize clearly the desirability of applying 


irregular ground motions for determining ‘earthquake resistance 


first conclusion was st suggested by earlier tests, using 
motion to ‘represent the but it could not be con- 


‘tee and ‘factors. Variation of the time factor can be inter- 


preted in two ways: With : a given structure, varying the time factor 


makes it possible to find _what effect the earthquake would have if it 
happened faster or but with the character of the motion 


ture. In ‘other words, varying: the time the results 
ean be generalized considerably, whereas if only, a time factor “of. ‘unity 


is used the results can be applied only to one ‘particular | earthquake acting — 


The significance of v varying the amplitude factor is obvious. makes 
a it possible to generalize the results in another “direction, so that the effect 
4 of the same motion changed in amplitude | can be seen, 
Fig. 23(a) represents a series of tests following those _ previously: 
i described, the purpose being to find how the behavior of the structure would : 
gay with» changing amplitudes of the same earthquake motion. The ie Z 
time factor was held results show that the maximum tank 
deflection is very 


was ¢ osen at the 
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The cautions already stressed regarding the 
harmonic motion studies were proved to be entirely justified. — 
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ELEVATED WATER- 92 
no damping is present. They emphasize the correctness of Conclusion 


-_- and (b), cited in discussing Fig. 22(a). No attempt was made to carry © 
factor near to unity for fear of the model. 


Lo 


675 0.700 0.725 0.750 0.775 0.800 0.80 085 090 095 
—MAXIMUM DEFLECTION-AMPLITUDE Facror Cv RVES, TOWER WITH 
= Nor Dampep; Los ANGELES Morion, N 40° BE; Time Facror, 1. | 


% permit tlie and testing a model to represent the design suggested by 


4 Maximum Deflection of Tank, in Inc 


"4 ‘the tests just described, it was decided to turn the model so that the motion 
eould be applied diagonally. In this position, the safe deflection is 
increased by ,/ 2, and it was thought that the results would be interpretable. 
Fig. 22(b) (full line) is a plot of the results of a series of tests with 
petiensien motion at N 40° E applied diagonally to » the tower and with an 
_ amplitude factor of 1.05. The reference stress line will aid in compar- 
ing with Fig. 22(a). In order to determine how well the diagonal tests 
be used for interpreting ‘the behavior ‘parallel to the tower sides, 
Curve 1 was computed f from the data of Fig. (22a), as if the structure 


oe linear; that is, it represents the behavior of the tower under the s same 
Conditions, 


diagonal tests merely represent a tower with a load- deflection character-— 
_ direction this characteristic is taken to be; the behavior is dependent only Re 
the ‘mass and th the character of the load- 


in in connection with Fig. were 7 

. we A set of tests was then made to find the effect of changing ee ampli- 

? tude factor when shaking the structure diagonally. _ The results are plotted ” 
in Fig. 23(b). . The form of the curve here closely resembles that — 


“ oy varying the amplitude of the simple harmonic motion applied i in earlier 


experiments (see Fig. 12(a)). “Fig. 23(a) would show the same character-— 


ort had _the curve been extended far enough to the left. _ As paed ~a 
"the 
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_i™ ihe agreement indicates tat It 1s probably sale to accep 
> the diagonal tests as also applying to tests parallel to the sides of the —_— 
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hs 

point for shape of the part of 

the load-deflection curve beyond this break has no effect upon the results, 

‘and one can just well imagine that the break has moved farther 


a out to the right, as it ears be. (The upper break i in Fig. 15 is caused : 


Earthquake Tests; Damped "Biting: Equipped Tower, Tested Diagonally; 
Motion N 40° E.—The principal results of a large number of experiments ts 


are > plotted in Fig. As in 22(b), the testing conditions were, 
a MOTION, N “AMPLITUDE F FACTOR, CURVE 1, 1.10 AND ALL 1.05 


Curve 1, Rod 125 Kips per Sqin. =O) 


cel 

Force, F. nm 


| @) MOTION, S 50° &, AMPLITUDE FACTOR, 1.05 
1.40 750, 


070 080 0.90 1.10 1.30 


Fig. 24.—Maximum DEF LECTION-TIMB Facror Curves, Tower SPRINGS; os; 
iv Damping Force F, as Suown; Los ANGELES MoTion ArPLIED 
the Los . Angeles motion, N 40° E, applied diagonally with an amplitde 


factor of 1 1. 5 (except a as noted in the case of | ~The» in 


Within the limits ‘of the damping force applied ‘in these tests “the 
maximum tank deflection progressively decreased as — the damping wa 
increased, the beneficial effect tapering off as. the, damping» became greater. 
‘ > a Since the maximum stresses set up in. the tower members result from the 
i ‘maximum tower deflection and the frictional force acting together, it is 
that there must be some optimum frictional force beyond which 
. the reduction in maximum amplitude due to a further increase in frietion 
. will be more than offset by the additional stresses produced by the increase — 
in the friction ‘itself. That this point was not reached in the tests plotted 
Fig. 24, will be seen by noting that increasing the damping force, & 3 
from 6 880 lb to 7 775 Ib (or 1395 Ib) reduced the maximum deflection — 
by about 1.2 in which by. Fig. 15 amounts to a reduction of more than =. 
3.500 Ib in the wall on the tower due to deflection; that is the net gain in 
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“ELEVATED WATER- TANKS” ; 


"reducing tower stress corresponds to a a horizontal load of more than 2000 


fi. The reasoning just given leads to the important consideration that most — 
likely ‘there are load- deflection characteristics much m more desirable: than 

that chosen for this particular study. Thus, it seems fair to conclude © 

from the data obtained ‘that: the ‘same /structural design, equipped with 

— more limber and adequate 


“nomic considerations in choice of design could ne investi- 
ig gated with the funds available. Here is perhaps the most inviting field L ; 
7 for future research, and it should be explored thoroughly if the new type — a 
of construction is to be applied to any extent in ‘practice. 7 eae 
a — One set of tests was made with the amplitude factor increased to 1 10 

to observe the sensitivity. of damped structure to amplitude changes. 
Curve 1 in Fig. 24(a) is a plot of the restlte these tests (frictional 
- force = 7775 lb). o “he maximum of this curve is only about 10% greater — 
- that of the corresponding « curve for amplitude factor (= 1.05), indicat- 
- ing that the amplitude sensitivity has been reduced to a pensonabile value — 
by the damping action (compare Figs. 23(a) and 23(b)). wt 
Limited as the data of Fig. 24(a) of necessity had to hs ile deme 
strate definitely the possibilities of the damped spring- -element type of 
- eetatinetion as a a practical engineering approach to the problem of building 
- eatthquake- proof tank towers, and perhaps some other types of engineer- — 


Earthquake Tests; Spring-Equipped Tower, Tested Motion 
a 8 50° Eb -The effect of the S 50° E component of the Los Angeles motion on 
the s spring- equipped structure was found to be much less than that of the 


earthquake The tank proved to. much more 
gentle than that for the other component that, after exploring the response 


of the undamped 26 structure over a wide range | of time factors, it was s decided 


i 


| (@) MOTION, S 50° EB; TANK FULL OF WATER 


A=1.05Calculated Rog Stress s= 125 


ik, in inches 


Maximum Deflection 


25. .—Maximon DeFLEcTION- Time Factor Curves, Nor 


Los ANGELES MOTION APPLIED aT 45° ae 


sto limit the damping tests to one set (7 420 lb of frictional force). The sig- 

‘nificance of these curves is obvious. (Compare the relative effects of the 
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Tests; Standard Tower, ‘Tested Diagonally,. Motion 8 


50° E. —it was felt that this research would be somewhat inconclusive with 
ont some experiments giving ‘a comparison o: of the dynamical behavior of 
d standard _rod-braced tower with that of a spring-equipped tower unde 
identical earthquake conditions. _ Accordingly, the model was ‘made to rep. 
-— Tesent the standard structure described in connection with Fi igs. 18 and 19. : 
‘The S 50° E component was first applied because it was expected to be the 
gentler of the two. The motion was applied diagonally to the tower to 


allow the safe. deflection. the case of the standard 


tower, the load deflection characteristic is practically identical in all direc- 

tions, so that the tests described 1 herein apply equally well to other 
directions.) ‘The amplitude factor was fixed at 1.05 as before and a set 
tests was made by varying the time factor from 1.28 to 0.96, at which point ees 
a it was | decided that it might be dangerous to the model to proceed farther a 

without reducing the amplitude factor (see. Fig. 25(a), upper full- 
order to o explore the response for s emailer. time factors, the amplitude fac- 
tor was: reduced to 0.54 and tests were made over a wide Tange of time — 

- factors. The results are plotted in the lower full- -line curve in Fig. 25(a). q 


q 


Knowing the approximate linearity of the structure from statical and free 
eee tests, it was assumed that the results obtained with the reduced — 
: amplitude factor could be extended fairly well to larger amplitudes by com- __ 


putation. ‘The dashed curve in Fig. 25(a) _ shows how this assumption 4 


agrees with the facts. This curve was 0 obtained by simple proportion 
“J from the lower full- has “curve, each ordinate of ‘the former bein; 
the corresponding ordinate of the latter. 


Tests ; Standard Tower, Tested Diagonally ; “Motion: N 
d 40° E.—It seemed wise to apply the N 40° E ‘component with the reduced - ‘ 


factor of 0.54 also, because of the danger of overstressing the 
model. Fig. 25(b) is a plot of the results obtained with this motion. ey 


+The upper full- line curve shows the results observed v with the: ampli- 
tude factor set at 54. The dashed curve is calculated from the first 
proportion so as to ‘show the p probable effect of an amplitude factor of 
“4 05 upon the standard structure. The dashed curves in Fig. 25, therefore, 
be compared directly with the curves in Fig. 
reference stress-line reveals a striking» between 
ne of a standard structure and that of a ‘structure with springs al 
damping. It is ‘obvious that under the same earthquake conditions, 
stresses in the standard tower reach values two or three times as ‘great 
in the spring-equipped structure having about 7000 Ib of 
damping. This situation is brought about as follows: : The rigidity of a 
standard tower, by giving it a relatively - short natural period | of --vibra- 
tion, results in considerably smaller earthquake d deflections than are pro- 


a moderately damped spring- ng-equipped with its 
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On the other hand, the rigidity ike a standard structure is so much greater 
han that of a spring- -equipped tower, that beneficial effects of the 
decreased deflections: are more— than offset by the large forces Tequired tu to 


In Fig. %, one is impressed by the small decrease in ‘maximum tank 


the results may be as representing the effect of the 
d 


D : ‘quake upon a | tank structure | having a natural period times that of the 


with square of the tower stiffness, the new ‘stiffness would 


_- Thus, it must be concluded that the degree of direct eaniiingtind that | 
ie is generally applied cannot be expected to insure the ability of the structure r 
withstand the earthquake ‘motions in question. this ¢ connection it 

is interesting to note that if the areas of the rods in the lower two panels, — 

_ Fig. 18, are doubled, leaving the top rod areas as shown, the ie resulting earth- — 

unit stresses” will be increased. by more than 15 p per r cent. The 


ness requires a a “gurprising area of steel. 


chat échioved in the usual “quake-proof” structure, in which no par-— 
ticular attention is given to balanced design. Furthermore, the unit stresses 
a used i in this design were very conservative—20 kips per sq in, rod 
stress at 10% gravity loading. If higher unit stresses are used, the —_ 
period will be lengthened.) Although only the motions of iain particular. 
sion was reached from the results of the application of simple harmonic 
motion in earlier experiments indicates that it cannot be ignored in 
é serious discussion of quake-resistant design for elevated water- tanks, 
strengthening of towers, as now practiced by some designers, does 
generally serve to produce + a better design with sounder structural details is 
a not to be gainsaid; indeed, improvement in that direction is commendable Fe 
:. and ‘much needed. It must not be imagined, however, that the process has 
rational dynamical basis. act od bleow apd? 
_ Earthquake Tests; Standard Tower with Tank Half Full, ‘Tested Diago- 
“nally Motion N 40° -E.—The lower full-line curve in Fig. repre- 
sents a series of tests made with the tank half filled with water. All other — ey 
conditions were kept the same as for the in the upper full- 
curve. 


directly to the change i in mass. Tt is about solely by che 


earthquake were available for these studies, the fact that the same conclu- de 
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period "resulting : from the decrease in “the: ratio of mass to ‘tower 
Had the stiffness — of the structure at the same time been reduced by o one! ; 
half, the behavior would be closely ‘represented by the upper full- line cure 
ee in Fig. 25(b). The dynamical behavior is purely & matter of the natural 
periods of ‘the struc cture i upon its “physical 


‘this is so may be verified by replotting the curve for the half 


full: tank, giving each point ‘same ordinate but multiplying its time 


factor by 2. . This is ‘equivalent t to treating th the results as 
ing to a full tank with a natural period —= times that of the actual fall 


tank studied. — The. gageile will be a curve to the right of Time ‘Factor 1. ; 
i ‘ding very well with the experimental curve for the » full tank, 
NN Extending this reasoning in the direction of added mass instead of — 
- decreased mass, it is evident that unless the tower stiffness increases in 
bes capacity of the tank, the natural period will be 
7 than that of the structure taken as the prototype in the present researeb,: 
which is the same as working to the left of Time Factor 1. 00° in | Fig. 25. 
Keeping in mind the fact that the natural period of the structure tested in 
— studies was about 1.3 sec, with a stiffness 1.44 times that of the . 
= tank, one cannot: the: conclusion that, larger tanks and 


importan to in mind ‘that a intownt initial tension in the 


-rod- bracing can produce a natural period for small amplitudes 
considerably _ shorter than the natural period for amplitudes such as exist 


a 7 during» an earthquake.) Besides, < one must consider the fact that non- 


rigid foundations will. invariably lengthen the period of a structure, which — 
. nnul, partly or totally, the beneficial 


effect of the increased tower 


should not be inferred that the lengthened natural period. brought. 


about by the introduction of spring elements is a desideratum; ‘itself 

it is to be regarded rather as an unavoidable, and not necessarily desir- 
able, effect resulting from the necessity of providing a greater range = 
deflection to the structure. The increased limberness makes it possible to 


introduce damping action into the system and requires a far smaller damp- 


force than would be needed for a stiff structure. 


In 


comparing t the ‘earthquake Stresses in the: 4 


equipped structures one must take account of the fact that, in ‘Nature, ‘the. 
q 2 two components of ground motion occur simultaneously, whereas they were a 


Bulletin, Seismological Soc. of America, January 1936, and IT; also, Spee ial 
Publication No. U. S. Coast and Geodetic Survey, 
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separately in the laboratory work. This of course, that 
the orientation of the structure in question relative 2 to the recorded com- - 
ponents of motion is of importance. Since it is beyond the scope of this 
paper to compare the two structures under all possible orientations, 
writer has chosen to « compare them only when oriented in such man- 
ner that the standard structure has every advantage over the spring- 
study of Figs. 24 and 25 and of the laboratory recor rds shows that, 
recorded -_ground-motion components simultaneously applied 
parallel to the tower sides for both structures, the standard tower will call 
stressed about 25% less than at its worst possible orientation, 
spring-equipped tower is oriented so to receive within of 
3 worst, possible stresses. ‘The comparison will be made on the  : 
stress calculations involve only | analysis, — 
“once the ‘deflections are known experimental data (the gravity 


‘effect must not be ignored in computing ‘the stresses). * The deflections 


tion ‘the. earthquake ‘motion, because. the tower stiffness is 
‘substantially the same all dizestions. The ‘maximum deflections of the 
4 damped spring- equipped - tower, however, will be somewhat greater parallel | 
; to the ‘sides than in the diagonal d direction for the same earthquake motion. 7 
hh the following data, the deflections parallel to the sides are ‘assumed ti to a 
35% greater than the diagonal deflections for the spring tower, which a 
the writer considers a generous allowance, ‘Data are given for the 
in which 1 no such assumption need be made. In the ‘absence of com- 
plete data to determine the value of 35% Jor ‘the writer has set what seems fy 
to be an upper | limit, based on his experience with the system. J He pre- _ 
fers the more direct interpretation of stresses given in the last paragraph | 
of this section, since the element of estimation is there eliminated entirely. — 
For the standard tower under the conditions specified, the rod stress at 
a time factor of 1 would be > more than 28 kips per sq inm.; and for the ¥ 
& ease (P = 0.82) the rod stress would be about 40 kips per ‘sq i in., 
which is beyond the normal yield point. ¥ It i is not necessary to postulate 
any great increase in the violence of the ground motions closer to the 
- center in order to explain the failures which occurred, knowing that few 
. of the existing structures could safely withstand as ‘much deflection as the 
structures studied herein, and that most of the larger ones corresponded to 
time factors of considerably less than unity. ie ad sete 


Bo ‘As a | matter were stretched ‘permanently in a tank 


Tong Beach earthquake, was braced for wind velocity . of 100 miles’ per re 
hr. At that time, it corresponded to a time factor of about 0.9. The cal-— 
culated maximum rod stress for this structure, based on the experimental 
data in Fig. 35, 5 es to be 56 kips per sq in. for an amplitude factor of 


is a 100 000- tank on a 100-ft tower, ond; at the Gale of the 
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‘ELEVATED WATER-T TANKS 


of 00, or | 53 per sq_ in. fi for the earthquake 


easily occur, pes Several other tank structures within | a 


“* miles of the Subway Terminal Building also showed evidence of very ‘a 
high stresses. Since, these cases, there were indications of flaws in 


material, workmanship, or details, they are not cit cited herein as numerical 


‘The stresses set ‘=p in the damped spring- -equipped structure, under e 
1 earthquake conditions “(allowing 85% extra deflection), to 
be quite low i in comparison. With a damping | force of about 
. g (parallel | to sides) the rod stress at a time factor of 1 would be less than 
-:10 kips per sq in. (compared with more than 28 kips per sq in. in the 
’ standard tower). In the worst case (P = 0. ..88) the Tod stress would be 
~ less than 20 kips | per sq in. _ (compared with a stress beyond the yield point » 
i the standard tower). _ Thus, even with a generous margin in favor of S 


the standard s _ structure, the damped ‘spring- equipped tower shows a mini- 


mum safety factor of at least 2 over ‘the standard tower. A 25% increase 
i= in pit would raise this safety factor to above 2.25; or, if a more direct 
interpretation is desired (in which no assumption. - need be made as to 
deflection increase parallel sides), the following will suffice: 


Given a 
tower whose load-deflection characteristic parallel to the sides is the same a3 


that of the tested structure it in a diagonal direction, and given a a 


the worst case 0.88) would be less 


“4 advantage to the standard structure by perhaps: 20%, which was ignored in ; 
calculati the safet 
GENERAL Drawn FroM RESEARCH 


s cedure would be worse than useless ; it might even be dangerous. - Certain 
general conclusions, however, can be drawn from the results of this research 
provided the limitations cautions already s set forth been thor 

(1) The standard type of elevated tank tower use is 

* ‘poorly adapted for withstanding earthquakes of destructive intensity, both 
on acount of the absence of damping action and of i its” ‘inability to with- 
(2) A moderate degree of strengthening does not, and can not, improve ¥ 
.. the earthquake resistance of a standard tower very materially ; that ‘is, if the — 


recorded motions of the Long Beach earthquake of 1933 a be taken as 


and without a careful study of the ‘supporting: text. “Such a pro 


these motions» indicate that a balanced is somewhat 
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better a in the absence of general 
knowledge, of possible earthquake motions, this conclusion cannot, _ of 
~ eourse, be accepted without reservations. (By “balanced strengthening” is 
eant strengthening of the tower bracing members in proportion to ‘the ] 
loads they carry, as distinguished from the common practice of using the 
rod size in two or more panels, The safe deflection of a standard 


need 


-100-ft tower can ‘sometimes be increased as much as s 50% by a a 


(3) It would be impractical to sufficient ‘Safe deflection to insure 
safety of ‘structure under all conditions by using sp springs without 
ip - Given a safe deflection of about 15 in., the undamped spring 
ka tower W would probably fare better, on the average, than struc-_ 
but its safety factor would not be dependable. 
(4) The presence of sufficient damping ina properly designed spring- 
equipped tower gives it a safety factor in stress of at le least 2 over the ya 
standard ‘structure which has been designed for a loading equal to” O.1g. 
Damping also provides a safety factor in the duration of violent motion | 
that the structure can withstand— —a quantity difficult to ‘express numerically — 


but of great importance. damping ‘required it in the particular design 


in scope, and they cannot be 
extended safely ‘to apply to of much greater or much smaller 


| proportions 1 than the tower actually studied. One must not resort to 


in dynamical problems unless one has had con- 


ene } might be 50 000 to 100 000 000- gal capacities and 150 t to 


(6) The of. the proper spring elements does not endanger 
the stability of the tower structure. Considered as a three- 

‘framework, it is “necessary. to investigate the effect of possible dissymmetry 

due to accidental differences .in action between the elements on opposite sides te 

of the tower. Although the model did not exhibit serious torsional effects ‘ 
from lack of symmetry, a good engineering design should specify hori- 

_ zontal panels of light rod-bracing at the strut levels, in order to eliminate 
undesirable twisting effects which might be produced if some of 
damping devices failed to act properly. y (The conventional — spider can be © 

Baffle-plates inside an elevated tank would be detrimental within 
‘the limits of the tank size specified in Conclusion 


5 (8) For designing structures within the foregoing prescribed limits: of 
: size, the following rules should result i safe design : 


Design the structural frame for a static horizontal one-tenth 
cee the weight of the tank and water applied at the center of 2. 
the tank. _ The columns and struts should 
the rod- bracing would fail first if the ‘structure were 


— 
— 
— 
— 
— 
is 
ia 
— 
— 
— 
i 
eral — 
— 
— 
— 
— 
— 
— 
— 
4 — 
— 
— 


“ing 


a set of that, with the initial | compression 


ws parallel to its sides before ‘the s springs close. 


(2) Design the stiffness of the springs such that at the point of closure 
horizontal load is approximately equal to. the design load 
Design the individual spring elements so that the total tower deflec- 
is about equally distributed between panels (to weld 


“vee that the bending stresses in the tower members are not poner 
te pin-connected struts if “necessary, and ‘reduce eccentricity to 
absolute minimum. riser ‘pipe should be equipped with 
oa flexible joints if necessary and must be able to follow the tower 


The should be such that the energy dissipated by 
Kat -damping during a motion of the tank ‘(parallel to the tower sides) 


by 


its equilibrium | position out to the maximum safe deflection as 
and back again, is approximately equal to 50% of the energy 
elastically when the at the ‘maximum safe 
deflection (parallel to the tower sides). 
The total damping» force should be ‘distributed among the spring 
‘elements in proportion to the stresses. produced in the various 
rods by a static horizontal load at the center of gravity of 
tank, The damping force: “need not be ‘same for an outward 
election as for the return to equilibrium, but that for. the 


stroke should | exceed about 85% of t the 


= 


23 


4 
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would be a good rule to make the force oman 
toa tank velocity of 30 in. per sec, to the base) not 


_ Relation of ‘Tank } Deflection to Ground Motion. —The_ graphs in Fig. 26 
are reduced tracings of records ‘made by applying the Los Angeles 
40° to the undamped spring tower, the damped spring tower, and 
the ‘standard tower, respectively. ~The ‘time factor is nearly identical 
all eases and the scales given are self- explanatory. careful study of 
the nature of the tank motion relative to the ground motion in the three 


diagrams will be found helpful to. those who are ‘not w 


dt t 
| 
— 
‘ 
a 
— 
— 
— 
— 
f a 
4 
— 
— 


In t 
tank response and 
equal to the mass the tank wat ter ti imes the maximum ground 4 
eration can be used for design against earthquake is seen to be 


ef 


LAL, Motion 


TOWER WITH SPRINGS; DAMPING FORCE, F; 7775 POUNDS; 
AMPLITUDE FACTOR =1.08; TIME FACTOR =1.01 


| 


AMPLITUDE FACTOR =0.54; TIME FACTOR =1.00 pl 


‘Fro, 26—Tyricat Recorps, Los ANGELES ‘Morton, N 40° ba 


Next to be observed, is the serious consequence of the lack of damping © 
shown in ‘Fig. 26 (a) and ‘Fig. 26 (c). In both cases, the structure 


times to vibrate. vigorously after the main ground motions have subsided. 
is "The cases chosen for discussion are by no means the worst observed in this 7 
‘respect; on the contrary, they are quite typical. What might have happened 
a had there been several more large ground swings immediately following 
those in | the early Part o of the Long Beach earthquake ¢ be conjec- 


tank vibrations shown in Fig. 26 (a) and ] Fig. 26 


hb. It is to be regretted that the accelerograms taken in Long Beach proper 


5 could not be completely analyzed because of the overlapping of the com- 4 


ponents on the record. Consequently, there i is no rational method by 
which to estimate the relative intensities at Long Beach and Los Angeles — 
except by comparison of destructive and this is admittedly not very 
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ual 


Coast. desirability. of adopting a generous real ia 
Fig. 26 (b) the: beneficial effects caused by the addition of. a moderate 
Bee force are clearly shown. Comparing Fig. 26 (a) with Fig. 26 (b) 
and noting that the damping is the only variable in the testing conditions, 
one ‘observes not only a very large reduction in maximum tank deflection, 
> _ also a quick decay in the vibration after the violent ground motion i 
ia, subsided. Thus, there is a double benefit to be derived from . the addition — 


of damping. ' The structure is enabled to withstand the violent 1 motions and = 
is quickly made ready for more shaking if it should come. 


an 


acteristic: ‘was investigated in the tests of “the: apring- towee, 
a would be remarkable indeed if this should prove to be the best possible char- | 
acteristic. The effect | of design variations in spring ‘Stiffness, initial 
pression, closure point, and the corresponding variations in required 
3 damping force need to be thoroughly investigated if the maximum economy 
is to be attained. — For ‘example, consider a tank of 150 000- gal capacity on 
- a 125-ft tower; it would undoubtedly prove far more economical and just hs 
as satisfactory to deviate widely from the rules stated in General Conclu- 
sion (8), if the - necessary information were : available for ‘guiding the design. 
_ Extremely Large Tanks.—The question of what procedure to adopt in 
the case of very large tanks is to be answered only by | research especially — 
directed to that end. As the “diameter of the chell increases, the ‘surging 


bserv 


observed in the present study. is quite possible that baffle-plates- may be 

found necessary to prevent dangerous stresses in the shell in some nomi se 

> Size of Riser Pipe. —It has been assumed in the foregoing discussion a 


that the riser pipe is small (say, 6 in. to 12 in. in n diameter), so. so that if a 
- made of steel and provided with flexible joints, if needed, it can be foreed 
toc to the configuration of the swaying tower during an earthquake. 


Large ‘risers, which in effect ‘tend act as sta nd-pipes of considerable 
_ stiffness, would be rather difficult to provide for in the spring type of con- 


‘The very considerable vertically distributed mass of water 


large: risers presents a problem to which the results thus far obtained 


The Element of Chance. —The extent to which pure chance enters into 
the destructive effect of earthquakes is perhaps not generally appreciated: 
‘The orientation of the structure relative to mis direction of the most violent 
motion; the location of the structure in the shaken Tegion; the relation a 


acteristics of the. “system may be entirely different the characteristics 


the ‘natural vibration period to the frequency spectrum of the earthquake; 4 
defects; characteristics of tower parts at stresses beyond 


_ the elastic limit—all these are factors vitally affecting the behavior of the a 


if = 
SS and all are matters of chance ‘over which the engineer has no 
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undertaken. to > formulate rules based: upon field — of the effects 


has led of engineers to accept, tentatively, the 
tule as satisfactory for elevated tanks. on 
Now, had there been, say, forty or wr fifty tanks of random sizes designed — 
by this rule and ‘a like number designed | for wind only, and had they all | 
been fairly well scattered over the destructive region, then there would be 
real basis for drawing conclusions to the superiority of one type 
the other from field studies. matters stand, however, about the most 
that can be concluded definitely from examination of the effects of the 
z Long Beach quake is that certain tanks did fail totally or partly; and, Ae 
"examination of the structures, weak points in the details can 


‘Tanks for Municipal Supply. ta that municipal 
storage tanks are small enough to come within the scope of the research 
described _ in this paper. As far as importance to the community as a 
whole is concerned, these structures should receive by far the most serious 
consideration. Tt is to be hoped that it will be possible some day 
extend present knowledge to this vitally important field. 


‘The wi to on gratefully the helpful 
all who have contributed to the success of this research project. 
The Associated F: actory Mutual Fi ire e Insurance ‘Companies and the 

Freeman Engineering Corporation “initiated the research and helped to 

make possible all the e investigations described in Part | also contributing 


very considerable sum toward the construction of the new _shaking- table. 


lack of dependabl design data and questioned the propriety of coiielng 

of- thumb design ‘methods unless they « could be shown to produce safe 

structures, Their helpful and sympathetic attitude has been a source of 
_ inspiration as well as a means of keeping the work on a firm practical basis. 
8 Thanks are are due to ‘the ‘Chicago Bridge ‘and Iron Works and ¢ to . the 


Pittsburgh Des Steel Company, which provided a _Targe part of 
_ tet funds | for the experimental work described in Part II. These funds 
7 were given for the purpose of increasing current knowledge of earthquake 
a tects upon tank structures, with | no thought of financial gain except t to rt 
U. S. Coast and Geodetic Survey has invaluable aid i in 


0 ground» motions and on t the hav vior of actual str 


data he behavior al 
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in California , including the | data on the Long 


tien of she: table and for the for. 


duration of the entire research, the Institute has carried by far the greatest — 
part of burden. Thee Division of Industrial 


Especial | thanks are the four engineers without Whose loyal 

guerre ‘and hard work this research project could not have been carried i 

4 out with the same degree of economy and success—Messrs. , Chester H. Bs 

Hosmer, Albert L. Grass, George Parmakian, , and 1 George | W. all 

_ _The data in Table 1 were computed by Mr. H. A. Sweet, Engineer with 

_ the Associated Factory Mutual Fire Insurance Companies, of Boston, Mass. Jags am 

—- Figs. 8 and 9 are reproduced from the drawings used in securing the 
‘patents, which are to be administered on a non-profit basis by that organiza- fe 
tion. _ These patents cover the general concept of applying spring element 

— to engineering structures for the purpose of increasing their resistance 

— The purpose of these patents is to make it possible 


construction ; otherwise, no restric: 
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N. H. Heck M. Am. Soc. E. (by letter)—During recent | years 

attention has been given to earthquake-resistance design of structures. ~<a 
several places these investigations have been supplemented and based largely 

4 - upon + the results of tests of models of the structure on a shaking platform. ig , 

¢ At the Massachusetts Institute of Technology, at Cambridge, Mass., a light 

model can be tested on a platform which may be put into any desired kind © 

motion, including the reproduction of actual earth motion. 

— indicated in Professor Ruge’s paper the U. S. Coast and Geodetic — 

Survey has not only made it possible to reproduce the earthquake 

through double ‘integration of the acceleration records Long 


4 platform tests of the accelerometers made in May, 1937 7. Although the = 
a records have not yet (1937) been studied the results appear promising. Hou, Me 
In outlining the special problem Professor Ruge has performed a service 
which extends to a wider field” in showing that the earthquake manifests 
we itself a as inexorable motion rather than as direct force, ‘and that the forces" . 


exerted depend primarily on the characteristics of the structures undergoing 
the motion. The complexity of his apparently simple problem becomes 
. obvious when pointed out and indicates the important place taken by tests — 2a 
of a suitably designed model on a shaking platform. 
The validity of the term, “artificial earthquake motion” (see e heading, 


Artificial Earthquake. Motion ”), may be questioned. 


4 - fessor Ruge has in mind that no earthquake record is yet available that 
contains the wide range -called_ destructive periods, so he uses the 


ox yet it possible to integrate all the strong-motion that 

= it has, : and until this has been done the record « cannot be applied to con- 

= & trolling the motion of a shaking platform. - Lack of personnel has prevented 


this work and a special effort is being made to find whether the records — - 
can be integrated by the differential analyzer at the Massachusetts Institute 
of Technology. Furthermore, Frank Neumann, Seismologist, S. Coast 

and Geodetic Survey, is developing a torsion pendulum analyzer which 4 


deals with the problem. Attention may be called to the fact that 


to record the greatest. possible range of earth motion, twelve instruments 
are equipped with a double- -magnification system so that if ‘the instrument 


. : survives a record will be obtained even if the acceleration is 0.5 g, or more. nF : 


7 Div. of and Seismology, U. S. Coast and Geodetic 
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el is anxious that every ‘possible application be made of the information zh 


Nevertheless, it must be remembered that it is not engaged in struc 


tural design. some respects this may be inconvenient for the 


in future. the writer will not discuss Professor 
‘Ruge’s proposed design further than to state that the Long Beach earth- 
- quake proved the inadequacy of present design to resist severe earthquakes 

and that these structures will have to be designed in some other way in 


~j od No exception is taken to Professor Ruge’s remarks : as to the element 
chance (see heading, ‘ “Element of Chance ”), except to note that 

fails to emphasize one element that may be the key to the great variety 

of observed effects—the varying conditions of the geological substratum. - 


This ¢ can cause in in the periods ¢ and | amplitude of the “motion on and the 


motion of a “unique forination. » by 1309 


ag 


Mason A. Esq. (by letter) —Being of interest not only to 
the limited number of designers who specialize in the elevated v water tank, 
= but to. those who are called upon to design steel structures carrying heavy Re 
loads at the top, Mr. Ruge’s paper, of course, has a broader ‘application a 


than the title indicates. Among these steel structures, instance, 


f ‘viaducts ; with a heavy deck traffic, towers in chemical plants carrying - 
tanks or machinery, elevated storage bins, hoisting towers with heavy 
sheaves or r hoisting | engines” at their tops, ete, 
= The water tower, or rather the tower carrying the elevated 
the author shows, is further po assoc by the action of the water surges. — 
Therefore, is necessary to consider as superifhposed the natural 
vibration period of the tower the period. and amplitude of motion of 
ground due to the earthquake and the period and momentum of the 
water.. rational method of designing the structure would require the 
evaluation of the stresses set up by these three motions. 
‘Whether or not such a mathematical analysis is possible, it is highly 
desirable that the conclusion be checked by experiments 1 with a actual models, © 


and it is fortunate, therefore, that the apparatus for conducting such — 
2“ Barthquake Investigations in California, 1934-35,” Special Publication No. 201, 


and Mech. Engr., N New York, N. Y. 
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STONE ON ELEV ATED WATER-TANKS- 


‘This. paper ‘must be considered as a progress report of 
= experiments. It is valuable: (1) Because it demonstrates the errors in- 7 
Va herent in designing from the simple theory based on a constant accelera- 
P= ; (2) because it indicates the difficulties and e expense > of attempting 
to problem -by increasing the stiffness of the tower; (3) 
- because it suggests a mechanical solution whereby the structure, within — 
eertain limits of height of tower and capacity of tank, may 
» flexible enough to absorb the stresses; and (4) because it reveals the _ 
tendency of the tower to continue vibrating in resonance with the earth-— g% 
quake shock, or after the earthquake shock has ceased, and shows how _ 


q 
be safe. However, the paper no "solution for the 


of designing the elevated tank tower. The stresses in the tower are the a: 
result of the auplitede of the vibration at the top, caused by the period 
and amplitude of the earthquake ‘motion, and motes by the 1 momentum 


of the water in ‘the tank. Tt Baw bP 


Although the stiffness of the tower may be computed, its period of 4 
vibration depends on the initial stresses set up 1 in the members during the 4 


erection and the | stresses due to the weight of. water in the tank. Fortu-_ 


nately, reports are available containing data on the stiffness and period 
of vibration of a of tank structures. In this however, 


for the tower would seem ‘indicated. “On the ‘other hand, for a ‘struc 
ture of uniform strength to resist a horizontal force at the top a parabolic — 
curve concave on the outside is indicated. This form is approximated in 
the design of the towers for the “support | of high-tension transmission lines. 
‘The tower with a wider “base also recommends itself in connection with 
ts ‘There isa _ considerable ‘record of the magnitude and velocity of earth- 
‘ quake motion, but it is not readily accessible to the ordinary structural de- - 
_ Signer as it is contained in the reports of the Imperial Japanese Earthquake 
Commission and the Seismological Society of America which are not to 
be found in the average library. It is regrettable that Mr. Ruge did not 
inelude some statement of the period and amplitude which might be ex- 
in earthquake motions. His statement that there was only a record 
of one ‘earthquake available for study (that is, for cutting the necessary 
optical cam) might have been amplified by the explanation that the or- 


inary seismograph | does not give the nece ssary y information; an accelogram 


— 
‘ 
— 
— 
— 
— 
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| 
designated as the standard design is a very poor one from the 
earthquake resistance. _ Apparently, the batter of the legs ‘was, considered 
solely from the standpoint of resisting the overturning moment due to 
a 
— 
— 
a 
i — 
; 
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othe the: tank under consideration, the action of the water is shown to. ‘ 
a dampening effect “upon the vibration of the structure, this 4 


profitable line of invedtigntion to determine the. set 
up | in water tanks of various proportions and capacity, at least for Brito 
harmonic motions. At present, the p proportions of the tank are usually 
determined by the most economical use of the material. 1 
ob In this connection iti may be suggested that waves set up by using only 
: one component of the earthquake motion at a time may not. be repre- 
sentative of the actual action of the water during an 
doubtedly, the actual motion of tank is roughly elliptical. Instead of 
being reciprocal, therefore, the wave would have a circular motion around 
the tank; it might have a different’ period and might raapfime 


forces from those determined in experiments using only a "reciprocal 

_ When more is known about the action of the water, ‘it may be possible i UZ 
to determine optimum proportions of tank and tower for the minimum of 
be vibration. The possible effects of the riser pipe also appear to merit con- te 
sideration. t Of course, if pipe— is secured at the bottom of the tank 
and to a foundation in the | ground, and if it is also tied to the » ‘tower by 

horizontal braces at the panel points, a vertical column > of water will y 

somewhat reduce the center of gravity of the system as a whole. - Further- =a 


-more, the stiffness of the pipe will add to the stiffness of the structure, 
although not very materially as it is situated at its neutral axis. In this Pre 
1 ease the stresses in the connection at the bottom of the tank and the foot 2 
aos elbow on the foundation | should be investigated ; but the | pipe itself might — r. 
be expected to resist any deflection that the legs of the tower are called ne 


has to the writer, however, that if the pipe is provided 
- with a universal joint at the top and swiveled at the bottom connection 80 = 
that it) may swing freely as a pendulum, its natural period will probably | ced: 

be different from the structure ‘as whole and that of the earth: 

and, therefore, it may have a beneficial dampening effect. ‘This = 
occu rred to the Japanese when building | pagodas. They introduced 
¢@ heavy timber ‘suspended from the top and appear to have had beneficial 


idea of designing a structure 100 ft high to withstan nd a de eflection 


at the top of 15 in. is somewhat startling to a structural - ‘engineer. "The 
secondary stresses at the ex connections between the horizontal struts a 


legs would have t be given careful consideration ‘unless’ the author’s sug- 


gestion of eliminating them by connecting the struts was” adopted. 

_ Furthermore, the stresses in the riveted ‘connection between the tank and 
legs may possibly be relieved by the deflection of the sheets, but 
action might result in the failure of rivets, or sheets. 


tons 


The author’s conclusions for the design of "tanks and structures within 


limits indicated “appear. to be valid. course, the damping device 
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would have to be one that ‘would not be affected by “frost: would 
jorate with age and neglect. Yo 


4 


©. M. Am. Soc. C. E. (by letter) By his 
directed efforts, Mr. has developed useful informa- 
oe tion in a field where it is much needed. The following excerpts from his \ 
‘The type of tower now in common use was not See 
earthquake resistance, * * * ; there is no reason to accept it as the ideal — ail 
strueture for withstanding earthquake motions, which actual experience 
4. and repeated laboratory tests have proved it certainly is not.” (See head- s 


on the tindanaliaii designs are those which seek to give F 
the structure adequate quake-resistance by providing an extremely stiff or >) 
tower. * * * If the natural period cannot be reduced about 
see, it is doubtful ‘whether the tank is very ‘much more likely to cree 
z violent earthquake than a standard design built for wind resistance only.” [. 


7 bh (c) “The natural conclusion from a prolonged study was that, barring 4 
fantastic and impractical designs, the best way to obtain adequate quake- — 


4 Research Engr., Chicago Bridge & Iron Company, Games, aoe 
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BOARDMAN ON ELEV ATED. WATER-TANKS 
resistance is to provide the tower with a greater range of elasticity ; that 
: is, if the tower can be built so that the safe deflections are large e enough, © 

there will be no danger of failure. ” (See following Table 1.) — ie 
(d) “There are general methods of increasing the “allowable 
elastic deflection range of a structure such as a water-tank tower: (1) By | 

- making the tower of some type of open framework in which the forces — 
| - resisting: deflection are produced by bending stresses set up in some or all 

of the members of the framework ; and (2), by artificially increasing the — 
~ allowable direct-stress deformations of some or all of ‘the members of a bt 
statically determinate tower.” (See following Table 1. 4 
Taken at its face value, Excerpt (a) suggests that towers of the con- . 

ventional type be not used in earthquake zones. Apparently, the author a 

did not intend to convey this meaning. _ Nevertheless, it is well worth 


careful consideration, | since other commercially and structurally satisfactory 
= (b) states that: a very stiff tower would safely resist earth: 


quakes, but that such a tower would uneconomical. In this 


ACE 


| 


It is stiff, but, nevertheless, offers promise of economy. 


type of structure ig. is offered for consideration. 

Excerpts” (c) and (d) the author’s that_ the most 

*i practical method of providing, earthquake protection is to ate ‘the tower i. 

~ flexible, either by use of an open framework with the members subjected — oe 

& bending stresses, or. increasing the direct stress deformations ce 


some or all of the members by the use of springs or similar devices. It is . 
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ms ULRICH AND CARDER ON ELEVATED WATER-TA 

to -re-emphasize what t the author has stated, namely, ‘many 

tanks and towers of the conventional design have withstood earthquakes 
7 aa little damage, except the breaking or stretching of some of the rods, 
oe which were easily replaced. Why, then, would it not be feasible to use 

& longer panels and incline the rods more steeply, so that greater horizontal 

translations of the tower would be required to stretch the rods to the 
yield point and through the plastic range? Fig. 28 ‘is offered as an 
mle of such a design. Over a period of years, springs would almost — 

surely be subject to serious maintenance troubles, and, therefore, they 

should not be used if designs not requiring them can be developed. —‘#i ‘igs. 


29 and | 30° designs of the open type, without diagonals or 


a 


| 
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nature of past ‘earthquake design, Professor Ruge has upon 
subject which is | of considerable interest and for which a large amount of 

observational data has recently been obtained. eer rhe 

The strong- “motion records ‘obtained by the U. ‘s. Coast and Geodetic 
Survey show the complexity of earthquake motions. The Los Angeles 
record of the Long Beach shock (used by Professor Ruge) shows periods 

ranging from 0.12 to 4.8 sec with only a few periods greater than 2.5 sec. 17 

Only a few periods: were of the same order as the fundamental period 
5 this particular tank - which was later measured and found to be about 15 
tae Coast and Geodetic Survey has made vibration observations on nine- Eo 

aa teen selected steel water tanks having capacities of 50 000, 75000, ‘and 

100000 gal, and an elevation of 100 ft above the ground. _ Vibration ob- 

other tanks, including the prototype of Professor 

Ruge’s models, have also been made.’® For the most part, however, this 
av discussion will be confined to the nineteen tanks selected for comparison 
} at the time the tests were made. All the tanks were filled or nearly filled ne a 
periods of vibration have been recognized : 00, 250 

‘tion which has periods ranging from 0.95 to 1.75 sec depending on the 

effective water load, the soil conditions, and the: elastic ‘properties of the 
tower. Other: things being equal, towers reinforced from 0.08 to 0.15 g for 
‘side loads have to 30% Tess than standard towers: 


periods: as high as 20% towers’ on firm ground. 

Chf., Field Survey, U. Ss. Coast and Geodetic Survey, San Francisco, 


Asst.  Obecever, U. S. Coast and Geodetic Survey, San Franc sco, ‘Calif. 


Destructive Earthquake Motions Measured for First Time,” by N. H. a 
rank Neuman, Bugineoring News-Record, June 22, 1933. 


201, p. 75; and 
by Carder, Bulletin, Seismological Soe. of Vol. 26, No. 1, January, 
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range of some of the ‘peselhily. debtvastive earth waves as observed on ac- 
celerograms of the Long Beach earthquake. alt is to be understood that t 
periods of these tanks apply to low- -amplitude: vibrations, On the 
= _ tanks where some of the tie-rods went out of action or failed during the ey 
earthquake, the periods undoubtedly became variable and much longer, ae- 
cording to Harry A. -Williams,’® Assoc. M. Am. Soe. C. E., perhaps in 
‘sufficient amounts to throw the structure out of resonance with the 
“earth. Broken or. stretched tie-rods would further serve temporarily to 
damp the structure. On the other hand, if the rigidity of a tank tower 
is to be. increased, the purpose should be ‘to strengthen the structure. 
to its period, destructive earth waves have known 


during the ‘October 31, 1935, at Mont, 


“was associated with periods of about 0.15 sec, even though a wave witha | 
1-see period was also in evidence. Long Beach, waves having a 

(2) ‘Rotary or torsional vibration has been recorded on all: ‘tanks this 


group. Observed ‘periods | of ‘this type of usually range from 0.80 


water within the tank does not partake in this type of vibration. 
Torsional vibrations of water tanks ‘should be overlooked in 


also on the type of soil. It is pags of the water load because 


me 
(8) A period of the order 2. 7 sec, assigned by Professor Ruge to — 
ing motion of water within the tank, has been | recognized on several tank- . 
tower vibrograms. Observed periods are 2.63 sec on one 50000-gal tank, 7% 
3.0 ) sec on two 75 000-gal tanks, and 2.85 to 3.0 sec on five 100 000- -gal tanks, zi 
One | of the 100 000-gal tanks which had bracing to withstand an 0.08 g 
- gide load, had a period of this order, the same as similar standard ‘tanks, 
leone the belief that this ‘period is due to water motion in the = 
However, the observed periods on tanks having | different capacities cannot 
be explained satisfactorily by simple gravitative oscillations of water | within 
the container. | F urthermore, a supposition. that water in the tank re- acts = 
on upon the t tower in such a way as to produce a | period rene the 


a to reduce its period of ‘vibration is not 
the entire solution to making tank more resistant to earthquakes. Tt 
is quite | possible to have the reduced periods of the tank equally as | 7 


Dynamic Distortions in Structures Subjected to Sudden Barth Shocks,” by Harry 


‘Williams, Transactions, Am. Soc. c. E., Vol. 102 (1937), p. 838. 
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AND CARDER ON. “ELEVATED WATER- 
or more so, than the ‘original periods, the reduced 
z period happens to be close to one of the destructive ground periods. fii 
It might be possible to avoid resonance between ground and tank, if ‘the | 
ae had a definite fixed period and if the destructive ground periods for a 
that particular location are known. To date (1937) information on de- 
structive ground periods is too meager to form any definite theory. Ob- 
servations made by the Coast and Geodetic Survey show that tank periods _ 
fluctuate with different types of ground and with changing tank conditions, 
F such as depth of water in the tank or looseness of tie-rods. Tests” on one 


tank showed that the period varied from about 0.36 sec for an empty tank 
to about 1.0 sec for a filled tank. In another case the period was 1.44 sec 
with tight tie-rods and sec, or more, with loose tie-rods. ot 

question of merits or objections of spring which 


‘Ruge proposes t to introduce in the tie- rods, is a structural problem and’ Gs 
beyond the scope of this discussion, but there is little r room for doubt that . . 
provision for some kind of damping will reduce, materially, the earthquake _ 

i hazard of any structure. T That standard elevated water tanks” are poorly = 

damped has been demonstrated on several of these structures on which a 

es side force of 2000 to 4000 lb was suddenly released and the resulting : 

vibrations recorded at the platform of the tank. The ratio. of two s 

eessive amplitudes (damping ratio) towers with taut tie- rods is never 
more than 1.02. One tank tested in this manner had loose tie-rods and 

the damping ratio was higher—about 1. he translatory period of the 

a ef latter tank at first was 1.74 sec which decreased to 1.65 sec as the ampli- — 

tudes became smaller. A minute after the release of the side force, vibra- - 
tions due to elastic properties of the tower became subordinate, and a mo- 

Ec tion with a period of 2.85 sec was dominant for several minutes until the 

“4 end of the record. If the idea is correct that this longer period is con- 
tributed by swinging action of water in the tank, it appears that this type 
- motion continued long after structural vibrations had diminished to 

normal amplitudes. Later, the tie- rods- of _the tower were tightened and 
the tests were repeated. The period was then invariable ‘at 145 sec and 
(ene vibrations disappeared much more slowly, and the longer 2.85-sec 
period was not recognized on . the record. ; 

‘The s statements in the paragraph should be interpreted 
“ an argument in favor of loose tie-rods in existing structures, but it does 
seem that so some method of breaking up the high resilience of these struc-_ 7 

tures, without destroying their resistance to dynamic side loads, is desirable. 

Ti is possible that Professor Ruge’s idea of spring elements, with — ; 


~~, 


is unfortunate that more earthquake data are not available and that 
Professor or Ruge ‘was unable continue his tests under a wider range of 
conditions, However, additional tests would probably show results -com- 
parable to this series. The errors of ‘small models cannot be avoided and 
doubt they are within: the limits of err error of: present- structural science. 
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constructed so that comparisons can be ‘made with the “present design, 
wan their relative capabilities te withstand earthquakes ¢ ean be determined. 
C. _ 20 ° Assoc. M. An. S Soc. C. letter). —Attentio 


studying the problem recognize of in con- 
ining its efforts to collecting data needed for design rather than engaging — 
in the study of design itself, since it thus performs a n needful service that 
could not be done adequately by any existing private institution. Further- 
_ more, the desire to avoid attempting to prove particular theories gives to 
work impersonal cl character which adds tremendously to its value. 
The writer hopes to extend the a analysis" of earthquake records in co- 
operation with the Coast and Geodetic Survey along the lines discussed phy 3 
Captain» Heck, and preliminary work in that direction has been in progress 
f for some time. It may be stated herein that the present type of strong- 
- motion accelerometers has been shown to give reliable onadiie and that a 
convenient means of analysis by integration has been "developed. Bits 


Mr. Stone notes that the damped spring-element concept can be extended — 


4 


to many other structures. In fact, the patent covering the device 
does enumerate such uses, and there is every reason to believe that. it Sik 


_ could be applied satisfactorily in many instances where important struc- — 
. tures must be protected against earthquake motions, although the details 


of the application would be varied considerably to suit individual cases. 
The statement of Mr. Stone to the effect that the period of. vibration 
_ depends upon the initial stresses in the members perhaps needs to be quali- #3 
fied somewhat. It is true that for very small ‘amplitudes the period is 
considerably affected by the initial stresses in the rods. As soon as the Ae 
| amplitude r reaches values of some importance (say, more than 0.25 in.) the © 
initial tension has ver; very little effect. upon the period—in- fact, any earth- 
quake of destructive character will necessarily induce amplitudes large 
enough to m make the dynamical effect of initial tension negligible. 
The e comment is made by Mr. ‘Stone that the type of tower selected for 
h experiment is a poor one from the standpoint of earthquake rein, 
_ and a broader tower base is suggested. The tower referred to is of a com- 
‘mon type and represents what is considered gdod practice for _ sprinkler “4 
mie of moderate size and height. _ Although a wider base might be desir- i 
for optimum efficiency, one cannot, in general, make the base spread. 
-—- very great unless the efficient use of the plant proper ty is of no importance. — 
Of course, the geometrical shape of the panels does not directly enter into 
= dynamical conditions stated in Conclusion. and the will 
to of a Statement of the _and be 
expected in 
ia — 


vers ust. of Eng. Seismology, Mass. Inst. Tech., Cambridge, ‘Mass. 
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ON ELEVATED WATER-TANKS 


Lee JIVID JO VAS 
kind is slnent certain to be misinterpreted by the very readers it “> 
intended to help. A glance at the ground motion shown in Fig. 26° will 
perhaps serve to make this clear. 
‘Mr. Boardman has suggested several interesting for tank towers. 
‘Such designs are probably best suited to large capacity tanks and, as such, Pier 
:- a very special interest, since for these types the ordinary spring ele rn 
ment design would be uneconomical or The arrangement 
shown in Fig. 28 would be well suited for ‘the introduction of | damping 


devices in the diagonals, and a careful design of the columns might permit 
large deflections. In such a case, the. columns might. be stiff enough to 
‘most, if not all, of the ‘action and the -eould be 
simple friction devices, 
The point regarding the use of steeper slopes for the ‘to ebtain 
maximum: of elastic tower deflection is well taken, and if the economy is 
thereby destroyed, the dynamic design is Rods of 


that some damping would be in any event the structure « can 
6 safely withstand extremely large deflections, and that there is no cheaper — j 
of improving the dynamical behavior than by the introduction of 
‘damping. The presence of the springs in 


| that could take the form of friction devices a 
light diagonal system, the | spring” action being provided by the columns. 


tower such as that in Fig. 27 would have to be as a short- period 


and no data exist for obtaining 
Messrs. Ulich and Carder have contributed a helpful discussion to 
“paper. field tests “made by the U. S. Coast ‘and Geodetic Survey were 
“most helpful in the interpretation of the laboratory results. 3 “may 
‘stated that the model periods agreed with | the ‘prototype periods as closely 
. bi could be « expected, and that the differences can ingieally, be attributed 
largely to the degree of initial rod tension in the field. _ '. pee: iscmghygTR* 
question of torsional vibration is properly raised, but the writer 
x the opinion that even in conventional towers it would be only a 
ondary effect, since ‘it would have to. be set up principally by whatever lack q : 
symmetry exists” in the. structure. In a structure equipped with the 
‘proper sp spring elements any torsional vibration would be quickly damped 
a out since the elements come into action from torsion as wall as from linear 
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By NAGAHO MoNONOBE Am. Soc. C. E. 
Discussion By Messrs. ©. Srevens, Cuestey J. 
Kauinske, Boris A. BaxnMererr, Srein, anp Nacano 


Most of the formulas toe water and 
‘ curves in open channels, are applicable only to channels of simple wagered Arey 


cross-section. Moreover, these formulas usually yield inaccurate results — 
because in their derivation the effects of variation of velocity head are neglected, ay ear 

4 or the coefficient, C, in Chezy’s mean- ‘velocity formula is considered constant. ee a ¥ f 
q In the present study, rational back-water and drop- down formulas are derived in 
such a manner that they are applicable to a wide variety of commonly used 
oss-sections. These formulas are based on accurate mean- velocity expressions 
of the exponential type, and make full allowance for velocity-head effects. The ~ a a 


§ results of numerous tests in experimental channels are presented, and — 
_ these results are compared with values computed | by existing formulas and by 33 i" 


the new formulas derived by the writer. Ina ‘thorough _ treatise entitled 


“also introduced the hydraulic ‘exponent to express the chareoteriation a 


channel | cross-section. The writer’s manuscript was prepared independently 
and has the merit of simplifying the computation in its application to various 
“cases. ‘This statement does not imply a a criticism ‘of Professor Bakhmeteff’s 
treatment, but is intended merely to establish a line of ‘demarcation, in % 


a the hope that discussers will avoid « confusing the two treatments. = 4 


1. —FUuNDAMENTAL Formu.as ror Back-Warter anp Drop-Down Curves 


In a channel having constant discharge, uniform cross- section, and uniform 
oa the flow is said to be non-uniform if the water surface is not parallel 4 
to the channel bed. In this case the longitudinal profile of the water surface 


Note.—Published in May, 1936, Proceedings, 
1Director, Experiment Station of Public Works, Home Dept. Prot., “4 
Civ. Eng. Dept., Tokyo Imperial Univ., 
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the straight-line seelll for uniform flow at the given discharge If concave 

upward the curve is called a back-water curve, and if concave downward it is” 
t= a drop-down cvrve. However, the same differential equation is appli- 
oe, cable to both cases, the difference being only in the boundary conditions. 


= The determination of the qumaee profile for cases of non-uniform flow is 


‘3 Placing the origin of —— 207) 


the co-ordinates at any Yo 
section of the channel, —_ 


lowest line of the channel 
‘ Ded (positive i in the down- 


axis, 


equation of ination for non- is as follows (see Fig. 1 


= slope of the surface when the flow at ‘non- 


= slope of the channel bed = slope of the water surface for wie 
form flow; D= depth of w water at Section a for non ~uniform £ flow; | Do = = depth ; 4 


uniform; So 


of water jhe flow; D = = depth of water at weir; D, = depth | of 


= hydraulic radius at Section z; 7 
a correction factor for velocity 


=, say, 17,20, 


general type of mean formula is ai as 

pg in which p = 0.5 in most cases, and S; = the slope, S, defined by the frictional a 


4 In the Chezy velocity Pe yee varies s considerably with the depth of 
and, if Equation (2) is substituted in at 


— 


in Which Q= discharge ; and = hydraulic area. weet 


Equation if So 


7 takes the form of a curve. If the flow is o: uil” type this curve | 4 a Bis - 
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and z can be found by solving either Equation (3) ory 
and C do not vary. Since they do vary for rivers and 


more either Equation (3) or Equation (4), than 3 


from Equation (1), since the latter must be solved by trial. 


in the channel, Q, being constant, Sin ‘the velocity formula 
‘(Equation (2)) is expressed i in terms of the hydraulic radius, R, corresponding 
to” the depth of nd of the Toughness coefficient or velocity 
in terms a the area, J A 


for a fixed section, A and R can be expressed in terms of D, the depth of 


water. Consequently, Equation (4) is a differential equation that combines 


and on the shape of the cross-section. Henee, the back- water, curve derived 
by integration is necessarily subject to these two factors, 


a: In determining the back- “water and drop- -down curves, therefore, it is essen- 


sideration and to establish the relation between D and R as accurately as pos: ee r 


able, Many of the « existin g formulas are deficient in one or both of these 


requirements and, moreover, these formulas do not include the term which 


expresses a change of velocity head. “When the variation of mean velocity i ee 


wide, the latter omission introduces a serious error, especially in the case of 


‘Table 1 various types of velocity and channel sections 


adapted determination of _back- nd drop- down he 


current use. 


*PABLE 1.—Typzs or Existina Back-Water 


ti 


Broad rectangle 
" 
Dupuit- Masoni : Common rectangle 


‘Rablmann, 


Sots Broad rectangle...] Neglected | 1.013 to 5.0 


} Broad perabela. ..} Considered 
78 }Broad rectangle... 1.000 to 5.0 
Neglected 


22.11 Do®48 
varies as | Approximate trape-} — 


Do with x, its type being dependent on the relation expressed in Equation | (2), + 


— | 


— 


: ) are not strictly applicable to natural water- 
if the stream is considered as divided into several reaches, 
3 @ourses. However, if the s lation between chal 
if and if the relation 
‘ arly uniform, 
of which So and are nearly Tab 
‘ 
a 
tin, 
— 
— 
ropriate tor the channel nnder con. 
q 
— fa 
de 
Te 
— 
>? 7 | Baticle........ 10 t0 0.95 


BACK-WATER AND DROP-DOWN 


~ eonsiderably : in error because the characteristics of each section of the actual te 
channel vary. Furthermore, in | Some cases (Items Nos. 3, +5, 6, 7, and 9, 
Table 1), the important — variations in velocity head are neglected. In Tees 
No. 7, Table 1, the symbols, gz and Zo, denote A*?R and z in uniform flow, © 
Son UTIONS 
Existing methods « of calculating back-water and drop- down curves” are 
for. ‘practical purposes; es; furthermore, ‘the hydraulic 
— theory upon which they are based is very imperfect. Ae reasons why exis- 


ting methods are unsatisfactory are, as follows mnie 


r. Case (A) —In order to be able to express the back-water and drop- -down 
- carves by functions having a finite number of terms, some of these methods — 
use the Chezy velocity formula with | constant C, and consider only broad, 


a shallow, channel sections. = fo it is impossible to express the back- water ay 


in Equation (2) is an integer and the broad section is a ‘rectangle. 
~ Case (B).- —When 1 = has any arbitrary value and when the channel has a 
uy broad shallow \estion, the back-water and drop- -down curves may be expressed 7 
by functions involving infinite series ; ; but the calculation of the numerical pF 
(Columns (7) and (8), Table 1) is “quite complicated in comparison 
with Case (A). The Schaffernak (Item No. 5)* and Schoklitsch (Item No. 9)° 
formulas are the simplest in this case. In the Riihlmann formula Gin 
No. 3)* an infinite series is used, laboriously and needlessly, i in spite of the EF ; 
fact that the formula should anes to Case (A). In the cases of most nerd 
nels with cross-secti 
determination of the bade -water and drop- down profiles by rigorous matlie- 
matical ‘methods involves difficulties which are practically insurmountable. ai 
‘Unless the Chezy formula is used, back- ‘water fanetion general 
requires the use of infinite series for its expression. Moreover, if the change e* 
Sc: in the velocity head is is considered, two infinite series are derived from one 
_ Kind of channel. In this case it is extremely laborious to construct tables — 
of the function for all types of sections. 
In the following, the writer r derives some exponential formulas for 
g, the € es some exp a 
. hydraulic area, wetted perimeter, and hydraulic radius, which are sufficiently — 
accurate for practical purposes. - The change in velocity head is taken into — 
consideration, and the most appropriate velocity formula is used for each . 
channel. In every case the desired back- “water or drop- -down function is 
‘expressed in terms of two sets of series. gobs 
Case 1.—The General Case of Flow —The 
area, A, the wetted perimeter, P, the hydraulic radius, R R, and the and the average 
by Schokiitech, 1980, Vol. 1, 103. 


by Forchhelmer, Third Edition. p. 207. 
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vv 
a velocity, V, are expressed most generally as Senetieims of D, the depth of water 
. measured from the lowest line of the channel bed; thus, with Equation (2): ba 


in which the subscript, 0, refers the symbol to the condition of uniform flow. : 
Since the amount of flow in the channel is unchanged, Q= VA's: 


which —. B y ‘substituting Equations | (2) and into the 


— 


ig re R, and Pp, by their values in Equations (5) and writing 


C* So (: + Sa (3 + a, Det dod aD 


(8) 


quation (8) is the most general» differential equation that “expresses the 
.. water and drop-down functions; but integration of the equation and < 
the calculation of numerical tables become extremely complicated with the 
expression i in this form, since each term in the right- -hand side of the “equation a 
into a double series with, to D. whew 


common 


7 


x 


sion, 4=aD", “a hydraulic area is sufficiently accurate even when = 


— 
— a 
— 
— 
4 a 
= 
i 
— 
— 
— 
— = 
— 
— 
— 
— 


A 


D 


then, Equatio 7) becomes, 


BND rape tnitnen 
° 


Do 


The second term in the dunstiinnies of Equation (12) may be expressed 


a convergent infinite series, and, as” a consequence, the function, F(D), 
ean be expressed in terms of a double series of — the labor for 


ing the numerical table is far greater than i in Case (3), which 
Cas Case (3) Which the Hydraulic Area, A, and Wetted Perimeter, P 
Are Masdudits —In this page Jar differential equations become reasonably 


be t * express P as a monomial function 

This 5 is especially true in the case of sections such as the rectangle or trape- la _ 
. zoid, in which the base width has a finite value. However, in the cases of ug 
_ these sections, as in the cases of most other sections in common use, actual — a 

trial shows that it is possible to ch values | of b and in Equation (130) 
will ‘make this equation express ‘the value of P with reasonable 


» over a considerable range of depths. The fact that the use of this monomial 


: sumapiation. of back-water and drop-down profiles, will be made evident by 


— 
— 
— 
— 
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4.—Generat ForMULAs FoR Back-WaTER AND 
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= = 
=—KD,(2 


Water. —Substituting ay cand (15) “into | the 


Do 


Hence, by making equal toy, the quantity, d 


D 


A ns Since m is dependent upon the velocity formula used, and s —_ k are deter 


y 1 


= — , + 


Do 


Curves 

(604. § 
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—— 
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ES 
the influence of back- water ‘the weir 
infinite distance. At the point where = Do or y = 1. Since 
both and ®, become infinitely great at this limits of integra 
are taken to be yoy y; = 1.001; that is, - 2 =1. 


77 


<1, and for in let 


ite). 


(that is, from D to Ds): 


1 


this case, also, become infinitely great when z 
‘limit of the integration is Do. y= 0.999. 


7. The Back- Water Curve.—In the expression, r = 2s + 2m (s — Kk), s = the 


numerical value of the power in the function for hydraulic area; m = the ex- 
ponent of hydraulic radius in the velocity formula; and k = = the exponent of 


the wetted perimeter in the velocity formula. For open dannale and conduits, 


a 


r<6and05<s <= 2.0. The. quantity, ——— , of both terms | on the 
-_right- hand side of Equation (17) is ‘healed into a convergent series, wet: 
, and may b be expressed as follows: as 
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ALAN 
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Values of 


= 


102 1.03 1.04 1.05 


t= 1.0 


or 


20 


io, 8.—Back-WatTerR CuRVES; VALUES 
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_ 
De 


_ Values of y= 
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tere 
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— 
— k 
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in actual numerical when y is s nearly e equal to 

the rate at which the series converges is very slow. When both r and gs are 4 
integers or possess special values, Equations (21) can be expressed | in a finite by 
number of terms, and in an actual numerical table, and are 

— ealeulated directly for these special cases and the values of the functions 


intermediate values of rand s s are The results 


i= 


gest 


7 
4 


values thus obtained, the back- water profile applicable to dines any channel 


can be calculated precisely. Back- -water curves published in the past were for ~ 


a single case of r and s; for instance, in the Grashof-Bresse formula, a broad _ 
rectangular section is used so that, with A = B D, and P =Bs= 1 and 


b= =0. Since Vo = C R**, So, the exponent, m, = 0.5. Therefore, ; s=1, 


ho: 


In the Tolkmitt formula 


on 


is used in the Chezy velocity formula so that m = 0.5 a and A 
s=—;k= 0.55, and 
3 Rithlmann formula (Item No. 3 Table 1 1) ® is eau when s = 1 


4 
4 
— 
— 
— 
— 
a) — 
on 
— ma 


a BACK- WATER AND DROP- DOWN CURVES 


selecting of @, and Equations (22) yield: 

D\ = 1.58. Substituting th these 


Do One 


(2) = 2.19 12; and 


= Ls; 
rath val 


values in Equation (18): —— = 3.16 16 — 1. 68 - — 0.212 (2.12 — 1.58) = = 1.365; 

Down this ease: ‘the drop- ‘down functions are: 

z, and each of them ean be 


& =-> nr— 


For integral or special values of r and s, the integration leads to expressions it 


23s 


having a finite number < of terms, so that if values of the functions are com- 


r puted by these expressions, the values of the functions for intermediate values 


of rand s can be obtained easily by interpolation, 
The values of W, and W, are plotted in Figs. 5, 6, and 7, the values in n Fig. 6 


from those in 5 only with respect to the values of 


7 Drop- Doon to Fi 40), let 

ft; Do = 4 ft; = 2.5 ft; ;D = 3.8 ft; > z= > 

= = 052; So = 1: 1000; m = 047; 


= 60; and K = 0.27. Then, 5, 6, and 7: 
— )= 2.34; and ¥, = =1. 45. Substituting these values in Equation (20): 
900 — 1.895 — 0.27 [2.34 — 1.45] = 0.265; and 1 ='16 


= 1.900 — 


—In Figs. 3 to 7, the values of ,, d., and W,, W:, which are shown - 


Genetals- 
byg groups ‘of. curves, are obtained by ordinary integration with respect to a 


oy bauer 


‘number of sets of values of r and s which furnish directly integrable equations. 
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water direct integration is performed with respect to the following 
special cases: (a) For ®: r= 1, , 2, 3, 4, 5, and 6; (b) r = 3 is for &, in 


bs 


c* Grashof-Bresse (Item No. 1, Table 1) and Riihlmann formulas (item a 
No. 8, Table 1); (c) r = = 5 is for ®, of the B Baticle formula (Item No. 7 


1); values of an rand values of s for integrals” of 
1.0 are for ®, of the 
formula; and (f) r = 1.5 are for of the Tolkmitt 
formula (Item No. 4, Table 
TABLE 2.—VALUES OF r, WITH CorrESPONDING VALUES OF 8, FOR 


VALUES OF 8, FOR: R 


15 


a In the drop- -down oe: direct integration is performed with respect to the 
ir = 1, 2, 3, 3.4, 3.5, 4, 5, and 6; (h) r= 3 
‘is foe of the Grashof- Bresse oul Riihlmann formulas; (i) r = 3.4 is for 


the Kozeny formula (Item No. 8, Table 1); (j) r = 3. 5 is for the Schaffernak — 


oon (Item No. 5, Table 1); (r= 4 is for the Tolkmitt formyla ; and, ¢ 


0 values of r, with corresponding values of s, for integrals of Y, are listed — 
Table 2, in which the combination, r=38ands = 1. 0 is the value of 
the Grashof-Bresse formula. Direct integration possible for 
forms of the integral, | ®,, twenty-two forms of the integral, d,, eight forms 
the e integral, and seventeen forms of the Vs. The 


Various shapes of: sections which are commonly used for channels, 


‘bination of straight line, gdh, and circular curves. Then, establishing 
the mathematical relation of A, P, and R, or s and k, to the depth of water > 
for these three cases, the factors, and r, May | be obtained for a required 


depth « of water in the case of an irregular section by curves 


by direct 


Section.—In- the cases shown in Fig. 8 hydraulic 
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In Equation (20), 


AND 
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(a) ¥;Curves:(See Fig. 5) 


Values of 


bites 


PEEL 


(b) ¥zCurves:(See Fig. 6) 
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BACK- WATER AND DROP-DOWN CURVES 


Trapezoidal; a =cot 6 (6) Rectangular; s = 1.0 (c) Triangular; a= cot Inverted Triangle; 


fet 
which a = cot 0; = 


1} 


OF do AND 


section section section gl 
| aig 8(a)) | (Fig.8()) | (Fig. 8 


| 


From Equation (24): 


ty 


142 2y 1+ 


ith: 


2 


and 20. The curves ¢ are plotted as shown in Fig. 9. For example, referring y 
to Fig.  8(0), ft; Do = 2 ft; 4 ft = 2.2 ft; values of y at 
sidered are 2.0 and 1.1; » = 4; 
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BACK-WATER AND ror- DOWN CURVES 


t. Fig. 9, 9, = 0. 34 to 0.42, a mean 


(b) Parabolic —In the case of the section 


Fig. 10(a), A= 2 By BD; 2 BoDo; and B Therefore, 

id, s = 1.5, a constant. Finally, 

“pal 

B 


a 


= 


va ae of y Tangir ng from 01 to 20, the exponent, & corresponding to 


e ratios, —°, are calculated and shown by groups of curves in Fig. 11. For 
example, referring to Fig. 10(a), let Bo = = 80 ft; Do = 20 ft; —2 


Do = 40 ft; Dea 22 ft; : and y y = 2.0 and 1.1. Then, as shown by the nal 


mean of 0. 


inch | Circular Section —In the case of the ole’ 
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: 
11.—VaLves oF k CHANNELS OF PARABOLIC CROSS-SECTIO: 


= 


to the ratios of rz = — are calculated and shown in Fig. 12. For example, 
referring to Fig. 10(b); let r = 9 ft; Do = 4.5 ft; Dp = 18.5 ft; D = 5.4 ft; 
= 05; = 


= = 30; andy 


an 


= 


nges in the depth o 


4 = 
tm 
orresponding 
— 1 0.1 to 20, the exp 
— nging from 0.1 to 20, | 
alues of y ranging fro 
— x 
— ies between 1.28 
ent s lies betw 0.59). od k. Are Con- 
— in Fig. 12, Exponent (mean, 0.59). ,s and k, Are = he: 
ircles in Fig. 12, 55 and 0.63 tion Indices, 13) in any 
the circle lies between 0. ing That Sectio ons (18a) and (1é this 
Exponent in Assuming d k in Equations (1 ter, D, but, 
a (d) Error In lues of s an wa 
— 


the average value for the range in which D changes is used in order 


"sections | are used for the back- -water experiments and the results obtained ‘*) 
the Dupuit- -Masoni formule. = 


arp 


ici 


= 


TH 


Fic. 


Mae é pe = De. 


= 3.0: 5.0; y= k= 0.60 t to 0.40 (mean assumed as 0.5). 
or convenience in comparing them with the Dupuit-Masoni formula (Item 
Table 1), let = C R™ §°5 and m = 0.5. Then, 

2m (s — k) = 2.55 


wo. 
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Axt 


3 
| 
— 
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Exampte; 1 Y = 50 


“Te 


(which | are proportional to ow e distance, I, measured from the | weir t 
various sections up stream from it), errors between the Dupuit- —_——ae rmula 
4 and Equation (17) will be as indicated by Table 5. ~ 
OF AssuMING AN AVERAGE or K 
ea. CoMPARISON OF THE Ratio, 


Ta | = | | 


Ratio,| 8=03and K=0.17 | f=09and K=05 6=030and K=0.18 | 6=0.90and K=054— 


Using 


| 


0.6526 | 0. 5 0.6086 | 0. , 3.8261 | 3.8224 
0.9849 0.8972 04 
1.1990 | 1. ; 1.0710 | 1. +0.12 
1.5049 | 1. 1.3005 +9.36 | 4.6624 | 4.6764 
1.7710 | 1. 5 1.4835 +0.51 4.9211 | 4.9435 
2.3274 | 2. . 1.8361 | 1.8498 | +0.75 5.4608 | 5.5020 


Evidently, errors produced 


where sai in 1 the depth of water is slight. If it is desired to find the 
. shape of the back-water curve more accurately for theoretical reasons, groups 
of curves similar to those in Fig. ‘are drawn by using the average 
values of k only for the integration, r being determined by using actual values 
oof k for the depths of. water. in a given channel. It is possible to find the 
values of and ¢, the curves to r and s thus obtained; 
but (except when the weir is unusually high) calculation is 


‘considerably if the average va ues of k ar are wiles 


2... 
and K are as shown in Table 109 
i 
— 
— 
— 
| Per exact mean centage} value | value | 
y= Usilg exact | mean centage value | value error fh 
— | laser | tem 
+0.46 | 4.5710 | 4.586 
$0.75 | 4.8080 | 4.9906 | 40.56 
— 
= g average values 0 
being 
J 
— 
— 


-BACK-WATER A 


curves presented i in this p paper, we. examples ai are offered. 
gets (A).—Back- Water: Case of Trapezoidal Channel. —Referring to ie 
Fig. 8(a), let the side slope = 1 on 1; D) = 80 ft; Do = = 6 ft; 0 = 45°; a 
d = 30 ft; So = 1:1 600; Ao = 6 x x 30 +6 x 6 = 216 sq ft; and bf 
re 216 46 ft. Iti is necesary to use a velocity | equation n 


form of Equation (2) in which C remains constant igreapective ‘of 


“4 


=1 112. ‘ cu per 
‘If the water is increased to Dy = by a weir; 


to the section 


to find 1, the distance 
‘thus, = 18 = 8; and Zi 


‘Table 


water is 18 ft; 

Fig. 9 may be selected the values listed in 


‘TABLE 6.—Intusrrative Exampie; Varues Reap rroM Curves. 


02) 


For depth, De = 30 D 
° f ° 


‘Symbol 


(4) 


For D 18 


For ~~, D = 12 | For depth, De= 
feet 


10 


VatursrromFic.9 


—" 


56 


uly al? to 
| 


ina 
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0.707 


194" 
2707 


(d) rrom Fics. 5 anp6 


VaLvges FROM Fic. 
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a 


uation (15). 
— 


7 


— 
— 
— 
— 
— 
— 
| taking Kutter’s roughness coefficient as n = 0.020, the mean velocity is: 4 — rie: 

= 5. By Example (1) of Article 6, if 6 = 45° then, a = cot@ =1; 
| 
— 
— 
3 


these, the integrals, listed in Table be selected 


“Fig. Substitution: in Equation (18) then yields: bel 3.62 


— 0.194 (1. 80 - -- - 1.80) = 2.06; and, therefore, 1 = 2.06 x Dao | = = 208 x6 
ot 


S, 
x 1600 = 19 776 ft. _ In this case the last quantity of Equation (18) (which 
‘is multiplied by RK) is ‘insignificant, but it can not be overlooked 1 when 2» < 


n = 0.025 1.486 _ 743; 


= 7.5 5 by Equation (2) with m = % and ip= (the Manning 


one 
= 5.69 ft per sec. Q= 

at the cross-section over the fall): 
wt 


1; and, = 09 5 Gee Figs. 4(b da ( 

, to find I, the ‘distance from the in channel tot 


Substitution 1 in in Equation (2 (20) el 99 99 — i 

074 (2.28 085; and, 1 085 x 2 500 x 


FLuMEsS 


curve are the of the channel cross-section and the degree of 


The former is the more important and the inadequacy of previous | 
is due, i in large measure, to ignoring its relative effect. 
3 In the experiments. described herein, both the cross-se shape the j 
surface roughness of the experimental channels were varied. Moreover, due 
to the shortness of the effective length of the flume in this. experiment, it was 
7 = impossible to determine the height of the water surface ‘covering , the ‘total 4 


] h back- ter li salad le ¢ riment. For exampl he. 
length ac imits by a single or example, 
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1. 6; 1.6 to 1.2; 2 to 1.06; ete. ‘Hence, “the experiments ‘reported 
herein, the entire back-w -water curve was traced by connecting several back- 


water curves. The curve thus obtained contains from three to nine -_experi- 
2 mental values which indicates that a considerable number of measurements is 
sa ; ‘required for channels of easy slope, Re. On the other hand, if So is too steep, Me 
ie the velocity of the water becomes very great and the flow unsteady; in extreme ce 


— 


eases, the water shoots ahead : so violently that the bed slope up stream from a 
the weir is necessarily fixed at 1:500 and that of the drop- down at from 1: 500 
to 1:2000. In order to study the influence of roughness, two kinds of sections a 

were devised for. each type of channel section: @MaA smooth flume in which 
the i inner surfaces were planed carefully; and (2), a rough flume in which the — 
ner surfaces were lined with 3-in. mesh made of No. 20 galvanized wire. be 
addition, the outer ‘surfaces of the flume were submerged in water to avoid 
deforming the flume @ by alternate wetting and drying. hrs When the flow was 
the distance, (from the weir to the section up > stream, where 
‘ the depth | of water is D), was measured, and the back- -water and drop-down 


represente the relative values o 

ae, typical sections of the channels ‘studied in the writer’s laboratory are jeans 

in Fig. 13, the dimensions being as indicated. |For measuring ‘the dis- 


Bere charge | a common weir Rresarecone- and the height of the water ee was 


5 


ge 


nearest 0. 1 mm (0.00394 in. ay 


+4 


in 


Water depths were at 0.5-m (16.41-in.) intervals for rectangular 
a a triangular channels and 1.00-m (3.28- ft) intervals for trapezodial flumes. 
K, However, readings are taken at 0.2-m (0.656-ft) intervals to measure the eleva- %, - 


ies of the water surface at important sections, such as the lowest point of 
At down-t -stream end of each channel a brass, gate regu- 
a, lated the water level so that it was is nearly the same at the down-stream end 


in one set of measurements as it was at the 1 up- -stream end, in 1 the preceding _ E, 
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Water 


Smooth Rectangular Channels-—Referring ‘to 8(b) and let: 
7.874 in.; Be 500 ; Do = in.; Dy = = 8.987 = ft 


1s Cc to be « constant, the writer found by actual measurements that the val 


m was also nearly a constant, and was equal to 0.65. 


effective length of the channel was 11 m 09 ft). dam at the 


ee was plotted and the back-water curve from 3.937 in. to 2.087 in, (the , 
depths of water above the weir), wai was measured. ‘The result thus obtained is 


Computation of the Ratio 
in 1 which s = 1, mean value of k between 


oh 


aa which correspond to various values of y= =— from Fig. 3, the values of 2 


1 be computed Equation (18) a nd arranged as in Table 1a). Next, 
order to compare the errors in various back: water formulas that have been 


Sol 


(see Table 1), the ae computed from 
formulas” are likewise’ tabulated, and the back- water Curves are drawn, 
+ general comparison, as shown in Fig. 14. 
inally, the errors in the various current formulas are determined by com- 


a: paring them | with the results of the writer’ 8 tests. Because of m minute surface 
and stationary waves which exist in the experimental channels, variations of — 
* fraction of a millimeter occur in the test readings. He In some cases these 


variations almost impossi of a 


channels v were In the preliminary tests ‘the measured values 
were quite erratic, due to deflections in the channel structure between beam 


gg 
va 
be: d at 0.5-m intervals (1.64 ft). 23 
a he water surface was measured a (8.15 in.) and the water co ; 
ew m (3. “4 1 
the elevation of t -adjusted to make D» s was repeated until four 
— the dam was re-adjusted to mak 1. This process was r 
éThen 2 elevations were measured again. 

— 
nel such as 
— channel 1 

Sand, from Fig 
— 
— 
Ti 
— > 
— 
— 
— 
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BACK-WATER AND DROP-DOWN CURVES 
mooth Ch 
annel 
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Experiments 


am 


mer 


t De 


Way 


= 


4 


Dupuit-Masom 


TOT 


=3937' 


bua 
oF 


ott 


— — 
ii 
CHANNEL (Ser Fic. 4(a)). 
LAR 
2. 


3 —Back-WaTER CoMPARISON OF Ratio, 


» DETERMINED BY EXPERIMENT AND BY 


DLA 


Ratios, Sol son rum Forowina VALUES oF y= 2. 


De 
vor THe Corresponpine or D,1nINcHes: 


3.740 | 3.543 | 3.347 | 3.150 | 2.953 | 2.756 | 2.559 | 2.362 | 2.165 | 2.070 | 1 


0.461 i 0.714 


RS 
Soo 


(©) Smoorn, Rr 
0.302 
0.201 | 0.303 
0.209 | 0.315 
0.213 | 0.322 
0.229 | 0.348 
0.234 | 0.359 
0.228 | 0.344 
0.216 | 0.330 
0.211 | 0.327 


oS 


Sf 
as 


6.693 
0.322 
0.327 
0.320 
0.345 
0.330 
0.359 
0.344 
0.332 
0.323 


* Value not determinable. ft Different from Tables 7(a), 7(b), and a 


4 when eat was impounded by the weir onl absorbed to some extent t by the . 
channel ; and (2) by complicating factors at outlet. Subse- 


conducted under REEVE: ideal conditions ; and the results ‘eoineided fairly well = 
the writer’s calculated values. 


For comparing the and calculated values of various 


— 
i 
0.288 | 1.020 | 1. lot | 1 
707 | 0. 1.030 | 1. 
22 0.344 0.584 | 0. 0.867 | 1. 1.147} 1 — 
0.111 ) 0.223 0.344 0.468 | 0.501 0.675 | 0.908 | 1449 
0.107 | 0.215 0.849 | 1.021 1-876 | 1 
| 0-228 0-390 | 0.446 0 ta0 0735 | 808 | | 138 | 
Ehrenberg 103 | 0.2 0208 | 0 
| 
— 759 TO. | | 2.005 
Menonobe 0.113 0.465 0.701 | 0.840 | 1.576 1353 
0.228 | 0.344 0.446 0.757 | 0.954 | ites | 
a ; = | 1130 1338 | 
0.887 1.021 | 1.270 1.714 | 2.277 3 
— 0.107 | 0-211 | | | 1.148 1328 | 1.558 
Talli 0.112 | 0:226 0.449 0.023 | 0.772 0.886 | 1-070 1.874 | 1.640 | 
— 
= 
a 
— 


‘the Dee -Masoni formula is found to be the most rational, but 
alues of 8 So! are a little greater, due to using the Chezy formula in » which Cc. _ 
is considered as a constant (that is, m being: assumed equal to 0.5 in iad 


Be n (2)). However, this formula (Item No. 2, Table 1) agrees more manele cE 
with experiments than any of the others. bor at 


The Dupuit-Masoni formula was adopted for a study of the ‘relation 
e derived by Bresse, and the section was a broad one. 2 Errors due to these two a 


assumptions ‘are. negative in sign and their magnitude is greater than 


the B ghtly too s 
‘The Riihlmann No. 3, Table is s derived 
ange in velocity head in the Bresse formula. It yields values” considerably — 


in excess of those found by the walter, using a smooth channel with a steep 


The Schaffernak (iene No. 5, Table is 
a same assumption as the Rithlmann formula. It was found to coincide some- 


“3 what better than the Riihlmann formula with experimental results, since m is 


equal t to 0.75, being regarded as a constant. Values of - by this formula 


a are assumed to be considerably greater because the rectangle is veciibiill to be | - 


ror 


Poe 


= _In applying the Ehrenberger formula (Item No. 6, Table 1), the rectangle oa 
ts assumed to be broad, which gives rise to. negative errors, but those se caused | 
bd by neglecting the velocity head tend to offset them so that, in general, positive - 
are "obtained, However, the errors were found to be relatively smaller 
than in the case of the Riihlmann and Schaffernak formulas. Sermeniess att” 
* In the Baticle formula (Item No. 7, Table 1) the velocity head is disre- 
garded, and the irrational assumption is made that A* for a rec- 
tangular channel. ~The errors thus introduced are so great as to make 
formula entirely unreliable, ‘moja = wo 
i The Poirée formula has no theoretical basis in hydraulics, but for — 
rectangular channel its errors were found to be rather less than those of 
Tolkmitt formula to parabolic sections, and the effect of 
ing it to rectangular sections is to introduce serious negative errors, 
Rough Rectangular Channels. —To simulate roughness, the flume was lined 
with wire netting. _ Other characteristics were (see Fig. 4(a)): B= Bo 
= 7.874 in.; So = 1:500; Dp = = 197 in.; Vo = 0.886 ft per sec ; Dp = 38.937 
3; and, in (2), m = 0.70 and s = 1 in Equation 5(a). Therefore, 


k = 0.38; r = 2.87; and K = 0.16. 


af — 
Fel -up-stream end of the profile where the rise in water surface is slight and, i 4 bi 
es hence, this formula is not applicable when it is desired to find the position of — OW ? a 
— 
2 
— 
a 
e 
» 


DE DROP- DOWN: ‘CURVES 


| 


ar shown in 40), and of are shown in 7b). The 


actually; but i in the  Dupuit- Masoni formula, m m = 0.50 so that the errors are 


css than those for smooth surfaces, and values of “°° are al ways too 


the Bresse in the ratio, - -, are smaller than an 


dr 
_ those in the preceding formula because the errors in assuming an nd those 


‘ introduced by assuming the rectangles to be broad cancel each other. oni: <2) 
Values computed by the Riihlmann formula agree remarkably well with 
j laboratory tests because the degree ¢ of roughness is great and the velocity is _ 
small; hence, the effect of neglecting the velocity head is considerably less 
serious than in the case of smooth channels. _ Moreover, errors due to the 

_ — illogical nature of the formula and those introduced by assuming the rectangle 
to be broad, cancel other. this case errors are smaller i in n 


especially well with ‘experimental values in ‘the lower part of the stream 
_ where the velocity is small. _ However, the cancellation of ‘various errors in 


ae. this manner is rather accidental and ean no not be expected to occur in a general js 


Smooth, Right Triangular Channel.—The of the flume for 
“a case were: So = 1:500; Do = 1.97 in; Dy = 3.987 in.; Vo = 0.866 ft 
‘see; and, Y= 2.0. _ Furthermore, in case of a triangular section, $= 2.0; 
Bs = 1.0 (and both | these indices are fixed); and, m = 0.70. Therefore, — 
r= =2x2+4+14 (2 —1) = 5.4; and,r — 2s = LA: 


Back- water curves obtained by experiment an and those obtained by calcula- 


tions using the writer's formula, and other formulas, are shown in Fig. 15 


and values a: Sol are in Table 7(c). ir Sule 
Originally, the assumption, . AFR= 2, upon which the Baticle formula is 4 

based, was considered suitable for triangular or approximately trapezodial 

- sections, and in ‘spite of the fact t that it neglects velocity head, this forma 

yields results that are fairly acc accord with experiment. This illustrates the 

predominant importance of the shape of the section. 
Positive errors due to : assuming a broad section are quite serious in apply- i 
sing the Bresse formula to smooth, triangular Since the Chery 


The Schaffernak, and Ehrenberger formulas are based on 
i0 velocity head ‘is neglected, 80 


— 
— 
— 
— 
= 
q 
— 
— 
» ont 
— 
Ss, 
A 
— 
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— 
pt 
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— 
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BACK- “WATER 4 AND | DROP- ou ‘RVES = 


ern errors are and considerable Wn, 
introduced in working with the Poirée formula. 
Rough Trapezoidal Channel.— —The characteristics of the flume 
(see Fig. 13(c)) were: = 81 in.; 3 @ = cot 6 = cot ae = 1; 

= = 1:500; Do = 3.937 i in.; = ;¥ = 20; Q 0.625 cu ft 


see; and Vo = =1. 453 ft sec. 


E 60 


Ruhimann 


ation, in tnches, Above Stream Bed at Dam 
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Fic. 15.—Back-WarTer MEASUREMENTS ; TEST VALUES COMPARED WITH RBSULTS BY 
INVESTIGATORS ; SmoorH, RiGHT-TRIANGULAR CHANNEL (SEE Fic. 8(d)). 


‘The total length of the channel was 12 m (39.37 ft), but the cross- esti 

z was large in comparison with the length. The effects of the inflowing water 

; a the up-stream end and of the latticed weir at the lower end extend quite a 
distance into the channel, reducing the length of a stream in which there is 

2 uniform flow, and the effective length is only about 30 ft. "Moreover, in order 

A. _ to obtain the same ratio, iar it was necessary ary that the — be longer than 
a flume of less depth of water so that nine series of tests were required. Due 


to the skill of the e operators, the results were more uniform than was expec expected — 


a a 


In the writer’s method of computation: a = 1; hue == 


Referring to Fig. 9, the average values of s and k between the limits, ; 
y and Y =2 .20, are = 1.28 and k = 0.535. In the velocity formula, 


Iz 
— 
3 
| 
| 
— 
— 
— 
| 
— 
— 


ale 
Therefore, the integrals, 4, and &,, for any arbitrary values of 


=. read from the curves of Fig. 3. With given vabaes of. 8 and r r ‘introduced j in 
Equations | ( (21), the values of - (see Table can be determined easily, 


~ such back- water curves as those shown in ‘Fig. 1 16 can be plotted. For com- 


parison the back- water curves based on various formulas are computed and = 


these are shown by solid-line curves in in Fig. 


a. 


Elevation, in Inches 


© 
©, 
° 
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Fic. 16.—Back-Water MEASUREMENTS ; Test VALUES COMPARED WITH RESULTS BY 3 
Various RovucH TRAPEZOIDAL CHANNEL Fic. 13(c)). 


The Tolkmitt was derived for application to the parabolic 


ee of the analogy of this section to the cross-section of the ordinary 7 
river channel, this formula gives results that are fairly in accord with actual ws \ 
conditions. — Positive errors are produced because m = 0.5 was used in the i 
velocity formula, but errors due to the difference between | sectional shapes" ere 
negative and relatively large so that the total errors are negative and are 2 not i 
large. — In applying the Bresse formula to rough trapezoidal channels errors a 
_ due to the shape of the section and the Chezy — formula are both ee 


Use of the Rithlmann formula errors due to the shape 


- of the section, the the velocity formula, _ and the fact that the e velocity head is 
~ neglecte d. . The res resulting errors are positive and the largest 0 of those produced 4 
_ by the 
The velocity equations involved in both the Schaffernak and 


formulas : are closer to actual ‘conditions than that in the case of the Rihimenn 4 


formula, and errors are also considerably less§ $= + | 
ber In the case of the Baticle formula, the sevmmytiedi as ‘to the shape of ‘the 
- eross- section is closer to actual conditions than in the case of the —— 


— 4 
'¢ 
— 
— 
2 
— 
r 
— 
AG 
— 


ot In the experiments to andy the ‘drop- down, the same channels were wea 
as in the case of the back-water except that the depth of water was me 
— shallow and the velocity and the slope of the water surface were increased. — 
Tests were made at depths, Do, of 3.937 in. and 5.906 in.; and the slopes were 


Smooth "Rectangular Channels. —Referring- to Figs. and 13(a), 
= 7.874 in.; re cater Thy D, = 2.46 in.; So = 1:1000; Vo = 1.385 ft 
~iper sec; Q= = 0.298 cu ft per sec; and Z = —2 = 1.60 ey 


4 The height of the water surface is ‘measured a at 50. -em 64- 64-ft) intervals, 


es steep, readings were taken at 20-cm (7.874-in.) intervals; four observations, for 
different values of , were plotted; and the drop- down curve from 
= 2.461 in. to D = 3.839 in. was traced. 
af he critical de e limit between jet flow and ordinar ow) was, 
Th 1 depth, De (the limit bet t flo d din inary fic i. 
é De = = 2.232 in. or in order to prevent the occurrence of - 


the transition from or 


. 4(a), in . which m = 0.70; and s = 1.0, the average value of k between Z= = 1.60 
and z= 1.01 is determined from Fig. 9, as follows: a= 0; m= = 


—;andk = 0.47. Therefore, r = 2.74, and K= 0.202. 


The integrals, W, and W,, for a series of z- -values are read from Figs. ,and — 
1, for r = 2.74 and s = 1. .0; the ratio, - , is obtained we substituting these 
values i Equation (20); and 1 i is computed by simple, algebraic transposition. 
Tf the curve corresponding wi with r and s lies between two adjacent curves" 
integrals, and ,, the problem i is solved by interpolation. | wi 
As is evident from Figs. 6 and 7 (a), the values of W,, expressing the effect 
“of the change of the velocity head, | ively quite for 
measurements 


‘multiplying them by the coefficient, Be}, that the values of a are made > 


Consequently, it is clear that all the current drop-down formulas in which 


~ than W, which expresses the friction loss (see Figs. and 7(b)). 


the velocity head i is neglected, are entirely inadequate. 

Referring to ‘Figs. 5 ‘and T(a), the increase in , as compared with ith the 
ee in z is very small when z, exceeds a certain value, For instance, 
of ¥, between = 3. 0 3.0 and z = 2.0 is almost equal to zero. Accord-— 


= 
ig 
— 
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BACK- -WATER AND DROP-D DOWN ou waves 
; ingly, the a actual distance between t the two sections is 8 very ‘small, which means 2 
that the water surface falls so considerably as ‘as to outlaw the formulas now 5 
ce in current use. Moreover, the application of this method of computation is 
limited to the part o of the channel in which the ‘flow is normal; ; it is mot a 
applicable to the parts. of the channel shallower than De, such as the case in : 


which = 2 at the lower end of the channel. 


Test Measurements for the Drop- Curve in Smooth Rectangular 
‘Channels. —Test values" for -down, with "corresponding values” derived by. 


current formulas in use, are plotted in Fig. 17(a), , and corresponding values 


— are shown in Table 8(a). 


TABLE 8.—Dror- Dows Measurements; Comparison OF THE Rim, 
BY EXPERIMENT A} AND BY Formutas Dy 
_ Do of D, in tory Mononobe Tolkmitt*  ‘Bresse Kozeny nak Ruihimann 


2.628 0.0053 0.0046 0. 0039 0.0030 


Above Stream Bed at Dam 


wor 


0. 
0. 
0. 
0. 
0. 
0 

0 

0. 


0.765 


— 


2.073 | 0.0026 
2.190 | 0.0064 0.0045 | 0.0036 
0.0073 


‘317 | 0.0118 
0. 
0. 


in Inches, 


0.0195 


~ 


Elevation, 


0.0132 | 0.0248 0515 | 0.0413 | 0.060 
0.0245 | 0.0528 | 0.0996 | 0.0816 | 0.108 
0.051 0.0988 | 0.151 | (0.191 
0.115— 0.202 | 0.337 |, 0.283 

0.307 0.494 


5 0.0080 0.0019 | ...... | 0.0054 | 0. 0049 “0.0177 
0.0224 | 0. 0457 

0.0368 0 0291 | 0.0707 

0584 | 0.0478 | 0.1057 


0.0772 | 0.154 
0.158 | 
0.290 | 0 


0.0063 0.0100 0214 0.0250 


7. 


{= 


0.131 0.237 
255 0.414 


0.490 0660 | 


ie the Kozeny formula, the velocity head is considered and m : = 0.70 in 
a velocity formula, but the section is assumed to be : a — rotate 


— 
4 
— 
— 
= 
r 
— 
— 
— 
Do 
J 
— | 
— 
— 
— 
— | 3.580 | 0.201 | 0.196 | | 0-823) | 0.275 
— — 
0.0127 | 0.0171 
— 0.0323 | 0.0431 4 
au 150 | 0.152 70 | 0.219 0.269 — 
— 7.25.) 3.156 | 0.0052 

— 8.424 | 0.0258 
1.40 | 4.21 00905 
— = 1.30 | 4.54 0.1306 

7 
— 
— 
— 


in Inches, 


Elevation 


Ny. 


Smooth Chann 
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(b) Rough Channel 
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17.—Drop-Down MEASUREMENTS; Test VALUES COMPARED WITH RESULTS BY 


Various INVESTIGATORS; RECTANGULAR CHANNEL (Swe Fic. 4(a) 


| 


). 


— 

| 

— | 


l 
Ih other words, errors are 


In the Bresse formula, the negative errors due t to assuming a 


- , tangular section, and the positive errors due to assuming m = 0.5, cancel > 
other. The resulting errors are negative, but n those intro 

duced i in the Kozeny formula. > 


The value o of is increased considerably in Rihlmenn ‘formula 


neglecting the velocity head and to assuming that m = 0.5. This error 
is slightly ‘teduced by the assumption of a broad ‘section, b but the Rahs 
errors are very great, being more than 200% in the down-stream part of the 


Inn to formula, m = 0.75 is too a tiles for 


channel such as that used i in experiment the degree of roughness 

relatively slight, and negative errors are ‘produced fi so ‘that 

resulting errors are considerably less than those ‘involved in 


Rough -Channel.—For this test, smooth rectangul 

fi 
a channel was made to simulate roughness by lining it with wire netting. Other 


‘were: Bo = 7. 874 in.; Do. = 3.937 in. 


a 
is 


= 0.180 cu ft per sec; Vo = 0.863 ft per per sec; D. = == 1.0004 
i 
and De = = 0.136 ft. 
r The actual depth of water at the low end of 7 Siiee was 1. 67 
was almost equal to t to the he calculated values of the critical water. 


al 


the depth of water, = = 1.968 in., is as the startling Aprlying the 
writer's formula: s = 1.0; m= 0.70; a = = 0; 
and the average value of k, from Z= to z = 1.01, is k = 048. Finally, 
= 2.753. and K = 078. Values of the integrals, ¥, and W,, can be read 
directly * Figs. 5, 6, and te Then, similar to the case of back-water po% 
_- putations, it is possible to calculate the values of i 


Experimental values and drop-down curves © obtained by using 
_ various formulas are shown in Fig. -17(b), and values of t Se L are om in 


‘In computing drop-down | by the -Riihlmann formula, the errors 


due are assuming a broad cross-section, the positive errors introduced by neg- 


— 
2 
— 
— 
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BACK-WATER AND 

g the velocity head, and the assumption that m = 0.5, cancel each other, “a ec . 

and the errors are negligible except in the low end of the flume, but the can- _ eg 


Accidentally, the algebraic sum of the positive errors introduced by the 


- Schaffernak formula due to neglecting the velocity head, and the negative 
error involved in assuming that m = 0.75, is almost equal to the error cause ee 

by assuming that m = 0.5. For this reason the result agrees well with that = 

of the Bresse formula. 


an 


8.03 


ny 


= 


; 
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4 - 18. ROP-DOWN MEASUREMENTS; TEST VALUES COMPARED WITH RESULTS BY 


ne 

‘Varios INVESTIGATORS ; SMOOTH, RIGHT TRIANGULAR CHANNEL (See Fic. 8(d)). 


= 
ae 
istics of the flume for this 
| 1—The characteristics of the flum 
tat were: & = ban 
83 ft per sec; Q = mvenience the back- 
_ Experimentally De at the section where s = 2.0 (a — — 
is assumed the writer’s method is as dK= 
The computation by = 0.70; = 54; and K = 
2 50 — 
a — 


integrals, W, and are read Figs 


as the calculated drop-down curves based on various formulas are shown i in 
‘ig. 18 and - based on various formulas are shown 


; BACK- WATER AND DROP- DOWN CURVES A 


the triangular channel ‘section in ‘general, ‘Positive errors are 

hie by ignoring the e velocity head, by : assuming rectangular or parabolic & 


sections, and by assuming in sign th 


, 0.70; but the effect of assuming a broad channel section offsets the favorable Ra 

conditions and errors greater than 150 or 200% are produced. ‘This indicates 


once more the importance of the shape of the cross-section in computing the 


(0.5, 


7 Because of the as assumption that m = » er 
 Bresse formula which are even greater than those in the Kozeny formula. bs i 
The Rithlmann formula applied to smooth triangular channels, involves 


excessive errors due due to 1 arious “causes, which all Il positive. The result is 


that the total error is a serious one; for example, a at the ‘point where wd a 


= 1.01 (that is, | near the extreme upper end of the drop- -down), the errors are e 
about 200% and near the lower end of the drop-down these errors are as much 


In the Schaffernak m is assumed equal to 0. 15, so that errors are 


‘somewhat smaller than those « of the Riihlmann formula. aay 


Rough Trapezoidal Channel—Tho characteristics of the flume for 


ease (see Fig. 13(c)) were: do 81 ir = = cot = 1; So = = 1:500; Do 


“a 5.91 in.; Vo = 1.837 ft = 1338 on fi pee De 
Z The critical depth of water De was computed as 4. 4.016 | in. 


ment wa ‘was found to be 937 in ‘By the writer’s 
20 
g to Fig. 9 to find the average el of s and k between 


s = 1.81; k = 0.57; and m = 0.65. Therefore, = 8.58; 


The test shea drop-down 
are shown in Fig. 19, the calculated values = obtained by u in 


formulas are found in Table 8(@). 


In applying the Kozeny ormula to rough, trapesodial fumes siti 
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-W ATER: DROP- 


tive errors 
this case than in n the u use of the the velocity head is 


_ Fic. 19.—Drop- ‘Down MEASUREMENTS ; VALUES COMPARED WITH RESULTS 
; CHANNEL (SEp Fic. 13(c)). 
The “velocity: head is considered in the Bresse formula, but since m 


tater In using the Schaffernek formula, m = 0.75 i is too great, and insignificant 


use the velocity head is ignored, the 


errors | are still too guest. bee 


_ The total errors involved are greatest in the case of the Riihlmann formula 
e 


because it it introduces most of the unfavorabl cited. hen 


In formulas for back-water and drop-down which are in current sir i 7 


errors that enter because of 
(1) Errors Introduced 


Constant — 


an ing water in a down-st1 “stream direction. 


= 


|| 
— 
— 
| 
4 ormula as a 
— 


if Ci is assumed constant and equal to its allen for the original uniform flo 
the computed surface slope, becomes steeper than the true slope. The 
be ae of water is constant at the weir so that the computed distance, l, between 


weir and the section where the depth of water is is D, = 
Pena So and a are fixed values so ‘that the ratio, 


the err error involved is negative. 


(b) In drop-down the competed velocity is more than 
actual if C for tl the case of uniform flow i is used; consequently, the drop 
puted ; is too great ‘and positive errors are 


com- 


= 


—Errors 8 Created by Neglecting the the Change % in in Velocity H Head, — a r) 


In the case of back- water, the velocity, V, 1 in a down: 

direction and | the value is i 


Neglecting this 

the computed slope, S, is steeper than 


the true dies corresponding to the ‘ea. 
tity of flow, Q. Since the depth of water at the lower end of the flume _ 


is constant, the calculated _ water level at points toward the upper end of © 
flume is too high; consequently, the elevation of the back-water is too 


becomes: too small, and negative errors are produced. 


¥ 


is positive; and if this term 

the computed slope, S, that is necessary t to maintain the flow, 


(a) In the case of back- water, the effect of ass assuming a wide cross- -section 
is the same as assuming that the wetted ‘Perimeter, P, is equal to the width 
of the surface. _ Tha at is, the hydraulic mean depth, R, is assumed to be 
a - greater than its true value. Thus, the value of S in Equation (1) becomes 
small, and positive errors are introduced. 
The result o 


Caused by Assuming the to Very Wide— 


| 


e result of 1 using too small a value of S, in the case case of drop- -down, 
to make the computed water-surface slope steeper than the ‘true 

slope and, consequently, the computed val ue of 


conclusions, and supporting arguments, indicate 
formulas for drop-down and back-water in current ‘use, result in ratios, - so 
es which are either too great or too small. = 


The 1e effect of adopting 
assu mptions is to superpose positive and negating errors. In certain cases 
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BACK- -WATER | DRor- DOWN CURVES 


a 
serious of one ‘sign. or the Fo or this. reason many of the 
old formulas have yielded data involving seriously large errors, especially in 


¢ , for important corrections, the writer wialied to acknowledge, sincerely, ‘hie 
jndebtedness to Harold A. Thomas and Sherman M. 


Am Soc. 0. E. 


— 
—— 
— 


J. C. Srevens,® M. E. (by letter) —The computation of. any 

of water-surface adverse slopes, under super- 
critical or sub-critical flow conditions, in either rough or smooth uniform ve 
channels—may be made quickly by the simple -step-by- -step ‘Procedure fully 


described and “illustrated by the writer in his discussion® “of the» paper by 
Arthur E. Matzke, Jun. Am. Soc. 


bok. The functions set up by the author are only applicable to channels of uni- — 


form cross-section. (that is, rectangle, trapezoid, triangle, etc.), whereas by 
4 far the greater number. of surface profile determinations must be made for #/ 


“(wide B= 0. ; discharge, = 0. 173 cu ft per sec; Kutter’s 


i Average of specific i 
velocity, | energy, Oe, Wetted 
square feet across between P, in feet 


.328 


| 


0. 0155 1. 
0. 0151 af 3. 
0.0136 i. 

1 

1 

1 


0.0111 


Average | Difference, Distance, Distance, & Along 
Friction friction | 4l, be- ed from 
slope, S‘;, | slope, Sy | between bed tween > ne easured from 
at a given between slope and adjacent: 
two depth J 


Points 


Ja, 


to ©00 


IE 


 §Cons. Hydr. Engr. (Stevens & Koon), Portland, Ore. 
Am. Soc. Cc. E., Vol. 102 p. 666. 


— > 
— 
on 
=f 
— 
— 
im 
— flow, D, radius, R, 
— 0.215 0.805 | 0.0100 | 0.3380 | ........ | 
60.204 0.847 | 0.0112 | 0.3232 = 280 0.160 
Q.19¢ | 0.892 | 0.0124 | 0.3084 0.156 
0.279 | 0.945 0.0139 0.2929 214 0.151 be 
0.262, 0.172 | 1.005 (0.0158 0.2778 180 
0.246 0.161 1.074 0.0180 0.2640 14g | 0.140 
| 1.453 0.0828 | 0.2138 O16 | 0.116 
— 
= in feet | 3 
— ‘5 as = 
a 9 | 585 
— 
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STEVENS ON BACK- -WATER AND DROP- “DOWN NN CURVES 


or wictlons a simple direct computation will yield 

for all practical purposes without going through the maze of mathe- 
matical processes so laboriously set forth by the author. In fact, the simple _ 
step: by-step formula used by the writer is fundamentally more accurate than _ 

that offered by Professor Mononobe, because there are no basic assumptions 

and approximations entering into its composition. - The only limitation i 
that sections shall be taken sufficiently near each other so that the | surface m4 
may be considered a straight line between them 
= Assumptions that wetted perimeters and areas are exponential monomials, " 


and that the Chezy coefficient is constant, are not at all necessary; neither im. 
it necessary to find neutral and ‘critical depths and velocities. One merely — 
- fortifies himself with a table of Kutter coefficients (or Manning’s, or any other Be 
a" of coefficients that he prefers) and a slide-rule and performs the simple a 
- operations: shown in Table 9. This table shows the calculated profile of the 
, bot -water curve _ discussion for the smooth rectangular channel. The 


— 


"Calculated by Stevens Formula 


801001204 
Distance above the Dam, in Feet 


PROFILES FOR A SMOOTH 


TANG 


~ discharge is | is not given, but presumably may be | calculated from AoVo = 0. 173 
eu ft per sec. - From dom neutral slope, radius, and velocity given, one may find 
Kutter’ sn = 0.009. Using the he formula,’ 
in which Al = = the distance between adjacent depths ; Sr = friction slope 


= = bed slope; and, increment of tom between 
all 
“depths, or: 


The depths given, in inches, in Table 7 were converter 
in Table 9. The slope, S’;, is the friction slope at the depth point, | whereas 


* Engineering- News Record, October 1, 1925, 
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ON BACK-WATER AND DROP-DOWN coum: 


S; is the average friction slope between depths. #F or such problems ve very little 


ween 
_ difference is found whether one averages slopes, areas, hydraulic radii, or ay 
ale In the ‘application of Equation (35) the specific energy ¢ has increasing =a 
values down stream, because the bed slope is greater than the friction ae 
; _ Therefore, values of Ae are negative as are also values of (S; — So), m . 
Al positive up stream. Columns (14) and (15), Table 9, show how ial the 
Fig. 20 shows the profile plotted from “Laboratory tests”, Table 1, and 
the profile calculated by Equation (35). The agreement i is practically wee 


J. Posey,? Jun. Am. Soo. © (by letter).—A unique : method 


- The velocity head i is wont to be « equal to a constant, a, , times the thevnetiedl ie 
velocity head nosed on the ) average velocity i in the cross- section. i” At ; present, rs 
is ‘based « on an exponential type of no more eaticfactory + 
formula is available. © The assumption is made that the friction lose for ae 
stream flowing at and Depth D, ‘not the neutral depth, ist the 


a, functions of the depth. Simple logarithmic plotting will demonstrate the high a 


Proof of the ac accuracy of the method is evidenced by the remark 


ina a laboratory investigation without cost. ‘Data ‘secured from 
a tests in larger and longer channels would be desirable to establish a further a 
< check. Additional information might be secured as a by-product of some other 


iv investigation, and it is to be hoped that experimental workers and practicing a 


engineers will take advantage of opportunities to secure and report further 

data on back-water and drop-down curves. _ ‘a 

Os The author’s method possesses definite advantages over ‘those methods that — 


: require the use of ‘steps. A vital part of | the curve may | be determined quickly — 
i without the tedious computation of steps intefvening between it and the con- i 


Asst. Prof. Hydraulics and Structural Eng., State Univ. of Iowa, and Assoc. Engr, 
Towa Inst. of Hydr. Towa Towa. teak 


point. Furthermore, theoretical curves such as those presented by the 


— 


curves, and in. determining under what circumstances they will occur and 


author may be used i in the study of the the various 
= from what feature their position along the length of the channel is fixed. The 


by the author’s Equations (13). Before giving formulas ‘the 
author sets up Differential Equation (8), based on Equations (5) in which: 
the hydraulic area, the wetted perimeter, the hydraulic radius, and the aver- — 
. age velocity “are expressed most generally a as functions of D, the depth . 


water measured from the lowest line of the channel bed.” As can be seen 
from renga (24), (28), (29), and (31), Equations (5) are not the most — 


more formidable than it need be. han 


plotted logarithmically as s functions of the depth, and straight lines approxi- 
mating the relations over the range desired, drawn i in by eye. - The values of 
sand & are determined by the slopes of these lines. This graphical method 
has the advantage of enabling one to judge the closeness of fit obtained. - 
~ cases where there is no question but that a high degree of approximation | vil 


be secured, Figs. 9, 11, and 12 may be used. eat 
2 ~The writer has been unable to check certain values from these diagrams 
? 


Ia and believes they may contain errors. For the example of the rectangular — 
4 = 1.0 and k = 0.38, the writer obtains — i ° 
= 1, 0 and 0.41. the of the circular section, for which 
the author gives s = 1.34 and k = 0.59, the writer obtains s = 1.29 and 
k = 0.65. These results were obtained by the graphical method and can be 
checked by any one familiar with logarithmic plotting; for this rosa it is 
considered unnecessary to reproduce the graphical work herein. 

author’s method is simple and straightforward. It may justly be 
co 

m 


ay 


nsidered the culmination of the work started by Belanger and Bresse. In 
aking the method useful to practicing engineers, it will be necessary to ov. 
simplify the charts of Fig. 3, re-drawing them to a larger - scale, and separat- — 
ing the for ¢, and as b with and Va in | Figs. 5, 


Ese. (by —Undoubtedly, the most important: 
2 contribution by the author is the presentation of data from certain carefully 


vor. 


me conducted experiments on back-water and drop- down curves and his discussion _ 
of the different varied- flow expressions developed by others, Although he 
a does not go into any great detail as to experimental snesbldite which is — 


Technica! Repts., Miami Conservancy Dist, Pt. 
Instructor in Hydr. and San. ‘Eng., State Univ. of Iowa, Iowa City, 


KALINSKE ON BACK-WATER AND DROP-DOWN CURVES 
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ay: BBA lete discussion of the twelve possible types has been given” by  # [i 
Sherman M. Woodward, M. Am. Soc.C. — 
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considerable painstaking experimental oma analytical 


effort. His “Concluding Remarks” should be of particular interest to 
2 concerned with errors intreduced by , making various assumptions when setting | 


=, In « developing his e: expression for back-water and drop- down surface curves: ee 


4 simple relation between the height of water above the channel bottom, the 


eross-sectional area of water flowing, and the hydraulic radius. To express 


A and R in terms of depth always leads to extremely complicated no notations we 
and mathematical expressions. Nearly all varied-flow expressions developed 


_ have led to such integrations that special tables and curves must be used if _ 
7 _ a problem is is to be solved in any reasonable time. . Furthermore, the special ae 


notations cused require considerable time to master, and, frequently, 


| fundamental hydraulic principles are obscured. This makes it particularly 
he subject of varied flow to students | of hydraulics, = 

a T he author's 8 back- -water and drop- _down functions are quite involved 
and probably will not be of great use to practicing engineers, or of great 

- value in presenting the ge general subje et to students. In trying to apply the a 
various functions and -— other | existing varied-flow formulas to non-uniform 

flow in circular sewers, , the writer encountered considerable difficulty, and a 
lost muc much time in ‘obtaining a answers to specific problems. 


The author’ s formulas for total length of back-water and drop- down « curves — 


a constant and the channel slope does at vary. However, in many — 
types of cross- ~sections, the constants in the type of monomial used by the 
author, in expressing the relation between area, hydraulic radius, and depth, 
very enough so that good accuracy in outlining the surface curve can only be 
- obtained by solving for distances between successive . depths. Furthermore, if | 

a number of points are desired on the surface curve, computation of its total . 
length by solving for the distance between successive depths does not com- 
 plicate the reaches need not be too short in order to 
OA considerable number of ‘and ‘notations can 
- — without the sacrifice of any precision or lengthening of time of com- oi = 

putation by dispensing with an ‘expression for hydraulic radius in terms of 
(Equation (13c)). Since the hydraulic radius, relatively, changes the BS 
least from depth to depth | of any of the variables, it is a convenient term to 
average in any reach; and in the development of the varied-flow integral from 

the fundamental Bernouilli equality (Equation while 


Equation is s equal to v 


~ 
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KALINSKE ON BACK-WATER DROP-DOWN CURVES 
of depths, the area and depth can be nihil expressed in a straight-lin line ‘a 


of t the type, D= aA b. Substituting for A, the 


‘ is eas more simple to use since the slope of | the line, a, can be so easily 


obtained; for any given reach, it is equal D— D, 


Making the foregoing changes and substitutions in Equation (3), the fol- — 
which, on expression. for the distance between any two 
log. Ga — —— log, 8 (38) 


Equation (38), Vu =, R” So**, in which R is the average value of 


the hydraulic radius between the depths chosen. — the surface curve in the 
Reach approaches a a ‘straight line, ‘Ri is an ‘average; if it is con- 


Computed | Test | Mononobe 


1 


1.074 
= 453 


‘| | 3: 4 
13:5 | 
0. 160 | J 112" 5 101-0 


a slide-ri ule and arithmetical averages of R, computations were performed 
on the e experimental | back- water and drop-down curve data given by the 
author (see Table 10). Equation (38) applies to either back- water or drop- 


down curves: on sustaining slopes; V, is the up- -stream velocity and Vy the 


152 47.6 47.8 
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KALINSKE ON BACK-WATER DROP-DOWN CU URVES 
i 


are ‘comparable in accuracy those of the 
- Although the expression itself appears quite formidable, the computations are eS 
not tedious and can be performed very quickly on a slide-rule. It is also 
of advantage to be able to use the same expression for either back- water or eo 
drop- "down cu curves instead of different functions as is done by the author, 
For a ‘rectangular sec section, the value of a, of | course, ‘remains 
also, for wide trapezoidal sections, it does not change greatly in value for. aor 
af different ranges of depth. For circular sections, a does not change 
‘much in its value in a a range of depths between 10% » to 90% of the diameter. 
For triangular and narrow trapezoidal sections the more accurate relation — q 
between depth and area is of the type, D = k 
“9 Use of this parabolic ‘relationship complicates the second term of the integral 3 
in Equation (37); however, direct integration is quite possible, and is not 
beyond the scope of the ‘mathematical equipment of the average engineer, 
_ The straight- line and parabolic r ‘reationship will take care of all types of chan- 4 


and there seems no real necessity to complicate matters by 
intricate mathematical expressions presented by Professor 
7 are perhaps justified in that they provided one means for obtaining theoretical ie 
surface curves which coincided almost exactly ¥ with the experimental results, 
_ However, it seems that the same effect could have been accomplished by much o.: ; 
simpler methods. If, in outlining surface curves by computing distances — a 
between “successive depths, there would be a loss of | precision and time, ie 4 
the author s functions would be of distinct help, however, since such is “a 
not the case it seems that nothing i in particular is gained for any engineer or ae 4 
- student of hydraulics to familiarize himself with the mathematics presented g 
that he can use the author’s methods with confidence. 


‘From the standpoint | of presenting the subject of back- water drop- 


down curves to those unfamiliar with the hydraulics of “varied flow, the 
author's: discussion of t the fundamentals could be if were 


for the development of the ‘fundamental equations just as 


_ 


in velocity sida with 1 respect to distance is to the ratio of the 
From Equation (3) it can be 
‘seen. that this ratio | is equal ‘to the difference friction slope and slope. 
of the water surface. The acceleration term is very useful in indicating what — 
‘must be done with and turbulence losses for flow at a decreasing velocity. 
The writer wonders whether there was any need to take account of such a. 
_ extra losses in the author’s experimental data on back-water. No ae 


mention. of it is made in the discussion of the test 
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KHMETEFF ON BACK-WATER AND DROP- DOWN 


the different formulas then extant went through a a “process ss of 


( : parison eimilar to that so ably presented in Professor Mononobe’s work. 


Obviously, to make the general ‘Bélanger formula (Equation (1)) usable for 
"practical purposes, it must be integrated in relation to cross-sectional forms 
~ and resistance formulas as they actually occur in engineering practice. That 
~ ‘requires, first, stepping outside the | limits of the idealized broad Tectangular 


Pet 2 and parabolic channel sections, as treated by the earlier pioneers, as well as 7 


doing away with the assumption of a constant Chézy factor value, C, as used ay 


Mononobe indicates that “monomial forms” should be 


a hich Mononobe had no previous 
appears t to the writer, ‘however, that the thought of giving ‘monomial 
separately the area, wetted perimeter, and other « elements, as 

suggested in Equations (18), is not so fortunate. In fact, in such general 
form, the assumption is s somewhat misleading, and, “moreover, ‘it tends to 

real ‘significance of. exponential expressions. 


method lies in the fact, that any curve, y =f), the value | of which increases 
with zx (Fig. 21), may be replac ed within certain limits (A with 
With reference to Equation (1), the area 

4 
and other elements not enter singly, 


constituting thus a combined which 


Values of y 


writer qualifies as the  “carryin 


apacity. value, 


4 New York, N. Y¥ 


hee... ‘On Varied Flow of Liquids in Open Conduits” (in Russian), 
“Engineering Soctety’s Monograph, McGraw-Hill Co., 1982. 


13. 


to be impressed by the painstaking efforts and the time which Professor 
| Mononobe and his collaborators must have invested in the preparation of this a ‘@e 
g paper. In the early stage of his studies on non-uniform flow* more than rf g Pigaln 
twenty-five years ago, studies which led to the methods subsequently developed 
4 — 
ame 
— 
i 
— 
— 
— 
— 
= 
is 


with 
depth certain limits, can be ‘expressed in ‘the sense 


a single value of n = the | hydraulic exponent. 


his course further, ‘Professor Mononobe arrives at Equa- 


Practical application depends on knowing the numerical values of these 
functions and, therefore, appropriate graphical charts are given in the paper. _ 
_ According to Professor Mononobe, numerical evaluation of the funetion 

values in certain cases. was direct, which is assumed to mean quadratures, 


whereas in other cases recourse had to be taken to converging series. Now, ot ‘ 


in historical retrospect, Equation (18) is generally similar in form to 

relations traditionally used by Dupuit, Bresse, and subsequent investigators. Se 
- With Professor Mononobe’ s notation the basic relation,” Equation (4), which 


-* equivalent to: Equation (18), and in the form used by the writer would read: aa 


>_—)—(1— — 6) — B({—) 
\o. 


in which B = — is taken to > be a coccient, whereas the varied flow = “4 


an expression into which function, ®,, is reduced 

ff 


substantial difference “between Professor Mononobe’s technique and = 


“that of the previous investigators (including the writer), is that, whereas ‘ 
heretofore the customary manner was to present the fanstlen values in Lenasnsodl 


— = 
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a 
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F form, the paper gives them graphically in chart form. - Obviously, tables and 
a charts are equivalent, . the preference for | one or the other being a matter of 

F. individual taste. An illuminating analogy would be to replace the customary — 
tables of logarithms by graphical 
a In the light of the preceding, the writer does not quite understand in 
whet way Professor Mononobe’s approach avoids } the mathematical complica- __ 


tions ns_ supposedly inherent i in earlier methods, and jin what manner it 


ke With | regard to details, confusion may be avoided by correcting possibly — 

a typographical error, in using an identical symbol, C, in Equation (1) for > 

the generalized Chézy factor, and for what is obviously meant to be *. 
4 The attempts of Professor Mononobe to complement ie: analysis with 7 
experimental work should be more than welcomed. In fact, although the | 
varied-flow theory has been the subject of repeated treatment, scarcely any 7 
experimental data are available, the best probably being still those assembled u, 

in the classical opus by and Basin.” usual lies in the 


CHARLES Stety,'* Esq. (by _letter).—The method for. determining 
back- -water and drop- down curves uniform channels, described by the 
author, lends itself to a relatively simple routine eal computing © these _ 
problems. The errors introduced by the approximation the 


wetted ‘perimeter are functions the depth | are 


‘That “assumption relations | between area a and 
and between wetted perimeter and depth does: not introduce appreciable 
error, even for circular” section, may be seen Fig. 22 for 
example § given by. Professor Mononobe (see text following Equation (32)), 
* which the depth in a circular conduit, 18 ft in diameter, ranged from ; 
80% to 75% of the diameter. The heavy dashed lines in Fig. 22 = | 
te actual variation of area and wetted perimeter and the full lines repre- 7 / 
sent the monomial approximations. neds al att moth 
a It is to be m oted that the range in depths of a back-water curve cannot | 
across the critical depth. In practical problems, even in channels 
not well adapted to the monomial approximation over their entire range, 
the range will usually be such that the assumption ¢ of 
will agree closely with the actual variation ileal hydraulic elements — 


Graduate Student in Univ. of Iowa, Iowa City, Iowa. 
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author’s method involves very simple reasoning and is adapted to 
relatively easy computing procedure. Having expressed the area and the 
wetted perimeter as approximate exponential functions of depth, Profes- 
sor Mononobe converts the differential equation of Bernoulli’s theorem for 


(1)) into form in which all hydraulic 


— Monomial ‘oximations 


@ ‘Wetted Perimeter, 
5 P= ky 
20 22 24 26 28 30 32 34363860 70 80 90 
Fic. 22.—RELATION OF WETTED PERIMETER AND AREA TO DEPTH 


70 120 140 160° 


variables are functions: of depth and, after _-grouping- terms 


the resulting equation to obtain Equation (18) which defines” the 


water curve in a uniform channel . A similar formula, Equation (20), 


Equations and (20) are readily by means of the curves 


r= 2s + 2 k) } 


which is the exponent of depth in the approximate area relation; 


is: the exponent of depth in the wetted perimeter relation; and om is the — 
of R in the friction formula used, Equation (2). One other 
_ term, K, is necessary in solving: Equations (8) and (20), and it is found 4 
in which V, and D, denote the velocity and depth, respectively, id 
prevail if, for the discharge under ‘consideration, the surface slope 
a we easy method of determining the exponents, s and k, is to aan 
them by means of the logarithmic differences of the values at the 
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MONONOBE oN BACK- WATER DOWN 


points of the range. ‘Thus, in determining the area 

~ log 4 i= = log a ats log D ae 


tog Tog As = log a + - s log D,.... 


the circular in the text following Equation (32): 
= 20 204.7; A, = = 64.2; Ds = 18. 5; and = 54. Reading the logarithms 


on an slide- 2.311 — 1.807 _ 1.267. 


the wetted | perimeter, type of calculation results in: 
It is seen that the exponents thus ‘obtained agree closely with those r 


derived by the graphical method. In the graphical method, the 


= in large location of the end points. 


line best approximating the curve, is open to criticism inasmuch as it 
a may give undue | weight to an extreme slope at one end of the range. 
4 ‘The logarithmic method is simpler than the method given in the paper 
Mononose,’® M. Am. Soc. C. (by letter).—In closing this 
oar paper, the writer wishes to add nothing further to the comments so generously 
= offered by the several discussers. The assumption may properly be made that _ 
= _ the method yields results that are safe for practical purposes. = with) 


at the ends is equivalent ‘the ‘of. 
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READJUSTMENT OF TRIANGULATION DATUM 


L. . SPEERT, 1 JUN. AM. ‘Soc.C. ‘@ 
readjustment 6 of the beste triangulation of the United ‘States 
1997 North American Datum created a ‘problem to all organizations whose 
surveys were. built on the basic system. Complete recomputation 
readjustment being out of the question because of their prohibitive ‘cost, a | 
the United States Geological Survey investigated methods of readjusting 
its e earlier triangulation to fit the new datum by applying corrections to 
the old datum values. - Since the corrections are usually very small, approxi- — 
mate “methods of determination give reasonably precise result, 
Several methods of readjustment have been developed. the sub- 
ordinate triangulation is tied to the new datum through a single base 
only, three ‘methods are available: Analytical determination of the 
new positions by applying formulas for translation, rotation, and linear 
seale change; (2) a graphical method for determining corrections by plot- 
4 ting lines of equal position changes; and» (3) a mechanical method requir- q 


oeFrn 


«ing an easily - constructed transparent rotating guide. _ When the subordinate am 
triangulation is tied to the new datum at three or more points, the new 
= are determined graphically by plotting lines of equal position 
: 4 changes. The corrections to length and azimuth of the geodetic line are ae 
determined analytically by formulas, | or graphically on a “nomographic chart. — 
7 _ The methods herein described are applicable also to the adjustment of 


n the United States Coast and Geodetic ‘Survey began its readjust- 

pm va the basic triangulation system of the United | States in 1927, it 
created a problem of major importance to. practically all other surveying 
in the country. triangulation of lesser importance that 


Note.—Published in May, 1937, Proceedings, 
= 1 Asst. Engr., Water Resources Branch, U. S. Geological Survey, Washington, D.C. | 
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READJUSTMENT OF TRIANGULATION 
had been computed from, or based on, the arcs nal the main _ no niet 
—~ these arcs as they were shifted or changed by the maep-oragrvernll 
When the task of bringing all its accumulated triangulation data into 
agreement with the new 1927 North American Datum was undertaken. by 
the United States Geological Survey, it was realized immediately that 
direct recomputation from the ‘original field notes w was out of the _ question, © 
because neither time nor money would be available for the execution of rs: 
~ guch | a huge project. ee avoid the necessity of complete recomputation, 
various methods have been proposed and tried wherein the changes in the — 
main control system have been studied, in order to. ascertain what changes 
must be introduced into “the e subordinate triangulation to regain the 
‘mony that had existed on the old datum, or to establish harmony where — 
none had existed before. In dealing» with changes of position, direction, 
and length, ‘instead of with: those quantities themselves, the magnitudes 
of the terms in the are kept small that simplifications 
ean introduced readily without, diminishing the accuracy of the final 
Much of the old Geological Survey triangulation was 


: adjusted as one from single bases. apd of these arcs have since been 


me of the closures of these circuits simultaneously with the sia 
to the 1927 North American: Datum also was undertaken. 
P The first rational attempt to readjust the old Geological Survey tri- 
angulation to the 1927 North’ American Datum by means of corrections 
to the previously computed values, was made by R. Wilson, M. Am. 
Soc. C. E., Chief of the Computing Section of the Surve y. His meee 
was fully and clearly deseribed @ paper presented before the Federal 
_ Board of Surveys a and Maps on April 11, 1933. ‘The following is a brief 
Many chains or networks of triangulation have been extended from — 
single basic lines of higher order triangulation of the Coast and Geedtte. 
Survey In such a net, any change i in length, azimuth, or position 


being true, it is necessary only to determine ‘of change 
co-ordinates of the ends of the base, and the corresponding. change 
in azimuth and length of the base. The entire system can be translated 
Pe to bring one end of the base into its new position; the system can : 
i then be rotated about this y point to bring the base into its correct azimut h. ‘ 
uniform cele is applied to all lines of the system, 
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their on he new datum, “and all lines may be corrected by the 
This method is limited its application to those systems of triangula- 
tion that are developed from a single base and have no other ties to the 
4 new datum. Tn many nets, however, other ties have been made, either ca 
the time of the original survey, or subsequently. In such nets the 
values obtained by this method would, fit the original base perfectly, but 
_ would be likely to show discrepancies at the other tie-points. For these P 
‘conditions, ‘other methods of treatment were found necessary. 


& datum are graphical method Soe the determination of 
position corrections has been developed by C. Nelson, . Assistant Topo- 
On a scale map or tracing diagram of the triangulation “net to be 
a adjusted, all available ties to the n new datum are indicated, and the proper 
corrections noted which are needed to bring the old values for latitude 
and longitude to the new datum. By interpolating along lines between the 
i. various ties, corrections may be obtained for intermediate points between 
the fixed tie-points. When enough of such values have been determined, 
it is possible to draw lines on the tracing representing lines of | aro 
corrections, or of equal changes from the previous positions. ‘This is 
ne wo very similar to drawing contours on a map when the elevations have been 
determined | at a number of fixed points. It will be necessary to have a 
set . of lines for latitudes and another set for longitudes. These lines have — 
been “named ‘ “isodiffs” lines of equal differences) and are also called 


a 


d 
“isolats” and “isolongs,” respectively. Fig. 1 illustrates the construction 
of the “Gsodiffs” for the relatively simple case of three tie-points. 
When. the number of ties is ‘greater than three, straight- -line interpola 
tion between tie- points sometimes leads inconsistencies. For instance, 
in the illustration in Fig. 2, if an attempt were made to interpolate along 
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both ‘diagonals, different values might be for the inters 
‘Under such conditions, it is advisable to assume a value for 
iy tion which would be a weighted mean of the values obtained from the _ 
a respective | diagonals, and to ‘Proceed: ee the interpolation from that pois 
as if it were a tie-point. 


the graph of ““sodiffs” constructed on the tracing, it is necessary 
only to superimpose it on the plot ‘of the triangulation plan, and the 
ee to be applied to each station in the system may be read from 
it Position 01 on the graph, just as the elevation of any point on a con- 
_— tour map may be read from the contours, this being the purpose for which 
es example, in Fig. 1(e), the corrections — to be applied to the old 
_ ordinates of Station A in the system to be adjusted, are read as + 0.03 
fer latitude and + 1.22 for longitude. Similarly, the corrections to the 
co-ordinates of Station B are - 0.02 and + 1.18, respectively.. 
The construction and application of the “isodiff” chart will be pe 
if different colors are used for the “isolats” and “isolongs, as well as to 
indicate | the latitude and longitude corrections, respectively. For instance, 
ved may be used for latitude corrections and “isolats,” and blue for longi- 


adit. 


will be noted that the judgment of. _the adjuster is an ‘important 

factor in the sketching of satisfactory “soditfis,” and different men might 
a ‘obtain different sets of lines from the same data; but experi- 


43 


ence has shown that for practically all. cases where three or more ties 
are available, excellent results can be obtained by this method. The “per-— 
sonal factor,” furthermore, is not as serious a disadvantage as eae 
= apes, since it is inherent in almost any “method of adjustment in rit 
which a number of independent conditions must satisfied. Even the 


soilication al the standard method of least ‘squares is not altogether free 
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RE ADJUSTMENT OF TRIANGULATION 


tions, but does not yield any new information concerning the lines. 
_ necting the stations. For this eee the following formulas have 


tions in a system: and applied to old values ‘to bring ‘them to ‘the new 
"4 datum, the lines connecting the stations are ready for readjustment, 
Although the inverse geodetic position “computation could be used 
determine the desired values for the lines on the ne new datum, sufficient 
a precision can be obtained, at a considerable saving of time, by the use 
do this, consider a line connecting Triangulation Stations A and 
in Fig. 3, with a length equal to s and azimuth at Station A equal to a. 4 
to the position 1 of Station A (as determined by “isodiffs” or 
by any other means) are dd, and di, and to the position of Station B, do, 4 
and dds. If the line is translated by — doy and — dds, no change in its ie 
or direction will ‘take place. ‘Then, the resulting relative changes 
in latitude and longitude at Station B will both be 0, and the changes at ; 
Station A will be = — dd, and = a, — These latter 
values represent the net change 1 within the snes AB, or the relative change 
of one end with respect to the other, and are the values that cause vin 
‘sg ever change there may be in the length or in the azimuth of the line. ou 
» ine Before they can be used in the computations, 8m and 8\ must be ‘con- 
verted from seconds of arc to meters by the formulas: 


The conversion factors, Q and R, represent the length on the e earth’s sure 


as varies from 30.7 m at Latitude 25°, to 30.90 m at Latitude 50°, and a 
mean value of 20. 83 m has been assumed ai sufficiently precise for all 
eer the United States. The value of | R varies mote rapidly re 


q 


2 we De and D) are plotted at at Station A to an enlarged scale, Point 4 


; ie. 3), ‘represents the new position of ‘Station A with respect to Station 

(to the distorted scale), ond the total displacement of the station is 
represented by AA’. ‘If this is projected on AB, then AE represents ‘the 
oa linear change in AB (to the scale of the plot) and A’E is measure of ; 

i ¥ the Totation of the line. The angular r rotation at St Station B (to bring BA to 


— 
— 
= ‘The proper application of the “isodiff” graph gives corrections to be 
aged in obtaining new values for the positions of the triangulation sta- 
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@ TABLE 1- _Vawe OF 


on the earth’ on the earth’s ae on the the earth's on the — 
a on a Latitude,| surface, of |Latitude, surface, of Latitude, surface, of - surface, of : 
1second of | ¢,in | Isecondof | ¢,in | Lsecondof| ¢,in | 1 second of | ¢,in | 1 second of 
longitude, | degrees | longitude, | degrees | longitude, | degrees | longitude, degrees | longitude, 

in meters in meters 


~ 
Tey ; Tt 
40° 


TABLE 2.— —VaLuEs OF Cc AND 


Factor Factor Factor Factor | Factor || Factor 
C | logs | K || C | loge | K | loge | K 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4. 
4. 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


~ _ wor 
— 
— 
al - 
06 | 20.33 || 32:8 | 4.122 | 18.58 
| | 20:08 |) 32:2 | 42130 | 15:20 || 2 
| 42.0 | Bois | 19.95 |) 32.0 | 4.133 | 15. 3 70 — 
| | 19/85 || 31.8 | 4.135 | 13:10 60 — 
ata | T 41.6 | M019 | 19.76 || 31.6 | 4.138 | 15.01 2 51 — 
i 31.4 | 4.141 | 14.91 || } 
31.2 | 4.144 | 14.82 || 2 — 
25 | 19.47 || 31.0 | 4.146 | 14.7 
‘ 4.149 | 14.63 2 
| | 19-38 || 30:8 | 4: 
29 | 19.28 || 30.6 | 4.152 | 14.53 — 
40.4 | | 19.19 30.4 4.155 | 14.44 || q — 
40:2 | | 19/09 || 30.2 | 4.158 | 14/34 || | 
| 38 | 19.00 || 30.0 | 4.161 | 14.25 || 
| Moss | 18:90 || 29:8 | 4.163 | 14.15 | 
39.6 | 040 | 18.81 || 29.6 | 4.166 | 14.06 || 6 
| 29.4 | 4.169 | 13.96 || ] 6 
4 | 42 | 18.71 “172 | 13/87 1 | 
| | 18.62 || 29.2 | 4.172 | 13. 37 
$9.0 | 18.52 || 20.0 | 4.175 | 13.77 || 
| | 18.43 || 28.8 | 4. i368 
(38.6 51 | 18.33 || 28.6 | 4.181 | 13. | ‘Os 
| 18:24 || 28:4 | 4.184 | 13.49 
056 | 18.14 || 28.2 | 4.187 | 13.39 | 
38.0 058 | 18.05 || 28.0 | 4.190 | 13.30 80 
060 | 17.95 || 27.8 | 4.194 | 13.20 -70 q 
63 | 17.86 || 27.6 | 4.197 | 13.11 | 
065 | 17.76 || 27.4 | 4.200 | 13.01 51 al 
37.2 | 17/67 || 27/2 | 4.203 | 12:92 || a2 
37.0 | M070 | 17-57 || 27-0 | 4.206 | 12.82 | ‘= 
1 | 17748 26.8 | 4.210 | 12.73 | (805) 230 
36.6 074 | 17 38 || 966 | 4.213 | 12.63 
hg 4.21 | 
4.230 | 12.16 — 
4.233 | 12.06 '905 | 
4.236 | 11.97 921 ia 
4.243 | 19.78 | — 
4.261 | 11.30 || 13.8 — 
— 4.265 | ||... 


but sin a, + 00 sa,. Therefore, 


a= — (D¢ sin a + Dd cos 


| 


which K = ———. It is readily apparent th that practically the same 


fel, 


_ rotational change « occurs at doth ends of the line, and da must be anil ; 


AE, Fig. 3, represents, in meters, the change in the length of the 


Tine, AB. If this is multiplied by a factor, C, which is the tabular =a 


“(in units sof the last” place) in logarithms per meter of then 
the change in log s = d as 
COS ai, and therefore: 
(log s) = (Dé cos — Di-sin a,).. 


6-place C= = Whee Factors and K may 


When the total latitude to both ends of ine is sppreciable 
4 (as is the case between some of the old astronomic ic datums i in the West and the 3 7 
19297 North American Datum), , and the difference in longitude e between 
oy the ends of the line is large, another term ‘must be added to the length = 


correction to allow for meridians. This need becomes 


=-¢ 


siders that the distance 


the same latitude, but on 

different “meridians, 

shifted north by the same 


ery amoun t, the differential 
be zero in latitude an 


ee since the movements of ns 
the distance between ‘then 


would be ‘decreased appre- 


oe 
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ADJUSTMENT OF TRIANGULATION paTUuM 
0 the change in length to Convergence, Fig. 
. Points A and ‘B are moved northward along different meridians 


to B’, respectively. ‘If M is the mid- “point of the line, ‘AB, MMW’ 
ae dgm, or the mean change in latitude of Stations A and B. In rai 


oe next step will be clearer if the line is ‘alias to be broken at M, — Be 
a and the two halves are moved separately = shown in Fi ‘ig. 4(b), so that MB” - =e 
is parallel to BB’ and “equal to dhm, nd MA” is parallel to AA’ and 
equal to ) For the small angles involved, the are, M’B", may be 
‘an sn as a straight line. Then, BB” = BM; A’A” = AM; and, AB ae 
+ BB". The shortening of the original | line would then be 
distance by which ‘the wo halves overlap, or, = aE = 


= Q arc 1’ Aa sin a. (4) 
ad 20 noting that 


always be negative, the becomes 


= 0.009 dom Aa Ae sin 


ees) = C (D¢ COS Dh sin 


in came form. It seems therefore, to use the 
mean azimuth of the line instead of thet at the 


s) s)=C cos a—Disna +0. 9.009 dm Aa sin a) ...(8) 

which Dé = 30,83 86; 86 = dd, — dds; Di = = dk — 
da, and 8s) = corrections to datum values for latitude, longi 


a= the mean azimuth of the line between Points to. 
oints and B) = Or a +44 and, 
Gat 


will usually be very small be 
4 
r tial change at Station A, the same might have been done, instead, for the # # [i 
— 
— 
— 
ima 
— 
— 
— 


anged 
CONTROL 


wre 
pop or * The product 4a sin « will always be negative. Signs must-be carried through algebraically 


Alas... 
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Fic. ‘FOR Comrce TATIONS. Form PRINTS | yor 


‘Four GEODETIC LINES). 


in Fig. — which may be performed conveniently the following 
order, using a slide- -rule for all multiplications: 


The State in which the occurs al the reference of the 
computation are en e 1 of the form ; the n names of the stations Se 


"their latitude and longitude corrections, 
on Lines 2 and 3; and the mean distance, and 


log s s to three decimal places, and Aa to the nearest minute on the form. Fok 


“Next, 8p and 8A are determined by algebraic subtraction and entered on 

Line 4, an nd D¢ : and Di are computed and entered o n Line 5. Note that 
Bak. is taken from. Table 1, using ¢ as the argument; sin a and cos @ are A 

taken from tables, using a as the argument, and are entered on Line lt 

i: De set on the slide-rule, D¢ sin « and Do cos @ are determined and Z 

entered on Line 7. Similarly, DA cos and — Dd 


‘Line 8; , dom is determi ned by inspection from Lines 2 a 


em, 0. 009 ats ae sin a is entered on Line 9. 


six decimal places, it is sufficient to use ¢ and a to ‘the nearest degres, y 


— 
is arr 
| 
— — | 
— 
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5. De_t/ 
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— 
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| 
= _taken by inspection from the available records for the two stations 
a nvolved. For third-order triangulation, with positions given to the nearest —- 
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ated; and K are md using log 8 
"argument, and applied to the sums as indicated to obtain da and d(log s) 
on Lines 10 and 11, respectively. The in initials of the computer and the 


date are entered on Line ia il io Led ‘ol ae antl 

Since C and K are direct to find either, for 


desired ie the log s in the table with the came mantissa, tnd multiply or 
= by | the proper power of 10; devin instance, C and K for log s = 2.200 
100 times C and K for s = 4.200, respectively; and for rlogs 
= 5.200, the values are wedi 1 times those for log om 4.200, ‘Tespectively. — Ine 
Table 2 gives C for 6-place logarithms. each additional place, multiply 
i ‘the tabular value by (10; for each place less than 6, divide sana 10. Table > 
rs arranged for intervals of 0.2 for C and 0.095 for | K. 


all” the necessary information average computer 
"shouldbe able to determine the corrections for line in 


each operation on the entire group before proceeding with ‘the next. — It a a 
colored pencil is used for recording the last 


order check the values of da and d(log 8) computed by the 


same corrections may be determined It has “scales for 
fe differential change in latitude within the line); 82 (the differential — 


change in longitude at the various latitudes) ; sin a; cos a; log s; and 
chart 4 Fig. 7) for the determination the “supplementary to 
-d(log s)’, due to the convergence of meridians. ai git, tata 
To use. Fig. 6, proceed as follows : Tod determine da, mark on the p soenes 
scales, Bo | (Point a), 8A (Point b) ‘for the | proper latitude, sin a (Point c), 7 
(Point d), and log s (Point e). On the 6)-scale, project: the -inter- 
tection of the horizontal line for and the curved line for to the 
horizontal line (Point 9); ming as a guide the fine vertical lines, 
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READJUSTMENT OF TRIANGULATION DATUM 
oth Connect log s a (Line ce) parallel line ( (a) 
through Sp to intersect the vertical index line containing the sin in and cos 


 geales. Call this” intersection Point (h). Connect log s with cos a 
de) and draw a parallel line through 8A (Line gk) to intersect the vertical — ea 
index line on the right half of the chart. Call this intersection Point (k), 
‘The line joining Points (A) and (k) intersects the da-s scale at Point 
To determine d(log ta), ‘the for (Point sin (Point 
and cos a (Point c) are the same as before: 8 (Point a) must be set of 
on the opposite side of the 8¢-scale, and log s s (Point e) must be ‘marked eS ee 
at Connect log s a and cos a (Line ec) and draw a parallel line @) 
through left index line as before. Call this 
tion Point (h). ‘Connect log s and sin a (Line de), and draw a parallel 
line (gk) ‘through 8), intersecting the right index line as before. Call >) 
this intersection Point (k). The line joining Points (h) (k) inter 


sects the s)’-seale at the preliminary v value for d(log 8) Point (I). 


| 


. Fi ig. 7, an auxiliary chart for the convergence term, has scales for log s, e ; 
(the mean latitude correction), and | 8)”. To use this 
chart, draw a line (ab) log s with Aa. Through the inter- 
section of this line with the diagonal, draw a line from dom (Point ¢), to 
intersect the right vertical index (Point d). p. Through this intersection - 
and a (Point: e) on the diagonal scale, draw a line (def) to meet the left 


use in the the nomographic < chart has been drawn on a 
mounted plane- table sheet, 18 by 24 in. in size, , and covered with a sheet ao 
4 of transparent ‘cellulose acetate. ff All marks and lines for each problem | 
are drawn in pencil on this cover, from which they may be easily removed a 
later 1 with a soft eraser, , leaving the chart clean for the beginning of an- 
other problem. Parallel lines are drawn by ‘the usual methods, using - 
A complete problem (determination of da and d(log s) ) can be solved i in 
about 2 min by one familiar with the charts. . 


Examination of the Wilson method indicates that, two tie -points 


aaa: sufficient to control the adjustment of a triangulation net if no others are + ‘ 
available Since this is true, it should be possible to draw ‘ 

graphically, the same adjustment that would be “by 

application of the Wilson formulas. _ Interpolation along the line between 

the two tie-points, however, gives only the spacing of the “isodiffs”, but no. a 

indication of their directions. It should be possible to compute, by the 


the position changes of one one additional point on on the 
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READJUSTMENT OF TRIANGULATION DATUM. 
to use as s the third control point for the isodiffe”. This” 
aa 
bogs 
by! 
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th 


a 
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4 


| 
4 


= 


d(Log s)" Always Opposite in Sign to dém 
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Keone 
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jee j 


mination of the various constants, , could be dieguent with if a means were 1 
found to draw the “isodiffs” from only two points as a base. This means & 


be found by the principles o of the Wilson 


a 


Fig. 8. 


— 
E | ai 
— 
— 
— 
— 
— 
— 
Assume, for instance, that Ties A and B (Fig. 8), are available with 
—— 
— 


$i, Dd, and Dr. De and D) are plotted at A to an enlarged 
qs before, Point A’ becomes the new relative position of Station A te 
Point EF the projection of Point A’ on L Line AB. Then, AEF represents the + 
change in length of AB and A’E is a measure of the rotation of the base. " 


Since the entire receive the same treatment as the base, all 


lines must be swung by the same ‘amount, K x AE E, around Station Basa ee 


pivot, and reduced (or expanded) by the san same ratio, AE 


convenience, -eonsider Point Fo on the same meridian and Point Go 
the same as Station ‘&B, that BP = BG = = At Point J the 


e 0 


“AL the spacing ts” along I = Mo. 


Point G the relative chang latitude ; is by the factor, 
AE, only, and equals 4 A’ VE , the: ‘spacing of “Ssolats” along” Line 


= by Then, * . It is now 


possible to draw the ‘ Gsolats” ‘by « either of two methods; ; By interpola- 


is tion along Lines» BF and BG » using the intersections ‘on Line AB as. a 


check; or (2) by the simpler method of interpolating along AB and using — 

the directions, indicated by the slope ratio, “isolats” 


Similarly, the sdiaites: change at Point F is produced by. VE 
and equals “— and the ‘spacing of the “isolongs” along BF equals 


=m; ‘leo, the relative longitude change at Point G is 


AE only, and equals . AE, ‘and the spacing of | the Line 
= pr. Then, 


‘golats”, 


im Tt will noted that the of the “isolongs” is the negative recipro- 
cal of the slope of the “ isolats”, which, by the principles of analytical 
geometry, shows them to perpendicular to each other. similar 


are it may be shown that the normal spacing of the “isolats” is 

> that of the “isolongs”, <= Th herefore, the normal spacing of 
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‘Special ‘attention may now called to certain fundamental features 


of the “isodiff” diagram. Whenever a net of triangulation is shifted 80 ay 


that no change occurs in any of the angles of the 


(a) The be straight, parallel ines, uniformly spa ‘spaced; 
The “isolongs” also will be straight, parallel Hines, 


they will be perpendicular to the “solats” ; and, 


(c) The normal spacing of ‘the “solats”” will be to the normal spacing 
the “isolongs” as Q is to R for the mean latitude of the project. 


Conversely, appear that, when a graph of satisfies 


"Conditions (a), (b), and (c), the shape of the triangulation net being Dad 

x In other words, the net may have been oS 

shifted, rotated, expanded (or contracted), but the angles have» ‘not 

been altered. will be true if one other condition is satisfied; namely, 
if the direction of increasing values of the “jsolats” is taken as north, 

the values of the ‘ “jsolongs” should increase e to the westward. this 
_~pattern is kept in mind when | drawing “jsodiffs” for the ‘general problem of 


several tie-points, an effort can be made ‘to adhere to ‘it as far as. possible, 


To summarize the simpler construction for “isodiffs” when only two ties 
are available. for a system: At Station A, plot D¢ and to locate Point 
. Measure Lines AF and A'EL Along the meridian through Station 
7 (BF), lay off of BJ = _ WE. _ Along the parallel through Station B(BQ), : 


lay off BL = AE. Interpolating along AB for the “isolat” intersections, is 


; draw “isolats” parallel to JL. | Interpolating along AB for the “isolong” a 

intersections, draw “jsolongs” perpendicular to These “isodiffs” may 
be extended beyond Points A and B, respectively, by ‘continuing the same 

@ spacings. Asa partial check on the work, it many | be noted that the none Se 
distance between ‘ “jsolats” is to the n 


* 
From these’ “Gsodiffs” the same position corrections should be 


as by the Wilson formulas; and the uniform azimuth and distance correc- : 
tions may be applied to all lines in the same manner. 


Another method has been “developed by Mr. Nelson for the graphical 
application of the principles proposed by Mr. Wilson. On ae stiff trans 
parent medium, such as celluloid or cellulose acetate, lay off Line AB (Fig. 74 


9). At Station A, plot D¢ and to locate Point A’. Then, AA’ repre: 


sents the actual movement (to the distorted scale) of Point A. With the 
system pivoted about Station B, all, ‘points on “the system will receive 
the same relative movement with respect to B, ‘the magnitude of the move- a 
ments varying only with the “distance of ‘each point fr from the ‘pivot. 


BA and BA’ are extended indefinitely, any ‘point ‘the 0 original position of 
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-Jongitude for each station to the of the and divide by Q and R, 

respectively, to obtain and (dd The projection to BA’ be 

made by eye if a number | of lines are ruled on the guide parallel to AA’. tt 
am When a number of stations are to be adjusted by this method, time can 
be saved if scales for (d¢)’ and (dr)’ for the mean latitude of the project, 

are prepared in which one unit of (d)’ is to one unit of (dd)’ as Q is to R. 

A *. With the aid of these auxiliary scales, 34 and 3), for Point A, may be | 
plotted directly on the guide without first converting them to meters, and 
(d¢y’ and (di)’ may be scaled in seconds instead of in meters. Of course, 

: - the corrections at Station B must be added to 0 those ‘obtained by the use 


readily apparent that all the methods of adjustment herein 
or ibed are based on approximations of varying degrees. However, since 
the actual quantities considered are so small, they may be determined 


‘Spproximately and still be within the ‘accuracy of the 


es 


figures, and a 10-in. elidé-rale will be 


_ ample; for the graphical work, ordinary plotting precision will satisfy 


r? i 
The weakest link tha the 


when several ties are 
‘over, these methods noe errors or inaccuracies that: may exist in 
the original computations. In the readjustment of good field work that has 
been rigidly adjusted to a good datum, the change of datum will n not be 7 
— Tikely to distort the originally adjusted figure to any great extent, so that a 
the § “isodiffs” should be sketched with little difficulty and will be fairly 
regular lines, well ‘spaced. ‘For such work there should be little question 
about the suitability of readjustment by 
as the field work itself contains 1s appreciable ‘discrepancies, or if it was ony 
g - not properly adjusted, or adjusted to a poor datum, the corrections at 4 
the tie-points: might not be expected to be consistent. The “isodiffs” for 
such a ‘readjustment might be badly curved and poorly spaced, but the 
o—— based on them would probably be no worse than the orig- Sy 
_ inal work and would make the survey available on the new datum, whereas — 
its ‘usefulness might otherwise be lost completely. & ant 


pA would fall on BAY after | 
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cag 
ly 
al 
2a — 
| 


ait These methods, furthermore, permit the closing of cireuits that formerly ; 
consisted of independent links tying to common stations, but with diffe 
ent co- )-ordinates. on ‘some problems of this type, it is a simple matter to B18) 4 
sketch the ‘isodiffs” between the fixed ties, making due allowance for the . 


Another | method that sometimes gives ‘good “Tesults ‘is to assume as 


spective triangulation: tying to it, weight depending 
strength of ‘the respective nets and the distance of the common station 
from each of the fixed tie-points. The common station any then be used 


third method , somewhat longer than either of foregoing but, 
perhaps, "more involves partial _ preliminary adjustment, 
link in the circuit is, in turn, adjusted to the datum of “any one is 
‘ive the links, regardless of the fixed tie-points. When the entire circuit ie 
reduced to a single unified datum it may b be 
Other appropriate methods will doubtless suggest themselves to the 
computer, according to the specific problems on on hand. vol it 
_ The use of these methods for readjustment of old work suggests an 
application: to work that at might warrant the consideration of the 
extended from one fixed base to close on another, it should _ possible to 
begin with the fixed positions at one of the chain and 
through individually adjusted figures to obtain new values for the fixed © e 
_ Positions at the other end. The necessary corrections to bring the closing o 
‘stations to their “proper positions may then be determined, and “isodiffs” 
drawn for the chain, using the corrections determined for the closing pe b 
and zero corrections for the other end. Then, all intermediate positions could 
be corrected by the indicated | amounts, , and all lines corrected for azimuth and e* 
scale by the formulas. By this means, latitude and longitude ‘conditions, 4 " 
well as length azimuth conditions, would be satisfied for both 
"bases. . Although the results might not agree perfectly with those of a 
complete, rigid least-squares ‘adjustment, it is believed the "differences 
would be very slight unless the strength of the chain "varies appreciably 


_-‘The choice of methods for readjustment of datum may be summarized — 


A (a) ‘When two ties to the new datum 1 are available, determine position — 4 
7  eorrections by: (1) The Wilson formulas; (2) the rotating adjustment 
guide; or (3) the two- “point “isodiffs”. uniform | azimuth and 

When three or more ties are available, construct an 


oP,” 


graph for the determination of posi 


_Tength corrections by the formulas or by or 


— 
— 
— 
— 
— 
' 
x. 
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STRUCTURAL ANALYSIS BASED | UPON PRIN- 


BY Mesens.. Menscu, Freperick Suapmo, James 
Grirrira, Camitto W F. B. Farquuarson, * Davip M. 


the jaa structure are by. ‘the use of unloaded 


. ‘models, known deformations are produced at a section at which the stresses 

: are desired, and the ‘corresponding displacements are measured at the point at 
AS which the load is applied in the actual structure. The ratios between the 
= latter and the » former deformations s give the ‘required stresses for a unit load, 
and when the original deformation is taken as unity, the model. forms the 

=< line of stress. To obtain a moment, a vighy or unit Totation is 


‘notation with American ‘Standard Symbols for Mechanics, 
ors and Testing Materials,’ compiled by a committee 


efinite value of z; a2’ = L—a=a definite - value of a’ 
_ a” = distances measured along a cantilever from the support; 4 
the intercept at End A of the tangent to the elastic curve, at 


— 
° — 
—  &§ 
— 
— 
— 
— 
_ 
produced to obtain a shear or a reaction; and an axial displacement 1s pro- ia 
a duced to obtain a direct tension or compression. The geometrical analysis of = = aa 
these operations without the actual use of models leads to fundamental 
simplifications, and it is the purpose of this paper to establish the few simple 
equations necessary for the use of this method of analyzing statically : 
ental beam with a constant moment of inertia used in this 
al — 


STRUCTURAL ANALYSIS BASED ON UNLOADED MODELS 


ee 4 = the sum of the relative ve tiffness values of the ends of all mem- _ 4 : 
bers at a joint; and, therefore, = + 8,; and, 

k = stiffness of a member = —; 
= bending moment; an moment at End A of Beam 4B; 
Mss = moments at End B of Beam AB; and are positive oe | 
Yi a the same directions as their “corresponding rotations (a); 

= ratio of end rotations; for rotations at Ends A and B, 

dale tively: m =. =; and, m for 
= originating at A and B, respectively; — 
a substitution factor (see Equation (18)) ; 
P = total concentrated load applied at point of the actual 


S$ = relative die value = (1—0.5 m)k = the resistance to 
rotation of the left end of a member; S’ = (1— 0.5m’) k=the 
resistance to rotation of the right end of a member; 

mae vee, — S, = the sum of the relative stiffness values of all the mem- _ 
bers meeting» the left end of a member at a joint, but not 
including the end of the member in question. Since the 
right ends of the members connect with the left end of a 
+, ete.; Ss is a quantity similar to for the right end of 
W = total uniform load ona beam; 
= variable abscissa of the influence line, ‘Measured from the 
variable ordinate of the influence line; ye = the ‘ordinate 4 
center of the beam; Ym = the ‘mean value of y for any 
= = the angular rotation of the end of a member relative to he 
final direction of the axis. It is positive when the rotation 
ae. such that tension is produced in the “upper” fibers. As : 
ie ao... be seen from the analysis all members have a “left” 
and a “right” end, both of.which are definitely determined; 
the terms “upper” and “ “lower” are also definitely 


at sms ae = the deflection of the left end of a mem aie relative to the right 
end and is positive when the left end is “raised” relative to 
= energy; internal work penny iid the work involved in 
diminishing Teaction (see Equation (26)); 
5 ee ae = the angular rotation of the end of a member relative to the 

original direction of its axis, and is Positive in the same 


— 
— 
— 
i 
4 
— 
ee 
— 
— 
— 
— 
g 
| 
q 
— | 
— 
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i CTU RAL AN ALY SIS ‘BASED ON U NLO ADED 


The "present analysis will 
-jimited to skeletons or frames’ with 
vertical columns and horizontal 
beams, each of constant moment of 
inertia and all of the same homo- 
geneous material, with constant Ric Lom 
modulus of elasticity. As Momenr ar 


- other, similar methods of analysis, the structure is first restrained a 


we 


nd the are corrected. For let AB rth a beam within 
typical skeleton shown in Fig. 1 in which the bending moment, M,, at 
‘Point FE is Tequired. ‘If the skeleton were merely simply supported at Points 
A and B, a unit rotation at Point E would produce the | deformation, 
CaP BD’, in the model as shown in lines, in Fig. i. Then (with 


then the final influence line for bending moment. 


It will be seen from Fig. 1 that all | branches of the influence thee: for My, 
3 are simple geometrical curves, produced by the rotation of the broken ends at ¢ 


Point and by the restraint at the far ir ends, excey ‘except B, which is a combi- 
a nation of the triangle, AEF’ B, corresponding to free supports at A and B and eo 
the eventual restraint at Points A and Bo These rotations, restraints, and dis- 
placements produce typical bending ‘moments: in the several parts: of th 
_ model, which admit of an easy analysis of the curves formed. Tt should be 
i _ kept i in mind, however, that influence lines may be considered as geometrical 
curves which can be obtained by geometrical methods. Equations (1) to (21) 
which follow, have been obtained experimentally by applying visible displace- 
ments and unit rotations to models composed of elastic splines. The resulting = 
curves: have been analyzed in in n Appendix The basic ‘theory 0 of unloaded 


FUNDAMENTAL EQuaTIoNs OF INFLUENCE ‘Lines 


When an spline (see Fig. 2(a)), pin- -connected a Points A. and B, 
is rotated about Point A through angle equal toe , the corresponding 

or m =£ = ‘This | experi- 
_ Ment may he checked by abstract: theory: Rotation at t Point A produces 


— — 
— 
— 
— 
— 
.otion of anv deformed member or part 
| 
ns 
— 
— 
to 
r 
otate) Points C’ and D’ and the ends of all other beams and columns. 
a 
he q 
4 
4 
» 
— 
to 
=. 
— 
a — 
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bending moment in the which maximum at 


4 decreases uniformly to zero at Point B. At Point A, the reaction of - 
beam, loaded with that triangular moment area, , is twice that at Point B nee 
and, because the inclination of the tangents to the elastic line are propor- 


Yo Bia. : G. 2.—SIMPLE INFLUENCE LINES 
ai However, when other members join at Point B to create a total relative 


stiffness » the rotation of the spline restrained ately as shown 


— 
— 
— 
| 
— 
— 
— 
— 
7 
— 
Similarly, rotating the spline about Point B and restrair 
— 


Referring back to o Fig. when the spline is released at Point 80 that 


- the value of f increases, the strain on the | spline a at Point A is ‘reduced by 
one-half the corresponding increase ; and since pe Point B is fixed and 


‘cannot rotate, = =k (for f= = and m = 0): 


‘The curves | shown in Figs. 2(a) =~ 2(b) are typical simple influence lines; 
they are obtained by applying t to the e spline, AB, bending moments at Points ~ 
Aand B and, consequently, may be analyzed as lines. of Beam . 
by areas of moments that uniformly from: 


at Point 


at Point B (see Fig. ‘Thus, one may derive: the very simple 


ail 


When the aye is simply supported or pin-connected at Point B: 


(E42) 


— 


il: 
it 
— 
| 
|| 
— 
a 
— 

| 
J 
— 
— 


Side-sway is not taken into account 
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and, 


bes 


vf Equations (1) to (10) are the fundamentals required for analyzing frames. af 
They apply to all classes of influence lines and id lead to new and useful analy- oh 
tical and graphical interpretations of these curves. Of special interest is the = 
fact that the relative stiffness of end panels cay be easily calculated from 
‘a E Equations (8) and (10) and that, therefore, the statical indeterminancy due to 
restraint at the support ‘need x no longer be a serious factor in “computations. eS 


correction can be made easily. él = “29 “a 


Fig. shows. a beam or column in its normal, unstrained If 


-‘End A, with all of the part of the structure to the left, is translated — : 


ow 


when End A is simply supported: m’ = 0.5; 0.75 = 


aft 


in equations, but the necessary ae 


iz 


J 
— 
_ 
= 
| 
4 
— 
— 
— 
ay 
— 2 
— 
— 
| 
—— rs to the left of Point . 
— 
~ = 
— 
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STRUCTURAL ANALYSIS ‘BASED ON UNLOADED 
NG cannot move , parallel @ the origing I position 1 of Member AB, but ; are free 
a to move perpendicular to th , except that : all Il members move th the same > 
A distance, A. All members j lered free to ‘Totate as much as their 


A and B, then, 


in 3(b), 80 that the algebraic sums of the deformations are: 


= 


m’ Sp 
For. example (referring to Fig. 3), let —— = 110; S= 70 + 150 + 80 = 300; 
a S, = 50 + 40 + 60 = 150. If Joint A is displaced vertically « a dis- 
(anes, A = 1, the rotations are: At Joint 7 ZL, and, at Joint Bt. Th he 


line for shear at 4 of Beam AB, be de determined as 


d gre = 102.6 + 150 = = 252 3.6. ‘The net rotation, therfore, 


— 
— 
a) 
| — 
DISPLACEMENT IN A RIGID FRAME 
) a end to resist rotation and exert a counter rotation “7 a | aes 
» 
- iia 
| 
— 
= — 
3 + 300 — 
— 


Special Fig. 4 ‘4(a) Joint Bi is restrained by a stiffness, S» ¢ com- 
posed of the stiffnesses, S, + S, + The stiffness ratig, + 


Wee 


q 


4 


| 
wit 


If is the simple support, for A = 1: = 0; m = = 0.5; 
= kes and, = 0.75 ki + Sp » Substituting Equations" (10) and 


On the other hand, if Point A is fixed (see Fig. 4(b)), for A = 1:8, = @ a 


— 


= ; and m’ = 0, substituting these values in Equations 


- 


4 

— 
4 
— 

— 
— 
ie 

— 
— 

— 

and, 
@ 
a 

— 

|) 
— 
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_ bers meeting at Teint B is then applied, a counter rotation occurs, equal to & 
(34 Finally, for A = 1 and =k: —f=1— 2% (see Equation (14)). 


‘The force necessary to produce a given linear displacement of of ‘Seaport 


3 ih respect to. Joint B of the unloaded beam, AB, 
_ ports, cor rresponding to known bending n ——* at the joints, isP = mons 
‘in which, to Fig = 2Eb 2S —f at nd, Ms, _ (2f—f), 


Making the necessary substitutions and simplifying: 


INFLUENCE LINES FOR BENDING Moments 


|The in influence line for bending moment at any section, 
Fig. 5), is ‘obtained by ‘applying a unit ‘rotation : a Point 


_ Joints A and B are simply supported the unit rotation deforms the member, — a 
as shown in producing the broken beam, ‘AE B, so o that 


— 


The be restraining of the connecting members of 


a- a — shown in Fig. 5(b), so that, finally, in Fig 5(c): 
= 
= —ma 


Ka ; 


N 


— 
_—Equati f le, in Fig. 4(b) if Support 
ence to Equations (11) and (12); 
— 
— 
Ee 
— 
= 
— 
4 
> 3 16a) - 4 
io) 
be 


— 
de 
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In reneral , the ‘mean ordinate is pressed b TAMA 


™ 5.—INFLUENCE LINES FOR BENDING MomMeENTs, 


GROMETRICALLY 
Who =o =0 5L, the ordinate at the center, ‘Yeo and the mean 


&g 
— 
= = 
a 
4 
— 
= 
= 
7 
| 
and, 


again it is line influence lines, considered as_ 
. a geometric curves, can be derived by geometric methods alone. For example, 
the ordinate of of Fig. 5(b) may be deducted from corresponding ordinates = 
‘Fig. 5(a) to secure the final curve of Fi ig. 5(c), without becoming involved in 
. a the theory of stresses or in stress functions. When a = ad and « é= =* the = 


Pos 


a4 Fie. FOR ‘BENDING ‘Moment, Mo. 


result is ay is an influence Tine for the (see Fig. 6), for which 


a 


PIG. — INFLUENCE LIND FOR BENDING MOMENT A f 
Beam 


- 
— 
— 
value of the methods outlined in this paper may be illustrated by 
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and B, with a extension Point B. The bending n moment 
is required. Breaking the hypothetical Point C and Totating 


one of the parts with respect ‘the other an angle equal to 

Fig. 7(b)), ‘produces the line for Mo, ‘AC’ B, with major 


& 


+ 


FIXxep aT ONE END 


q = 
— 
— 
il 
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angle, -= (see Fig. 8(b)) and then Point B’ back to its 


an lhe from Equation (1); ym = 

_WL_ Pra 


aa 


| 


‘Point C, Fig. 8(a), the beam is at Point. and 
Se t=. = 1, as in Example 1. _ End A is then rotated back until it is 
" 5 once more | horizontal, and for this operation considered separately, the hypo- 


e thetical beam has the form shown by the dotted curved line _ shown above AB 
in Fig. 8(c), (f’ = +a’ and f= + 0.54’), for which Equation (7) gives the a 
_ ordinates. _ For the first first operation the ordinates are the same : as in Example 1. pe 


The final ordinates are the differences between corresponding ordinates in be 
Yn = — —— 


+8 = and, finally, 


> 


Mc = W Ym + Prt + Pe ty eee 
is to be noted that the ordinates in be 


It is to be noted also that the effect « of the load on the eautilover section is 


to produce positive bending moment in Member AB when a a 


Example 4. —Consider the continuous beam in Fig. 9 which is 
“required. This beam is elastically determinate, with: 


&= = 015 ke = 80 + 45 = 195; 


Referring to ‘Fig. 9(b), break t the beam at at Point B; rotate 


one part through an angle of 1; and holding the e angle aeien the two ends Bu : 
at this joint at ‘1, return End C back to a pin connection in its original posi- = 
tion. According to Equation (22a), the result is that End B of Beam AB 
an measured by f,; = 2, and (since the beam. 


16 x 16 = 10.24; and (since BC is simply 


. ig. 8(a). the beam in Example as bee fix: a A. 
| 
= q 
iy 
a — 
: — 
— 
4 
&g 
— 
i@ 
| 
— 
= 


= 6; and d, = 1.06. Equations (7): 

Ym = — = 1.28. Finally, y = — 1.6; and, therefore, Ki? i 

M, = 12 x 06 +15 x 1.06 + 8 x 198 5 x 16 


>, 


— 


9.—INFLUENCE Lines FOR A ‘Continuous Bram 
Example 5.—The influence line the reaction, R, in the beam shown 


in Fig. 9 may be determined by reference to ‘Fig. 9(c). deflect End 


0.36: 0.77 — 0.096; x5 | 


a 


— 
— 
— 
— 
> 
a 
— 
— 8 
+ 
— 
— 
\ 
— 
— 


j 
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~ gontal force as shown in Fig. 10(a). The values, H, and Hp are santos 
The stiffness, AB and is equal to ‘A, and, , therefore, 


Mit 


S,=244 


lume 

= 


ont 
Mil ta iy 
™ Sipe WAY IN A RIGID FRAME 


and 8’, = 10, respectively. In Beam BC, at Point B: m = — 30 


= 3; = 24.4; and, at Point C big 0.3; 


ik 

If the effect of force, P, is J 
deflect the frame ieninn | any distance, A, with respect to Points A and D 


_ (assuming Joints B and C as pin- -connected), the next step is sinepanii to that 
shown i in Fig. 3(b), with the result that,’ = A = 1 and f = 


Restoring the ‘Tigidity in the joints by -spplying counter- 


4) “2 X25.) 0.423, the adjustment being 


6.—Consider an unsymmetrical portal frame, loaded by a hori- 


— 
— 
| 
a 
— 
4 
— 
= 
2 — 
1 
a = 
4 
a 
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0493 + 0875 x 0. 676 


+ x 0.423 x 


0.746; h+ 514 1 = 1814; and, + = 0.746 + 1 = 1,746, 


20 514 10? =0.77; Ha = _ 0.77 


0.435; and, 


Therefore, Ha _ — X — X — =0.77; 


bers. are computed first, beginning at ‘the ‘panels T5k when 
the end is free to rotate § and S = k when it is fixed. - Then, i imposing ¢ an oe 


imaginary” displaceme nt or rotation, the rotations 


in _the manner shown, which st each load § give the ordinate by 


ested that the of the hypothetical be sketched as 


Some of the fundamental advantages of this method of ‘structural: 


As a of (3) ‘numerical errors section 


is freely given to Bernard Weiner, 
meticulously careful examination of this paper before publi-- 


- - the ne ideas ‘contained, and the authorship of Appendices I and It i is his entirely, — 
except, as noted, that Appendix I is based on thebry developed by Henry 


THEORY OF THE ANALYSIS oF ‘Untoapep Mopets” 


» Model used for the analysis of structures may be divided roughly into two. 


a classes : Models” and “Unloaded Models.” The first ‘ype is 


— 
— 
| 
: 
| 
monstrated by . ; 
Bauation nd analyzed as de 
4 must be computed by Equation (15) a 
— 
at anv section mav be computed i 
a __(3) The stress at any section may be 
— 
— 
— 5 
— 
— 
— a 
— 
— 
— 
— 
— 


UCTURAL ANALYSIS BASED ON UNLOADED MODELS 
ae which are - proportional to the loads that will presumably be asses 
ia _ by the actual structure. No loads are applied to the second type of oan. 
' bat, instead, a known deformation i is introduced at one point of t of the the model and Lf 
the deflection at some other point is measured. ‘The stresses are obtained 
from the ratio of these two deformations as will be shown subsequently. _—.. 
a The two types of models differ in t the manner in- which the required 
information i is obtained. In the first case, the action of the re real structure is 
. reproduced in the model and the data are obtained by direct measurement of 
the quantities involved. In the second case, the “manipulation to which the = 
a model is subjected has no direct counterpart in the actual structure and 
the results are obtained by a mathematical relationship which exists 
between the deformations the loads acting in ‘the ‘prototype 
known example of this latter type is that developed by George E. Beggs, — 
a ‘The derivation‘ follows was developed by Henry G. Babcock, Assoc. 
a M. Am. Soc. ©. E., as a proof of the validity of the Beggs method, but it | 
7. applies ¢ equally well to | to any other type of model, or to an imaginary model as 
the case in this paper. nating aan bax’ ter 


jaan P (Fig. 11) be a load acting at any point, C, of a mares. 


action ‘of R; let A, be the 
of Point A when R = 0; and, let A. 
equal the ‘component of that part 
= the deflection of Point C in the direc- —e 
- tion of P which i is due to the removal ta 
of the reaction, R (thus, rs does snot | 
“include the deflection of Point 
due to the application of P while 


_ As Point C moves + through the distance . Ae in the direction of P, the 
of this work is done against 


As 


To evaluate ¢, remove P and p permit Point A to return to its. sali pea 
. tion. Now, apply a force at Point A, gradually i increasing it from zero to — R; 
M.. that is, in a direction opposite to that of + R. _ Since every force produces _ 
its own characteristic deflections at every point ofa structure, independently _ 7 
of: any other forces acting, it follows that the load, — R, acting alone will = 
Am. Soc. C. E., Vol. 88 (1925), p. 1208. 


4 
— 
— 
i 
— 
7 
' 
on the reaction of Point Adueto P;let; =, 
— 
— 
* 
—— 
— 
— 
ii 


ory other of the and, hence, the same internal work, 
4 out acting, 2 is. | the total external | work and « the total internal, 


Since the ratio, of the value of P, it may be determined 

byt moving Point A through any arbitrary known distance in the direction a 
of R and measuring the corresponding component of the deflection at Point 0 ie 


The derivation ‘ean be extended to include m moments as well as 


in which ii is in ‘circular measure. 


ween that it applies also to the moment, thrust, or aun. at any point of ‘— ‘ 
e. Ifa: model is c cut at any section and the two cut ends are moved 
apart by translation (or rotation) a known amount relative: to each other, 


any point ‘of a structure. "Finding reactions is, therefor, only a a special case 
_ of finding the stresses at any point in in general. raid 


: The theory presented in this paper can be derived without reference to oi 
ale: The usual theories deal directly with ‘the loads and their reactions 
and stresses. . Here, an indirect method | based on the deflections of a model 4 x 
used, and "simplifications result. If instead of discussing more or less 
manner as a physical ‘model is deformed by ‘gages, and the ‘relationship 
between the deflections established mathematically instead of by measurement 
as in a actual model, t the understanding of the theory is simplified. Hd wie “i ‘2 
Z In the derivations which follow, the customary theories are used only in - 


abstract deflections, a model is imagined to be manipulated in the same 4 


. so far as they are necessary to develop the equations for the deflections. Once 4 


these relations are established, stresses are obtained “model analysis” 


— as was produced. by the removal | 
duce the same deflections, A,, at Point A as was P 
1A 
— 
— 
— 
a 
7 
a 
— a 
— g 
— 
— 
— 
: 
— 
— 
— 
— 
— 
" 
- 
— 4 
— q 
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Aw: ALYTICAL DERIVATION OF 


tet Fig. 12 shows a simply supported beam subjected toa typical efemeation, 7 


) — 

ab “Fie. 12. = 

Ek ; whence, 04 = 

— — R; anc 3 Me +B. Solving for M, and M;: 

: =2Ek(2 04 — +3 R). 


= E k +2 —3R) .. 


+. 


acer of the “slope deflection method” and will be found in oe 
‘standard text on statically indeterminate structures, system of signs 


| 


ss? at Point tB Temoved from the remainder of ‘the structure. 


— 
— 
— 
- 
a 
/§s 
— 
— 
i 
— 


: Gan, this part of the structure will deform as 
shown. The relation | between 4s will now be found (side- -sway 
(30) and 14 as follows: 


14. 


Since th is the same ends all members 
meeting a at the joint: me 
(k+k +h) Ona Boe One = 


definition, since 6 = a for this case, Spa | 


Consequently, it follows that: 


‘By definition, ky Equation (3a)); 
ee (8b)); and 8, = ete, ‘Therefore: q 


= 


2 


Similarly, when AB is removed, with all members Beam 
A, (Fig. 13(b)), and Joint B is rotated through an 


= 


“4 


From Fig Fig. (18): 


— 
— 
| : 
D 
— 
— 
be 
— 
— 
— 
~ 
— 

— 
| 
— 
i 


rotations. 
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= 0 when = 0 and 2 2 


fi. 


= 


Brera: 
(0) formula of the ‘curve in terms of the end 
ay 


Fig. 16 a two beams, AB and BC, _ joined at Point B and rotated 


with ‘Tespect to each other through an angle of 1, to produce the influence — 


L2 
eu 


— 


s Integrating twice and remembering t 
|| and substituting the values of M, and 
— 
) 
— 
line, My. In this case, 62, + = 0 = 1; and, My = — 
 ~Writing the values for Ms, from Equations (30), and equating 
— 


a 


operations which lead to Equations ‘ans 

the last equations take the following forms when R instead mero: 


these two equations simultaneously for 6 Ona: 

= | 


4 simplifying and re- 


—0.5k 


ont 


prog 12, Py (Ma — Ma) Mp) the values 


M, and from ‘Equations (30): = 
(84 — 


that used for obtaining q that R = 0 for all members except AB, 
tions ce more and rem 
=! 
— 
ay 
— 
— 
— 
— 


= STRU CTURAL ANALYSIS BASED ON U NLOADED “MODELS 


= tt ax 
+ 
(43) also be use the for side-sw: sway. 
INFLUENCE Lines ‘FOR Bexpxo Moments 
‘Fie. 17 shows a “typical ‘member, AB, at Point and rotated 
| 
through an angle, @, by means of the gage. The forces ni ‘at Point @ A 
be M, and as shear, ¥, shown i in Fig. 1 Mes 


Furthermore, the deflection pore to AB at Point G, om be the same Ser 


once more and writing M+ Va for M,, 
Va’ Mz, ‘the resulting equations can be easily to the 


— 
— 
— 
— 
— 
t 
> — 
— 
4 . — 
— 
— 


- 


a Thee equations for the angular and linear deflections: at Point G, a 


Bavation in » (47) and 


Solving Equations (49) and for 6, and and 1 remembering that 
+a = — L On =f; Ka + Si; ete 


the esulting "equations | can be put the given in ‘Equations 


Se att 


a 
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DISCUSSION | 


— 


Au. Soo. C. E. (by letter).—The many papers on 
= ‘frame analysis that 1 have been published by the Society have “evidently 
i. in intrigued the at author, an n engineer | of exceptional ability in n the art of the design 

_ of hyperstatic structures and of extended experience, to contribute his ae 2 
to the excitement, or “talk- fest”, on the subject of rigid-frame analysis. Mae : 
The honor of having first simplified the | analysis of continuous structures 

belongs to Clapeyron’. _For the development of his famous formulas, Clapeyron 
1 > - used a method which in the United ‘States has 3 lately been called the “slope- a 

deflection theory.” These “slope-deflection formulas’ ” are in common use for 
all kinds of problems i in the well known textbook of Dr. F. Grashof", and in | - 

many textbooks issued before and afterward. 

+ Professor Grashof treats® the problem of a rey AB, partly fixed at the 


supports by the moments, M, and M,, having the slopes, a and £, of the elastic 
Eo line at A and B, and a ffected by an gy ge! load, W, and a concentrated — 


= 


‘¢ He shows* that a and B must be replaced by 6, — Rand R — 63, when 
Point A is lifted a distance, R L, over Point B during the deformation of dil 
girder. He also shows” that, when M, = 0, Equation (51b) becomes: _ 


2 
eae Civ. Engr. and Constructor, Chicago, LIL 
SComptes Rendus, Vol. 45, Paris, 1857. ba 
der Elasticitit und Festigkelt,” Second Edition Berlin, 1878. 


cit. p. 


— 
— 
a — 
F 
— 
al 
“a 
— 
| 
q 
4 
‘= 
? 
— 
ia 
ae 
= 


hen both and are zero, (51) yield the well 


of varying section are treated in this te: i 
In addition to Grashof, there is at least one other old elementary textbook, 
4 that of Wilhelm Keck", in which may be found all the slope-deflection — Ss 
4 formulas in use for the solution of continuous structures. The first textbook — | 
which the writer can now remember to have treated rigid-frame, multiple — 7 
* storied structures is that of Professor E. /Winkler* i in which the “slope-deflee- 
After this revelation of the status of the ‘ “slope deflection ‘theosy”, it is to 
“be hoped that: enthusiasts will not further clutter up. American literature with hy 
the: incorrect statement that the e “slope deflection theory” is an American 
development, improvement, or invention, except in so far as the coinage of ‘ 


4 the phrase, “slope d deflection, is concerned. 

How did it come about that. these important and simple earlier methods 
been nearly forgotten by American and European engineers! seems 

a to the writer that teachers on any subject, in . order to acquire at least a . 
_ quasi- -reputation, m must ‘produce something new, even if it is not better than 
the old art, and their students spread the new “light”, and, presto, a new — 


q is in n fashion. So ‘it was with Mohr’ principle of velocities 


work (originally invented by Daniel Bernouilli in the 

Century) which principle foun d an enthusiastic able propagandist in 
a Professor Miiller-Breslau and, through him, came to be used all over the work. 4 é 
q Not so many years passed, however, before it was 8 ‘discovered that this intiige- 


(but ‘not the ‘habit, so easily) swung ‘backward again ond various types 


4 “slope deflection” methods were -re-invented. = & 1a 


_ One of these is the principle of fixed or seukioin points, so well = 
4 by W. _ Ritter” * and greatly elaborated for framed continuous structures, con- — 


sisting of straight and arched members, by Strassner™. ‘The 


"~Vortrige tiber Elasticitits- Lehre,” Hannover, 1893. 


SUE, 


“Neuere Methoden”, Berlin, 1 
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paper is nothing but a variation from Strassner’s treatment of this subject. 
‘Strassner uses the angles, whereas the ‘author uses the intercepts of the tan- 
F: gents on the verticals at the opposite support, an unnecessary complication. nm 
je _ The author has treated only the simplest cases in Strassner’s work and has a 
 « made the slightest improvement in the formulas or in their derivation. a3 
Like Clapeyron, Ritter, and Strassner, he proposes to analyze a structure — 
by beginning at one end and going over its entire length in order to ae 
‘the relative angle changes that are necessary for the computation of the | 
Be unknown bending moments. This is clearly too large and entirely too imprac- _ 
tical a task for the large structures that American engineers must design so 
‘often, and further ‘simplifications are are absolutely necessary so that engineers 
Be may be able to arrive at more precise results with comparatively little effort. — 
_ Strassner gives a hint in one of his examples of an attempt at ‘simplification, 
but does not go far enough as he has still to go through the entire structure 7 
in order to solve that part of it which may require more precise treatment. . 
to solve any girder or column in a large structure quickly and with 
sufficient accuracy, the writer has shown elsewhere”. He obtained a sufficiently — 
close: estimate of the values of a and in in Equations (51) ) by setting, 


in which m, and Ms, certain factors (given in that discussion) and 


_K, ‘equals the ratio of — for each member adjoining A, except A peer eee t 
‘The solution of Equation (51) after the values of a and B from Equa- an 


tions (55) are introduced them, gives the two simple formulas for 
with an uniform load, W: atamiing net 


* Transactions, Am. Soc. C. E., Vol. 102 (1937), p. 
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di clear-cut tests have been made to estimate readily, the decrease of restraint. 
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The author's treatment of linear displacement is not as nie as s that as 
‘Seeaaees and contains the same limitation in the sense that it is aioe ‘ 
applicable only to one-story structures, or to frames which remain | Vertical in ui 
the stories above and below the story which has been displaced, a case that 
— Rever occurred in the writer’s experience. The actual problem is to find ree 
restraint at A and when the entire structure | is deformed as a sinker: 


the author may be able to reveal some simplifying suggestions by experiment, ; 


~s tion. - Th he problem of side-sway in a non-symmetrical single-story bent of two _ 


columns can be more easily solved by Strassner’s method, which i is really only a 


The 1 writer has heard engineers state that | a method of | analyzing highly ie 
hace structures which gives the unknown bending moments within 5% Sot 
to 10% of their ideal values is necessary. No method, however 
fj known to- day can give such a close result. First, girders and columns have 
 & dimensions of fr from 6% to to 20% and more of the ‘spans ¢ and story heights, ‘and et 
not enough tests have been made to establish how near the designer guesses a 
a, when he uses clear spans instead of theoretical ‘spans. . Although Strassner a 
shows how to consider the shortening | of columns by girders, he uses theoretical i 
Another serious is 3 the variation of the modulus: of clasticty, 


ig E, under high or long-continued loadings. After all, the final intent of thee 


ae _ analyses should be the establishment of the factor of safety of designs against 


failure’ or undue deformations. = Al All formulas are derived by the assumption 


“aa Under intense loadings the modulus of elasticity of the highly stressed part . 


; - of the member decreases rapidly, and if it is the end part of a restrained ee 
of for example, this diminution of E will have the effect: of ; decreasing reared 


lt and will modify the ‘moments both in the center - of the : span and at the ends 
The center moment will be increased and the end moments decreased. a 


A very able treatment of this phase of the | subject has been offered” by 7B 


wv That much has yet to be besa about the | deviation of Hooke’s lew 


in such a ‘standard material as structural steel is made evident by tests 


reported by the National Bureau of Standards”. Au unit load of 31000 1b per 


; sq in. was imposed on two heavy stiff columns, 159 sq. in. in cross- -section and — ie 


24 ft ft long. | _ The shortening was found to be 0.0016 in. per in in.; and,  theneth ‘a 


the modulus o of was only = = 19 000 per sq in. The 


Transactions, Am. Soc. C. E., Vol. 102 (1937), 


Journal Research, National Bureau of Standards, Research Paper 878, 
: 
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a > to know what they would have ra 
8qin. lt would have been of great importance to 1 
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SHAP 
an important ¥ 
rt —_ was shown by the tests to destruction of Mikishe Abe, M. Am. Soc. C. E.*, 
a on rigid-framed structures. The ultimate strengths were at least 10% larger a 
than those computed by current analysis when clear spans were used. this 
reason highly complicated formulas or processes which require long study 


FREDERICK Suapmo,? Jun. Am. Soc. C. E. —The 
ss analysis presented i in this paper is an excellent variation of the moment- — yk 
bution principle. underlying theory is the same as that of moment dis- 

tribution, although the problem is viewed from a different angle. _ When one 
part of a frame is rotated and the effects of this motion are traced by multi-— 

‘z plying the original rotation by factors the values of which depend upon = 

si rotation resistance of the constituents of the frame, the method of moment _ 

distribution is being used, even if angular changes instead of 


‘The formulas of the paper may readily be converted into more useful ones. 


‘Following men notation of the paper, + 


and instead of giving ‘the rotations of the ends of 
unloaded spans, Equation (58) gives the ratio of the end moments, in which | 
- (is the transmission coefficient introduced by R. C. Brumfield, M. Am. Soc. 
y C. E., who developed an analysis of statically indeterminate structures based _ 


upon it.” is a very useful value for moments, even 


‘ten 


in which Q=—=. =, nd is 2 


equal to —. It is given by, 


of a beam its own transmission cocficient, restraint factor, and 


stiffness index — —*— or —— ‘The stiffness indices found in the 


Draftsman, Gibbs & Hill, Inc., New York, N. 


P *“The Analysis of Monolithic Structures by Transmission Coefficients”, by Frederick 
hapiro, Concrete, May, June, July, and August, 1936; +. alsu, “Moving Loads on Beams 

ie with Restrained Ends”, by R. C. Brumfield, M. Am. Soc. C. E. (Complete manuscript filed © 

in Engineering Societies Library, 33 New York, 
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one- halt for beams of constant of inertia. In the interior 
3 of interlocking frames itm hae be approximated | by the following method: Com- — 


pute the Tatio of ‘the ‘sum of the values for the other at 

joint to twice the sum of the — values: of all the members at the joint. 


at this value i is between zero and 0.35, ae 0. 02; if it is between 0.36 and 0.43, ea 

F ‘add 0.01; and if it is greater than 0.43, add nothing to obtain the coefficient & 
with less than 1% error. This value may be 

corrected liter. jj revel 

over’ example, in Fig. 19, will be e computed. 

large numbers on the spans are Q- 


va ues or valu ues. 


rh 


| 


“Fic. 19 bars. + =0. 20 0.02 = 0.22. . Using Equation 
‘Cue = Q yrs Q (2 - C ) 0.180; Cop 
AB \4 — VaB 
7 
and, finally, 05D) = 0.222, which is correct to three 
- decimal places. The change in Cos would be indistinguishable on a slide-rule. 


mea: sod a bending : moment of 1000 ft-lb were - introduced at Point A, it would 2 
around the frame, becoming 1 000 at Point B, or 222 ft-lb; 
222, x 0.322 = 71 ft-lb at Point | 71 x 0.348 = = ft-lb at Point D; and, 
4: x 0.180 = 4 ft-lb at Point A, , and would continue ‘around the frame again — 

computing end moments for loaded spans, the transmission coefficients 
receive their greatest use. Formulas have been derived for end moments” 
4 and these involve only constants dependent upon the type of loading, the 
4 position o: of the load on the spa span, and the transmission coefficients for the span Ns 

The writer and Professor Brumfield have developed charts to | give trans- 


mission coefficients, restraint factors, and | torque: splits and ‘moment splits 
at joints. . They aes) arranged tables to ‘reduce computations toa a minimum — 
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— denominator of Equation (60) are those for the ends of all the beams meeting thie . 3 
a ; sat a joint, except that of the beam end for which the restraint factor is to be rey | 
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4 lbosting loads to puodeet: maximum moment at any given point in a span 
or under any given load. He has also modified his formulas for us use with clear — BJ 
spans and generalized them to include beams of variable moment of inertia, . 

= the neutral axis may be considered to | be a straight line. ‘ his shires 


iS ‘The writer has deduced mechanical methods for the determination of 
— transmissior on coefficients, comparable to those for finding the carry-over factors 
— jn the method of distributing fixed-end mo moments by successive approximations. 
‘It might be noted here that the transmission coefficients, summing up by 
formula the converging series of the Cr Cross | method,” <¢ do i in one step what 
the fixed-end method does. by successive approximation. short-cuts 
; = been found that may be applied without restricting the generality of 
Brumfield’s formulas. method of checking computations for 
: ‘aus, besides the obvious check at each joint for 3M = 0, has bas 
been developed™ by the writer. 
as The usefulness of direct moment distribution cannot be denied. pene 
Dr. Gottschalk has presented a method in which the underlying theory is) 
based on a ‘simple « conception, its practical application is very limited com- 
lay pared to the. system m of analysis evolved by y Professor Brumfield. pee 


JAMES R. GrirFiTH,”3 M. Am. Soc. C. E. (by letter).—A valuable 


- tribution to the subject of unloaded ‘models is contained in this paper. | = The 
_ principles involved in the determination of influence lines by unit displace- - 
of | model have been somewhat ‘difficult for some engineers to — 


thrust at any section of a independent of ‘at 
any other section, the method is of additional note. When the loads 
oF few and stationary, such a mathematical solution might be 
in some cases than a solution by model. __ 
7 In the design | of the catenary structures for the terminal electrification _ _ 4 
of the Illinois Central System, at Chicago, Ill, the writer, was one of 
the first users of the unloaded model. Since that time he hes never lost 
t enthusiasm for the method. As a means of helping students to visualize 
ie the action of an indeterminate structure, the method is far superior to any 
eo known to the writer. It has had one serious objection, however, in 
that the cost of commercial sets for utilizing such models has pro- 
i. hibitive for the average individual and the smaller offices. The writer has . 
long experimented with various materials and equipment, with cost and 
availability as the principal objectives. alos. nde 
Anders Bull, M. Am. Soc. E., made a real “contribution when 
‘described the use of both loaded and unloaded models fabricated of 


“brass 
Har = Based on method given on p. 91 of “Continuous Frames of Reinforced Concrete”, yO 
1932. N. D. Am. Soc. C. E., John Sons, Y 
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t, drill rod.” The writer has been unable as yet to locate any local a 
of this material. _ Bronze welding rod, of the various materials tried, has 


thus fa far best fulfilled the qualifications. 1 It is available in almost ever every shop 
equipped to dogs gas- -welding, ‘the cost is ‘searcely worth 


> 


Se 


Ft: 


= 


seth 


<4 


Fig. 20 sie a series nie influence lines denameniih by welding wire for 
the beam of constant section shown. ‘The shear clamp is the 
suggested by Ray de Lancey, Jun. Am. Soc. E. It is adjustable 
sv, within a 1 a reasonable range of accuracy and is fabricated entirely of tin. . The ‘ 

Mecessary ‘rotation for moment interior sections is obtained by a tin 
clamp as as of the sheer can be 


7. 


by present knowledge of reactions, elastic properties of 


3 finished structure, and rigidity of connections. te: trode 


Camitto Welss,?5 AM. Soo. C. (by —Apart from 
usefulness, this: is an extremely interesting and stimulating ‘paper. By 


™ Engineering News-Record, December 8, 1927, p.920. 
Structural 1 Engr., Constr. Eng. Dept., Bethlehem Steel Co., Bethle- Py 


il 
— 

— 

— 
— ired accuracy, it 

&g Theoretically, as the tically, oven with relatively large deforma 

— 
— hem 


WEISS on. STRUCTURAL | ANALYSIS BASED ON UNLOADED MODELS 


virtue of Appendices I and II, this method “may be as an 
ingenious combination of -Maxwell’s theorem with the slope deflection 
Somali it may be permissible to compare eit with the latter. Such a 
comparison is also helpful in appraising the merits of the proposed method 
to show under what circumstances it is “particularly useful. 
a) The author was wise in selecting simple problems to “illustrate his 
‘elas but because he did so he has not really done his method full 
justice. Furthermore, the method has certain drawbacks which are not. 
ee Conclusion (3) the author states: “The stress at any section m ma ay 
ts computed independently without knowing the moment, shear, ete. at 
; any other section.” This is indeed a great advantage. On the other hand, 
the word, “may”, in this: Conclusion could be written “must”; and this 
fact may be a disadvantage at times, (its 
general, the proposed method v will prove valuable when the 
Toads are movable; when stresses are wanted at only a. few points; eat 
When # the number of loaded members is comparatively onal: For example, — 


it 
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Fig. 21(a) all joints assumed to be free to rotate but are fixed 
against translation. Suppose that only the moment, Mas, at End A of 
Member AB, is desired. obtain the answer by t the ne slope “deflection 


method, “twelve. unknown slopes: two unknown ‘momen 
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obtain the answer by the proposed method, two unknown tangential inter- i | 

_ cepts and the ordinate of one influence line are the only Variables. These 
three unknown | quantities | are obtainable: from three equations, two of. 
them independent of each other. If Load P is moving along Member + 
AB, one new ordinate of the influence line is all that is required for 

slope deflection method would necessitate solving a set of 
simultaneous | equations for each position of the” load. Therefore, 


is loaded and the moments at the of (forty- 
ad moments in all) are wanted. Ml To obtain the answer by the ‘slope deflec- 
of twelve simultaneous equations. To obtain the answer by the proposed a 
method eighteen tangential intercepts and nine ordinates of influence 
— lines (twenty- -seven variables), are required for each moment; a total, there- a | 
_ fore, of 27 x 42 = 1 134 unknown quantities must be computed. It es 
true, these unknowns are. largely independent of each other. In this case, 
- the choice of method will be primarily a matter of individual preference, — oh 
The foregoing comparison is admittedly crude. implies at least 
tacit assumptions, both erring probably in favor of the proposed “method. 
_ The first assumption is that the work of computing the constants ve 
: 4 about the same for the two methods. - The second assumption is that only — 
q one ordinate is wanted for each influence line; or, in other words, each ig 
. influence line is considered as only one unknown quantity. - The example 4 
herein: presented has not been selected as typical, but is presented in order 
_ to reveal the characteristics of the two methods, a 
The should be commended for having expressed, in simple terms, 
the mutual relations ¢ existing between the coefficients of stiffness; for hav- 
- ing separated the functions that are inherent in the frame from ‘those oo 
_ governed by the load; and for having expressed these functions, too, in > 
‘The expression for the ordinate of the influence line admits 0 ee 
simple graphical solution when and f ere known. Referring» 
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what convention has | been adopted. 
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bsti ituting Equat ons 61(a) and 61(b) in Equation 61(c), 
a is expressed by | ‘the author as Equation (18). To construct any point on 
the curve of this formula, lay off (a — f) above End B, Fig. 22(a), and 
@-f) above End A. The closing line intersects the vertical, Y, at 
Point ¢. Projecting Point horizontally to. Point Line (’B 
sects the vertical through Point Y at Point BD. Projecting: D to D’, st 
intercepts the required ordinate, N, on the vertical, Proof of a 


the e« construction can be obtained from the similarity of this 


manner, Curve N of Fig. 22(b) can be constructed. The remainder of the 


construction of the influence line in Fig. 22(b) is self- explanatory. gli ate 4 Pe 


“the ordinates” of the elastic curve, 
Equation (5), if the intercept 
substituted for @— f) and 
for (a’ — f’) in Fig. 22(a) and if 
proper consideration i given 1 
the signs of and f’. 
Appendix quations are 
stated to be the 
the system. of signs is different 
“from that generally used.” The 


bhi 4 


enlightening derivation of the 
fundamental 


4 
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‘the following comments will be of ah 
Assume that all slopes, deflec- gd? 
numerical quantities. As in arith- vi we V 
a plus sign means “add” and ved 
Fig. 23(a) represents a restrained 
but unloaded member, A Sup- 
pose, it is desired to produce a ‘con- 
a tra- rclockwige restraining moment, A. 
M 
perature stresses, this can be done (e) 
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ways in 200, 23(c), 23(4), and 


2866). Quantitatively, this moment is: rh 


prough 


B seems to move in a direction around Referring to 
A Fig. 23(d), : it is immaterial whether Point B wa was moved down or a 
A was moved up, , or both points were moved. a Quantitetively, this moment 


(d) loads A B, 


‘their resultant will tend to turn in a clockwise dietetion peed Point 4 
in Fig. 23(e). The condition illustrated in Fig. is termed a 


: “beam fixed at both ends. di if J. is the end moment at A for the op ae VE 


load, then moment is s numerically equal» to this end 


ye 


Cis ': 
32a) to be derived from two well-known proper 
of: the M diagram; that is, ‘ted | that the area between, two 


palate equals the angle, 6, between the tangents at these points and that A 

the statical _moment of this area _ equals the corresponding tangential 

“deviation. By the law of superposition ‘these four methods of creating 
a a contra- elockwies resisting moment * A are additive, therefore, if all four — 


Conditions are present, the totel is: 


Substituting from Bgustions and writing for I and R for 4. 


— 1054 WEISS ON STRU 
— 
lm 
— 
— 
— 
Fig. 23(c). Quantitatively, this moment is: 
q 
‘ 
— 
— 
4 
a a 
— 
— 
4 
ag = 
— 
— 
= 


PARQUHARSON 01 ON STRUCTURAL ANALYSIS BASED ON U2 
Obviously, if any of | the four ‘methods of inducing a contra- 
? restraining moment at A acts in a direction opposite to the direction shown 
in Figs. 23(b) to 23(e), the corresponding moment must be subtracted instead | 
of being added. For instance, if End B is rotated clockwise, instead of 
contra- pa are no transverse loads: | 


; ie Equation (65) corresponds to the condition shown in n Fig. 12, as nant 


Equation (30a), and indicates that the foregoing method of treating 
# slopes and deflections as purely numerical quantities, is apparently the 
convention adopted Appendix This convention well suited 


the author's method, when deformations 


adapted to the purposes of se author, is not convenient when the ard 
and deflections are unknown i in direction. | This is why, in the slope deflec- = 

4 tion ‘method, it is usual to assume that all rotations and deflections are Pt 

- the same direction (clockwise), and only the known constant, i 

“is treated as an absolute numerical quantity. When, after computation,  cer- 

- tain slopes and deflections are found to be negative ro quentition,.! it means that ba4 
their directions are in reality opposite to the direction assumed. - 
a. In effect, Equation (64) is the slope deflection equation, without the use of _ aa 
-asign convention. Introducing the convention that clockwise rotation is to 
hei indicated by a “plus’ ’ sign, and contra- clockwise rotation by a “minus” 


tare wore =— 
igs 


B 2 BK 20, + 
which is the conventional form of the slope 


writer views this paper as a contribution to the field of ana 
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tures by models and from this vantage point suggests that it provides a real te 


_ contribution in a field that ‘receives altogether 1 too little attention from the ae 


7 “4 practicing structural en engineer. it has been the writer’s exp experience that the ie, 
- influence line in general takes on no real and lasting significance until - 
~«@ perienced and handled in the form of a model. After working | with several 
— ‘methods for a number of years years, the re- e-thinking n necessary in reading 
this paper has served a valuable function in bringing Maxwell’s theorem 
slope- -deflection principles, influence lines, and the model and its prototype a 
It is undoubtedly true that the fact that models may only be studieg 
in connection with an existing tangible model, has led many engineers’ to 
neglect ‘this approach in favor of one of the many 
it is that the majority. of efforts along have 
7 fined to university laboratories 1 and a few of the larger engineering offices, oy 
It is unfortunate that this condition exists since it does not follow that 
‘the model method requires the use use of an expensive set of equipment. In- ee j 
- a has been the practice of the writer to accompany the discussion of he ; 
influence lines by practical demonstrations on the blackboard, making 1 use 4 
, _ of a long wooden spline and half a dozen small steel pins inserted in holes ; 
in the blackboard. In this manner, using a sharp Piece of chalk and 
for 1 measurement, influence line results are re obtained on fairly 
- complex structures which check theoretical computations to within 15 per tos 
cent. , Oe: course, the general usefulness of the model method is much ex- 
~ tended by the availability of accurate , and more elaborate equ equipment offered uae 
iit has been the wr -writer’s” experience that much of the indifference to the i 
use of models arises through engineers who have never tried the method. 
ti is suggested that even so complex a problem as that illustrated in Fig. 1 
- of the paper might be solved with an | accuracy within 10% or 15%, through — 
the use of a few carefully selected wooden splines, a dab of glue, anda 
~ brads. _ The model can be constructed and mounted in an hour. A 
minute or two will suffice to trace off the influence line from which the 4 
moment at Point H is observed directly for any single concentrated load» 
and obtained | with ease for any load distribution whatever. = be ) sure, a 
check ‘solution yielding the exact theoretical influence line may 0¢ 
several evenings, but the result is likely to be a an a for or the anil 


an adjunct to structural analysis. ab + =: ~ 2 


ing method of computing bending ‘moments and shear stresses in rigid | 
« frames, based on the Mohr principle, which has been cited by the writer — 

bas elsewhere,?* is developed by Mr. Gottschalk. His method has merit, but, 


_— is regrettable that he failed to extend it to the computation of stresses 


‘Associate Bridge “Designing Div. of Highways, State ‘Dept. of Public Works, f 
28 Transactions, , Am. | Soe. E., Vol. 96 (1932), rae hel 
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in rigid | frames with oui sections. ‘The advantage of rigid frames and 3 
continuous beams” with variable sections is evident and it is a serious limi- a 


| tation of the method that it can be applied only - to structures with constant 


computations may | be into two Steps: @) Computing t the 


at _ factors, f. The stiffening © factors express the elastic properties of a 
frame and do not vary with loads on the frame. The factors, f, | son 
; in Step (2), however, vary with the manner of loading and the location of — 
“- section in the frame at which analysis of stresses is desired. The final 
bending moments and shear stresses in the frame are detained by the 
algebraic expressions involving the Factors and the loading. The method 
may be extended to determine stresses in rigid frames with variable sec- 
- tions. Computation of the stiffening factors, S, and loading factors, f, for 
variable sections may be simplified by preparing tables of constants for a 
“elastic properties of members in frames. _ However, the final algebraic ex- a 
pression for bending moment and shear ‘sirens in members with variable 
involving | the factors, be lengthy and difficult of ‘solution 
rigid frames more than one story in height { the value of S, cannot 
be obtained by direct computations. — It must be assumed, and true values” 
are determined by repeated trial computations. — Therefore, the | labor re- 
+ hed for computing the values of S varies with the experience acquired 
in deciding on an initial trial value. 
A direct computation of shear stresses by Equations (11) and (12) - 
—searcely be considered a saving of time. In rigid frames, shear stresses at 
ends of members are generally determined by the formula: 


which Vo = shear stress at one end of a both ends” 
ig ‘freely supported; M, and M;, = the restraining bending moments at the a 
ends of a member; and = span length of the member. Evidently, the 
. and effort required for computing Factor f and the shear stresses is 
not less than that required for computing the restraining bending moments, ie 
M; and M,, and shear stress, Vo, in Equation 
The author's method is convenient in the construction of lines 
for bending n moments and shear stresses in rigid frames. Likewise, it may ee ‘ : 
be used conveniently in the analysis of stresses in rigid frames and con- 
. beams that have a a single statically indeterminate | reaction. How- 


ever, in ‘computing bending moments and shear stresses for each member — 
& multiple-span rigid frame the method computations 

and cannot be considered as time saver. 
Davo M. MacAupmg,?® Assoc. M. Am. Soc. ©. E (by letter). 


= 0 far as the author has introduced the little used idea of f, this paper is 


Coll. of the New York, School of Technology, New N. 
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‘There appears to be no of any of the several ‘rather 


ov 


; ‘common ‘convention of tension on the bottom fiber being caused by ‘positive 
q ‘moment, Equation (36) would ‘not have been changed. derivation of 


this formula, without recourse to the slope- 


4 


tension in bottom fiber: 


az 


hat he has chosen 
lize its greatest value 
— ign convention. For the paper to realize i ly stated in i 
unfamiliar sign conventio tive that this convention be clear y stated in 
— the profession it is imperative thle to 
— 
— 
| 
— 
— 
— 
— 
— | 
— 
= 
— 


Holding End A fixed End B so ten: id 


is Adding Equations (70a) and (70b), the result is identical with cai 


is On the other hand, the beam convention is very inconvenient to apply 
to the slope-deflection — equation. py sign convention must fit some definite 
. 7 system if it is to be used from a a practical, as well as from a a mathematical, a 
| standpoint. Such a convention would require ‘that positive angles be —_ — 
% sured by counter- -clockwise rotation, that distances, forces, and — 


ments be positive upward and to the right from the origin, and that 
Zs, moments capable of being represented by a positive vector be positive; yg 

that counter- clockwise external moments in the plane of the paper are 
‘positive. In this case ‘positive moments are increasing ‘positive angles. 

No great harm is done, however, if any other consistent convention is used. 


ad 

i ‘In this convention, , the familiar slope- ‘deflection are: 
Hee tou = Mras+——(2 + — Ras). (ie) 


5 a 


On + 04 — 3 
Ordinarily, F BA but should | carry posi- 
tive sign in the formula. “Using Equations (71) and deriving formulas 


ese expressions are in n accordance with the ‘geometric facts, Oa being: 


Equations (78) are also in accord with the geometry of. 


j 
remainder of the equations follow directly, differing from the author’s for- 


a Referring further to signs, the author has failed to state that he assumes 


- to be negative when ‘measured to the left of his origin. 


This is neces- 


incongruity in 
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<abiatiiliacd both 64 and 6g are positive by the author’ 8 sign ectiedien, 

_ The values of f and f’ are then positive and negative, ‘Tespectively, thereby 
me violating the sign convention as adopted for the paper for L. it is neces- og 
sary to assume L as positive when measured to the right - for 64 and = 


left for otherwise, is positive when measured upward and f ig 


Referring: to Line 2 following Equation (2), the use of 
“ strain,” rather than ‘ “moment,” is open to question. It would seem that 
“ moment ” is the more exact term. ‘fot old 
The. derivation given in Appendix I does not seem to be as ‘satisfactory — 
as the many other derivations of Maxwell’s theorem to be found in any * 
7 text or reference book on the subject. The theorem is so well | known : 
widely publicized that there is some “question as to the necessity of a 
derivation unless a new and better proof is given. 
The derivation of the slope- deflection equations, using: any of the: 
accepted sign conventions, is. also” familiar and Appendix II only serves ik 
to illustrate the breakdown of the author’s sign system (see Fig. 14). _ a 
eo definite need for the establishment: of a mathematically 


consistent, and practical, sign as well as notation, i in 


of a a correct « one. 

‘Orro GOTTSCHALK,” Esq. (by letter) have been 
presented in the discussion of this paper. The writer’s methods have been de- 

_ rived from unloaded model analysis on a primarily geometrical basis, estab- 2 
lishing the fundamental relations which make it possible to analyze structures “ie 
ee ae same as in models, by using the simple stiffness values of the a) 

members instead of 7 ae abstract stress s symbols or a series of are 
contrast with other branches of applied science, ‘structural analysis has 
lacked that sound,. experimental procedure which is characteristic of model 

analysis (eapesially models with visible deformations). ‘Ithas required its own 

austere development entirely separate from current abstract conception. The : 


that one of the discussers considers the process 


of greatest interest. in his 
on the paper, he is fundamentally at variance with the writer, probably due to 


i Tack of examples in the original presentation. T he paper is not a variation of "7 
Bact abstract treatment and does not require one to ‘ ‘analyse a structure by @ a 
beginning: at one end and going over its entire Jength.” On the contrary, 


- fifth conclusion may properly be added to those cited in the paper: “@6) The 


— 
— 
— 
— 
— 
Ee 
— 
iy 
| 
‘ 
=e, 
— 
sconsistey ends to ¢ sion and delavs the establishment and acceptance 
— 
— 
— 
4 
variation of the Cross method, proves the impossibility of judging a new = 
— - conception merely from appearances, even to those who are most conversant — 

| 
— 
— 


| 


analysis may be limited to the structural member wader and 
few adjacent members.” The examples given subsequently herein should 


‘satisfy Mr. baer that the writer’s methods fit the requirements he so setiy 


of transmission coefficients, which are an Guenital part of the cma 
inherent in Conclusion (5). T hus far, the writer has not encountered th 


po there i isa need, however, for the application of metheds of 
tet th geometry, r, especially | the evolution of curves, so that the writer’s _ 
method can be used more easily for curved structures. 
Professor Griffith contributes experiences of his own in the handling ot 
- models and confirms the writer’s s experiences which make it possible t¢ to deal ; 

accurately with visible deformations. " In Fig. 20, for example, the angle of 
= “the moment clamps at Point B is different from that at Point D. The neces- - 
: Lad sarily high cost of working commercial sets s should make it a habit, where the 
is not warranted, to use the available at the nearest ‘college, 
just as one would consult its library, 

Weiss deserves‘sincere acknowledgment for his encouraging comments. 
ve “His suggestions are of positive value and have been used in the preparation of i 
closing discussion. In principle, the writer avoids obtaining stresses by 
equations with unknowns. Special : attention ‘should b be called t to Mr. Weiss’ 
graphical solution for the ordinates of influence lines as demonstrated by 


nip Ina sow words, Professor Far uharson shows how the experimentation is 


; ‘indispensable as a guide to intuition in solving problems in statics and his 
3 recommendations for teaching influence lines deserve widest acceptance. Asa 

first step students should be taught the habit of having handy wooden or ae 

in order to check all their results. 


s Mr. Eremin rightly desires the extension of the geometrical n methods shown ; 


‘ tion; but they - offer no difficulties: 31 1 Mr. Eremin is incorrect in 1 assuming that 
_ the manner of loading has any bearing on the factors, f, and that values of S — 
cannot be obtained in rigid frames more ‘than o one 1e story high. Further- 


_ terminate reactions does net complicate the in any respect, ind 


the time saved becomes more marked the more equations there are to be solved 


_ Mr. MacAlpine offers an interesting derivation of the general equation of 
influence lines (Equation (5)) and makes valuable suggestions with ‘h regard to 
£ the question of signs. _ The latter cannot be settled entirely satisfactorily within 
- In general derivations, the complications imposed by rotation signs can be 
avoided d by working with f and ie directly as has been done herein under the as 


Hardy Cross and N. D. Morgan, Members, Am. Soc. C. E., 1932, p. 139; also, the chapter — 
on“ Effect of Haunching,” in “ Concrete ae Frames,” Portland Cement Assoc., 
Chicago, December, 1935, p. 29. 


= ™ See chapter on “Influence Lines of Haunched Beams” in ‘“ Continuous Frames,” by z 
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‘ 
Examples to Clarify Questions Raised in Discussion.—An excellent oppor- | 

ss tunity to apply the writer’s method is afforded by the interesting example of a 


eg mand boty 05 |m,=02 mj =0.23 O33 


2 


(5) ri FOR M, BY STRUCTURAL ANALYSIS 


Total M, =12.66-25.16-4.92— 6.104 1.22+0.71=14.59-36.18= ~21.59 Kip- _ 


Live's (COMPUTATION OF M, FOR LOADS W AND 


net or the elastic determination (namely, the computation of stiffness values) — 


the analysis may start at one end because of the small number of spans. Line 1, 


‘Fig. 25(a), shows the stiffness factors, k = - ‘Span A B, the coefficient, — 


m;’ = 0.5 (see Line 2) and, therefore, SY = (1 — 0.25) ‘ = 6.25 (see Line Sas 


similarly, in Span BC, m 0.985; and, = kz 


J 
a = 4.91, etc. Likewise, beginning at the fixed end, E: m, = 0; Sy = ke = 55 
| ete, all of which may be written in the diagram directly from slide-rule readings. b: 
ae structure, thus made elastically. determinate, may be analyzed now ~ 
Pa any stress, M ¢ (Fig. 25(b)), by rotating C B and C D one unit with anne 
to each other. The hen, Ke = Si’ + = 4.91 +8 8. 33 = 13.24 and, conse 


= = 0.37. The rotation at Point B then is = 62’ m2’ = 0.63 


7 _ #* Continuous-Beam Analysis by Direct Distribution,” by John C. Schulze and wi 
A. Rose, Engineering News-Record, December 20, (1934; with discussions in Civil 

a “eta Digest, June, 1935, by J. D. Gedo, Ben Moreell, Odd Albert, Members, Am. Soc. a 

E. Turneaure, Hon. M. Am. Soc. C. E., and Messrs. Otto Gottschalk, and John Cc. 
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— -X 0.235 = - 0.148; and at Point D, @;’ = 0; m; = 0.37 X 0. 333 = 0.123. This 
he is the complete analysis of the structure forMc. 
Line 4, Fig. 25(b), indicates the | "average ordinates, with w hich the 


yniformly distributed loads must be multiplied. Equation (6b) may be re- 


written f for spans to the of ‘Point C: 


a Line 5, Fig. 25(b), shows the y- -values ei concentrated loads; and Lines 6 
8, show Mc Um; = - = Py; ; and the total M, , respectively. 


| =0620 | of =0375 | 

= 0.371 = 
symbols kipsf |— 


Values 
i of y, i f y, of y, in 
im feet | | in feet | kip-feet | in foct | kip-feet | in tec 


+0.443’ | +12.758 —2.592 
—1.165 | —25.164) +0. +5.033 | 
—0.412 | —4.944] —0. —5.004 | 
—0.618 .626 | —6.260 
.372| +0.102 .236| —0. —6.024 
= 0.216] +0.118 . —3.600 
00.488 | —23.180 —24 


Although the explanation, in detail, occupies some space, the analysis — 
emai gives the exact result in only a fraction of the time and work reel 
for a any other method now current. If moments at the other supports are 


needed also, the analysis may be arranged as in n Table 1. 


—17.183 ot 


‘continuous beam in Fig. 25 is supported on the 

_ frame shown in Fig. 26. The stiffness factors, k, of the columns and beams, a 

are e underlined. The stiffness, S, of the ‘columns i is S = k, when the base is _ 
= 0.75 k when it is tyr _ The computation of m and Stothe — 


ues larger, than 

a Fig. 26(0) demonstrates the analysis of the structure for. Me obtaining 

the influence line of Mee by unit rotation at End C of Span C B to which — 
4 Spans C D and C G offer resistance. _ On the left of End C: 6,’ = 0.697; and ‘2 
4 to the right of End ¢: 6; = 0. 303. 3 Therefore, ‘because oad rotation at Point & B: 
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The Ym for distributed loads, and of y at concentrated 


5.55+3.0+6.25 


ELASTIC DETERMINATION > 


0.303 1.287x10 


on 


=P 
= 11.32-26.8-3.90-4.87 +0.87 +0.50= 12.69- ~35.57= -22.88 Kip- Ft 
COMPUTATION OF M, FOR LOADS W AND PIN FIG 25 


Fic. 26. —Unsx MMETRICAL MULTIPLE-SPAN FRAME 
* loads, are then computed in the same manner as in Fig. 25. With the structure 


thus analyzed, ce (see Fig. 26(c)) i is the sum of the several loads multiplied 
with Ym and y, respectively; and Mcp = 12. 69 — 35.57 : — 22.88 kip-ft. 
_ Analysis is begun at the section for which the stress is wanted (see Fig. 
4 260), instead of complicating it by beginning at supports; beyond two spans , 
~ on either side of the section ordinates of influence lines geneeally become small] a 
a: ana 1 may be neglected. + ‘Similarly, the elastic determination does not need to Br 


a 


44 
Fic. 27. —EXTREME CHANGES oF Have No INFLUENCE ON at 


; - farther away, as is illustrated in Fig. 27. If the support at End A were 
at Point be 8. same as if End A 


— 
‘ 

— 
— 

a 0.131x —0.697 x 1.188x 18 = 0.303 x 1.287 x 10 0087x10 
@) SOLUTION FOR M, BY STRUCTURAL ANALYSIS 

= 
q 
— 
— 
7 
4 
aq 


Assuming, then, vial the most two — away a 


Roughly, inspection, equals 0. 8 ‘nd 0. 
Tt an interior span is considered, the value will be exact for adjacent spans. _ 


a In Fig. 26(@), if Beam . A B Cc D E could move freely i in a horizontal direc- 


See Fig. 26a 


am 


4 


~0.052 = (—0277)x0.187, 


24973740181 


— OLUMN CG, HINGED : 


, 
DEFORMATION OF COLUMN BF, Not fi bak Ay 


Fic. 28, 3.—Sansses Dve To CHANGES OF TEMPERATURE in Beam 4. BCD 


the horizontal thrust at the column base, and deducting. the bending moments. 
determined i in 26(c). The is similar to that in Fig. 28(a) except 


gorrscHALK ON STRUCT 3; 1065 iim 
were hinged as_in Fig a 
— 
distapee with recnect to the column hace chown in 10 computing 
— 

ot: — 
— 
> af iia 
— 
— 
— 
if 
“ 


=D 


= 


tema in Fig. 26(a), is that concerned with the stresses produced by a —— 
change of temperature in Beam A BC D E of, say, t = 60° F. The coefficient 
of expansion is assumed equal to e = 5. 5 X 10-6; and the modulus of f elasticity — 
a is equal to E = 3 X 10° lb per s sq in. Not considering the microscopic short- vs 
- ening caused by compression in the beam, the side-sway of the ends of any beam. - 
is proportional to its distance from End E; or, 10’ et at Point D; 20’ et at FS 
Point C; and 38’ et at Point B as shown in Figs. 28(6), 28(c), and 28(d), 
If the column is — at Point B, Fig. 28(6), the column top, B, will rotate ir 
through an = = 156 ; but due to its with the 
beam: the rotation at Joint B is 0p = 0.795 t, this rotation being t transmitted a 
to Points and Di in 1 relation to — m2 and m, Ms, Tespectively. If ‘the column 
at Point C is hinged: = due to the : rigid connection with the 
beams the rotation at Point C will be ee 


Points B and D in proportion. to their respective values of and — m;. 
The sum of those partial rotations makes it possible to compute the intercepts of 
—Tangents f and f’, the Thrust P at the foot of each column (by Equation (15)) 
and, finally, the points of inflection of each beam (by Equation | (91)), all as rs 

The horizontal thrusts at Points F, G, and H are, as shown in Fig. 28: 


0. 432 0.182 kips, and 0.113 which seem rather if 


Indicated values, incieesing the thrusts to 2.16 kips, 0. 91 ‘Mops, and 0.56 


Turning to the subject of ‘of multiple-story skeletons mentioned by Mr. 
ae For the skeleton f frame shown in wt 21, | Mr. Weiss derives 1 134 


_ in Fig. 29 (a reinforced concrete frame) the bending resistance of Beam A B is ee Pa 
desired. It is generally sufficient to compute the necessary resistance at the 
center, bending convenient parts of the reinforcement and extending it over the 


Elsewhere,# the writer has demonstrated the principles of mechanical 
analysis (a ¢ concise expression first introduced to the writer by Hale Sutherland, — p4 
M. Am. Soe. C. E.) by the physical deformation of models. For present 


_ purposes Fig. 30 may be used to illustrate the method of determining Mc atthe 


Journal, Franklin Inst., Philadelphia, Pa 1926, p. 61, February, 1929, 
Der Bauingenieur, Berlin, 1924, p. 263; 1926 138; 1928, p. 924; and Beton 
Blaen, Berlin, 1927, p. 286; 1929, p. 113. "it 


mn tops; the hori. ( 
4 — 1, respectively, 
88 + 1.31 = — 21.57 kip-f 
ipsand M cz 7 
«0.34 + 0.42 = 1.20kip 
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ter Point C of Beam A B, by this nated ‘The model is composed of steel & 
Sonn for ‘columns reproducing t the combined k-values of the ‘upper § and aw % 
-Jower columns, the lengths of spans 3 of the beams being modified in proportion to a 


their several values of a =>. The far ends of the column splines are held at _ 


the each other, and at the pro: proper he. anes 
2 mounted on a rod which, in turn, is ee on n rollers aa ; permit horizontal A 


h 


die without friction. In Fi ig. 30, a unit rotation has been exerted at Point a 
by means of a special clamp and the experiment has shown that, even w here the - 
relative stiffness of structural parts: meeting at Points A and B differ extremely, . 
ae rolling rod will not sway when a unit rotation is applied at Point C (or even a 
le of F Point C, within the ‘or even’ the middle-third of the 


~ span). | This demonstrates that bending moments may be analyzed at thes 


computed as shown previously herein for fixed against 4 
“Movement. rte o oni (O08). | antl od it yhiouty 
es The structural analysis for M ¢ is shown in Fig. 31. Inasimple beam, A B, 


ic aed unit rotation at Point C would rotate | Beam A B at Points A and B Scoagh - = 


— 
| 
it 
4 
— 
— 
ia 
rm 
— 


4 making m = 0.5: = 5.41. 

= nd, at the free 
x 0.353 = 0. 1765. At End B, therefore, the rotation is 0. _ 
= (Fig. 31(c)). Once again, making Bean A B fixed at Point B, wn with m’, 


8’, and Sz as computed in Fig. 31(a), the rotation, Opa _ Fig. 310) 


equals 0.3235 X 6.58 0.2305, making the ‘rotation at Point 


| 
The total rotations at the ends | then, are (see Fig. 31(d)) 04 = ed 


= (0.353 + 0.041) = 0.106; and, 8 = 0.5 — (0.1765 + 0.2305) = 0.093, pro- 


3} 0.57.22 =3.21 
3 


5=7.22x0.924-667 =7.22x0.91=6.58 


4.5+3.8 


d 


pce 3235 =0.2305 


m?=0.179 


0.353+0.041 


ood Fie. 31.—GEOMETRICAL ANALYSIS ror Mc old 


ducing the influence line, A io B. By Equation (20a), the ordinate at the 


center is: L(+ 04+ _ 0 ft; the medium ordinate (Equation — 


(b)) i is 1 2 Ye = 105f t, and, at = 5.0 ft from End A (see Equa- 


— 
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tion (17a)): y = 1.05. the loads indicated in ‘Fig. 29: 7 

= 20 X 1.05 + 24 X2.7+ 18 X 105 = 104.7 kipft 
The solution of Fig. 31, starting either at Point A or at Point B, is recom- 

b, mended as a ‘means of becoming familiar with the working of geometrical z 


eurves; for practical application M ¢ may be: analyzed directly from the mand 
computed in Fig. 31(a). At At Point A: = 9.330 and a at Point 

0.356; and, the total rotations are, at 
0356 0204 nd, at B, 0.356 + 0.153 X 0.330 = 0.407, 
leaving 04 = — 0.394 = 0. 106 and 6g = 0.5 — 0.407 = 0. 093, ‘the same = 


General I Influence Lines.—Development of Equations (5) to (106) beyond the 
: form given in the paper, leads to conclusions that should be vitally useful in 


drafting and in understanding | influence lines. The curve 


Fig. 2) i is s fully by the 


y= 


33.—SYMMETRICAL ORDINATES, y AND y’, FROM END 
L oR END 'BANGENTS FROM SYMMETRICAL 


which is thes sum of one curve rotated through A at Point B and fixed at Point: 


A, and another fixed at Band rotated — at 


L 

ordinates founda as follows: For the beam fixed at Point A use 
a. Equation (10c) ; for the beam fixed at Point B (0, f’), use Equation (8c) ; and the * 


Formulas for ordinates fora a AB, of un unit length and various 


to Gottschalk, in Die ‘Berlin March 4, 


= 
— 
Band = 0,4,and May 
— 
— 
“a 
— 
— 
— 
— 
— 
— = 


TABLE 2.—OrpInaTEs oF ‘LINES FOR Bram 


Type o of f Influence | Line om ju 
Syn 


bien 


‘ 


Fixed at his 


Special Cases of No. 1 for Exterior Spans 


had 


FreeatA 


ON UNLOADED 


 Ordinates 
: 


In Center Mediumy, 


all 


~ “Bending Moment in Center of Span 7 


+4, 


9 when y y or y are vet one of the third points, 


jaca; 


4 
a<a’': 


“pot 
ie 


nite + 


— 
aq 
3 
| 
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h and y a center or or respectiv vely, 


+ 
"% cw 


Items Nos. 6 to 9, Table 2, are the influence lines of pyre beams, combined 


that in Item No. 1. WwW 0, the influence line crosses Axis” 
— 
— 
fee, A (Fig. 33), crosses A B at the of the 
Symmetrical Ordinates. to Equation (5), the sum of 
— 2, from Point A, is: 


ates 


. The relation between two ‘symmetrical ordinates is 


when End Ai is fixed, fi= 7? 


; when End A is simply st = Sand 


and, when End B is simply => "and 


—— 
¥ 
— 
— 
im 
— 
a 
il: 
— 
a, 
— 
— 
Pp 
im 
— 
4 
= 


The coefficients show that when one end of AB is fixed, 
located ordinates vary in proportion ti ‘to their distances from. 


sup- 
Be and at a distance, L, bey ond the free support, res edad. is 
OW al loads are ing a equal (sce Fig. 
the sum sum of the ordinates, according to (79), is: 


4 


(n - 1) P the apply: 


av 
5 n each other, starting at — 

= - 3) Ln, Equation (79) yields, aa 


4 


— 8 8 
— 
— 
= 
— = | 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 


its 


values of 


| iors 


‘ie 


25 


which, as before, h = yc, is given by Equation (81). 
by a: Slope ai and Intercepts at A A and B of Tangents. —Differentiating diated 
76), or reading directly from Fig. 2(c) considered as the area of the reduced — 
i bending moments, the slope of a tangent to the influence line at z from Point A, 4 


and at 2’ = from Point B is given by: 


- Equations (84) show that the slope of the senigen at the center of t the influence i 
af line is one-fourth the difference of the slopes of the tangents at Points B and A; 


S at the third-points, it is one- -third of the reversed slope at ‘Points Band A, © | 
‘The intercepts, f, at Point. A and f’ at Point B of a at alent 


0 moment of reduced moment area, are: 


— 
— 
4 
— 
ae 
2 
— 
— 
2) 
and. 
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Therefore, for tangents at the center and at third- respective 


"influence curv es crosses ends at one-fourth the distance to the opposite intercept 7 
of the end tangent. - This leads to a most simple method of designing influence 9 
lines the end tangents of which are known (see Fig. 35). 
Radius, r, of Influence Line -—Differentiating Equation 


“This makes the radius, several values of to: 
valuesofr 


= 


he radius at ‘the center of the ‘curves is to L? divided 


the sum of the end intercepts, f + io of the en end tangents; ba the radius at 


the third-points is equal to divided by the far intercept. 


Inflection Points. —According ¢ to Equation (68) 


— 


— 

— a 

- 

id 

— 

— 

— 

— 

. 

| 

— 

— 

| 

| 

3 

— 

ial 

— hag 

7 

— 

— 
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_Ler-p_ 
= hen Bis Point B, m = 0 ande = —— ; when it) is fixed at 
Point A:e = =. Graphically, eis at the intersection with A B of the extended - 
straight line connecting the third- -points of the end tangents (tee » Fig. 32) 
y and nd y’ at the third- -points, 


az 
h = = = Vey ant and m= 


it is of interest to remember that in classical statics, 


which 
due to external loads. 


ines, f’ must be calculated from wo 
symmetrical ordinates (y at x rand 4 atz’ = x) are are expressed in terms of f 


.: other words, knowing the ordinates at the third- points, f = _92y —v) ; 


4 2 y' — y) Jal 


ee If the ordinates, h = y- and y, at any ny distance, : z, from Point A are known; 


Triger,” Gustav Griot, Zurich, ‘Switzerland, 
1,4 


> 
a distance, = e, from Point A. Therefore, the point of inflection is ex- § 
— 
@ 
— 
— 
= 
— 
ne : re the bending moments at Points A and B, respectively, = = 
— 
‘ 
by 


= 
= 


If one intercept and the ordinate, h, at the center are known: f = ; 
and, f’=8h-—f. Forasimple graphical determination of f and f’ from two 
‘Mean Ordinates, — —Stresses from distributed loads, W, are W wel The | 

area determined by the influence line and the neutral axis of Ream AB between at 


P ae A (with y y = 0) and z, according to Equation (76) is, ning i ‘a 
Jo 
For loads, W distributed from z to 


=> . eee 


= 


(96 
J 
fora rare ams load over the entire length, with sero at Point A and maximum 


a F m a a triangular load. over the half span, 5 ; , from 2 zero t Point . A to a maxi 


and, for a symmetrical triangular load its: maximum 
center: 


» 
a 


<>. 


Asan example, let Beam 4 B at both and loaded 


lar with its maximum intensity at the center. Then, L 
= 0; . and, , therefore, Ym = and Ma = Wy Ym 


= > are small the line 


— 


— 
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Likewise, all other relations| simple; is, at Points A and 


of tangents e expressed by Equations (85) become: f. = 
f and, according, to Equation (89), rh = conve- 
_nient for determining the approximate length, the fi flat arch i is: 


+ 

Design of General Influence 
ves of designing influence lines suggested by the foregoing equations, the — 


- following seem to be : most efficient; they may be useful, , also, for any other 


ee ani in engineering or or architecture where two tangents at given points A 


Draw verti lines at at. 

re ; then, © 


“ss straight line, A’ B’, is tangent to the influence 


Similarly drawing the vertical lines at , the tangents, 


at * and C” BY a are fou 
spective ely, L Line A’ B the end at Point here these 


Ras into lengths of jg Might be made, \ with the tangents at Point A, 

,and Point B serving as end tangents for each of the four parts ¢ of 


This method is 1 recommended where all the “ie line must be AS 


Influence Lines by Sy ‘mmetrical | (Fig. the 
* exact ordinates at any distance from Point A (for eaten at Points D and E, 

‘Fig. 33), Equations (5) and sai are used. _ Points D and E are eens to the a 
and Points AA’ = D' = and, BB = EE E’ -f 


_D" is plotted had Line A’ B and Point E” on Line A B’ , making . A A” =D Dd” 
BB" = EE". Thestraight line, A” B”’, then determines, at Points D and 
the two points of the influence lin line, and 
On the other hand, knowing any two. hinted ordinates, y and y’, the 
vend tangents may obtained by rev ersing the process (see Fig. 33). The 


— 
a 
— 
| 
— 
i= 
he are 
en 
— 
“1. — 
— 
— 
— 
a — 
— 
— 
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Influence Lines of Bending and Shear. —As 
Ba. Figs. 2, 29, and 30, one span of the structure at a time is being deformed fi. é 
within, in iaianas with the stress for which the influence line is wanted: Bi 

al all other spans are deformed through rotation at the ends, and form general 

>, 4 ihe + influence lines as analyze zed herein. The one span having a special influence line ee 

; is analyzed by considering it free at the ends and then deducting the effect of the © 
4 Unit Displacement in Simple Beam A B.—A unit angular displacement .? 


rotation at Point E, distant a from Point A and a a’ =L , — a from Point B 


breaks ks the b beam ¢ at Point 36(a)) so that - AE’ =1. |. Therefore, A A’ aye 


= A E= and, A * line of the Mr. 


‘ 


or 


ian 


Fic. 36.—Unit DISPLACEMENTS FOR A SIMPLE BEAM; y. 
Lines oF: (a) Mz; (b) REACTION, 


‘ AND (c) SHEAR, S se 


ay a 


Table of Moment for Beams; Simple or Fixed,” 


ii 
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2 JIVID WADI TTA, 
Ais translated one unit (Fig. 36(6)) so that A’ A=1,LineABis | 
normal unit at Point E will break the beam so that E’ BE” 
a The same effect is obtained by a unit settlement, A’ A (Fig. 36(c)). Li ine A B 
- js the influence line for shear, with the reference axis at AE 2’ from Points . Ato E 7 


EB” B from Points E to B. The: shear is Sg = P y, i in which the ordinates 


q It is to be noted that even it in the case of the > simple b beam the influence lines 
may be applied to advan antage, in comparison with purely algebraic methods, ) 
especially in solving for bending moments for great variety of loads. an 

“She Influence 1 Lines i in Restrained Beams.—W hen Beam A B is is part of a con- 

. tinuous structure (Figs. 1 and 29), the rotation at the ends caused by =e) 
displacements (see Fig. 36), will be resisted by adjoining members, making the 
influence line, A B, the sum of one of a simple beam and a general influence line r, 

restraint at the ends. The corresponding equations of ordinates 
indicated in Table 2(c), 2(d), 2(e), and 2(f), 
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/HYDRAULIC ‘TESTS ON. THE SPILLWAY OF ‘THE 


Discu ssion By Messrs. E J.C. Srevens, F. Epwarps 

-Morroven P. O’Brrey, Ricuarp R. Ranvouen, 

evened interesting and tests have made in 

9 connection with the Madden Dam project located on the Chagres River, ¥ 
in the Isthmus of Panama. A number of features of the design of the spill- _ 


hese 
studies ar are. e described in In ‘order to resulting predic 


_ tions, apparatus as nearly similar as gpg that used on the models, 1 
was installed in the prototype spillway apportionste 
Field tests other than those on the spillway have also been made.’ The 
discharge loss in head through the -needle-valve outlet ‘conduits 
the sluice- “ways were tor of the air vents for these 


them: ‘at various heads: and gate- ‘openings. 


THE Pnosect 


Madden Dam is a part of the ‘Panama 


"primarily to create a reservoir for storing water to use for lock operation 
a and for controlling floods. - Power development is small and more or less 
_ incidental. The dam is on the same river as that which forms Gatun Take 
and is situated about 10° miles” up stream from” the point where 


Nore.—Published in May, 1937, Proceedings. 


 tWith U. S. Bureau of Reclamation, Denver, Colo.; forme clate 
Panama Canal, Balboa, Canal Zone. 


#Condensation of a renort by the writer to the. Governor of of The Panama 
Madden Dam Spillway Model Tests, dated February 1, 1932. 


The Military Engineer; Vol. XXVIII, No. 
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“HYDRAULIC TESTS ON SPILLWAY OF MADDE 
a The principal f features of the Madden Dam on peajest consist of t 
 eonerete dam a across the Chagres River, the e power plant, an earth: 
a -fill dam continuing ~ from the left abutment of the main dam; 
and several | earth: and gravel- fill dams ac across saddles around the rim of — 
reservoir. — The main dam is of the massive concrete ‘straight- -gravity a 
consisting of an overflow spillway section across the river, with abutment 
sections on e either side (see Figs. 12 and It is about 974 ft long at 
the top and about 220 ft high at the maximum section from. - the lowest 
. point of the foundation to the top of the roadway. The wpillewy is divided — 
into four 100-ft « openings by three 12- ft concrete piers. Structural steel he 
drum-gates, 18 ft high, are installed on the | concrete ‘crests in these openings. — 
‘The flood water passing over the spillway crest has al of about 7 


173 ft to the toe at the maximum expec u ft per. 


The energy of this overflow will be n more ‘than 5 bo and the 


tested at the Hydraulic Laboratory of the Col- 
lege, at Fort Collins , Colo.t ‘model of the spillway was 
 geale of 1:72, or 1 in. (linear dimension) on the model equal to 6 ft -_ 
the prototype. The spillway section, with drum- “gates installed in the crest, 
was reproduced accurately to scale. The p power house was” 
the valves discharging through the down-stream wall. The con-— 


alt 


four 100-ft gate- -openings, a spillway crest at Elevation 232.0, and an apron 
: width of 440 ft between side walls. The radius of the bucket is 60 ft. 
For a 260 000 cu ft per sec, the tail-water depth is approximately 


Date 


Dentated Sil Apron. the original proposed design of of the spillway 
 conerete apron, , extending about 120 ft down stream from the toe of the dam 
dentated developed by Professor Theodor Rehbock* at the 
was proposed. This apron was” level and at a elevation in 
to follow the a average rock level. aw ‘lite’ 
Tests on a model of this set- -up showed that the sheet of water flowing 
| the spillway eut through the tail-water, which was of considerable 
a: depth, at all stages of flow, with very little surface disturbance or loss in 
velocity, and struck the dentated sill with terrific force. Fig. 1 shows a 
‘Engineering News-Record, July 14, 1932, p. 42. 
"Transactions, Am. Soc. C. E.. Vol. 93 (1929), p. 527. 
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‘ -section along apron (through the dentate) with the maximum 
expected discharge. Velocity m measurements ‘were ere taken “at various points 


ax: a Pitot tube, and lines 7” equal velocity, converted to Prototype scale, ba 


Pitot Tube Stations 
=] 


Reservoir El 263.5:q = 596 Cu Ft per ‘Sec 
| per Linear Ft of Apron 


Water Surface by Point Gage ' Tailwater from ; 


a 
Right Side Wall 


y 


Prototype El 


20 40 60 80 100 120 140 160 180 200 220 240 260 


been drawn rep’ representing con ntours. ‘The velocity 
8 depressed by the back roll of water above the sill eal elevated by the roller 
below the sill. ‘This latter action, of course, relieves” the river bed Of 
erosion velocities. upward deflected jet continues along the surface, 
however, at comparatively high velocities and erodes the river banks, Pe 
-- The next step in the experiments was to substitute a sill with a solid ad 
wren face for the dentated form. Various heights of this solid sill were =s 
"a tried, and it was found that a height of 6 ft was just as effective in pre- 

venting erosion below the apron as the dentated sill 10 ft high. However, 

the surface flow conditions were “unstable, boil above the solid sill 


or or surging in the | tail-water, making the performance of the dentated sill 


“dentates seems to ‘this ad ‘is little « or no rin 


aS. It would seem that a sill under these conditions should be made only a 
high ‘enough to cover the range of the high velocities of the overflow jet wy 
along the bottom, | and, consequently, its height would vary inversely with e) 
that of the dam, because the higher ‘the dam the thinner the overflow 


. sheet will be at the toe. For Madden Dam a satisfactory sill was one- mne-thir- a 
“ tieth of the total height of the dam. The height of the sill varies mp 


» 


ow with the depth of water. discharging « over er the "crest. In the present case 
sill was one-fifth of the expected maximum depth. Another factor, of 
is importance, is the depth of water that is to be flowing over the sill. 
The height of the sill is modified directly by the de pth of the tail-water_ 3 
3 because the greater this depth, the thicker the overflowing jet will become Ee % 
in passing through it, and a higher s sill is necessitated to cover the range a 
of the thickened jet. A sill, or a a series of blocks with “no tail-water over 
m, is practically useless as the det is merely er into the air almost 4 
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HYDRAULIC ILLWAY OF MA DEN DAM 
high as the original water surface, and falls to the sven: bedi 
ining nearly “all its original velocity. There must be tail- -water to float 
away, so to speak, after the jet has been deflected from the river bed. 
then, the high velocity is merely transferred to the surface and 
erode the banks, and is undesirable. she 
TR any type of block sill is used on this apron, entire dependence is 
placed on “it for stopping the velocity, and a small break starting any- 
where would endanger the entire structure. Logs coming over the spillway 
would be carried down by the high-velocity stream to strike son 
against the sill. The proposed dentated sill was 10 ft high and 30 ft wide, 
involving a quantity of conerete and form work in its construction. 
The anchorage would have been difficult and expensive. 
poyalty would have had to be paid for using: this type of sill. ‘With: 


i] 


; - inherent disadvantages to the use of a block sill, investigation of other 
_ devices sor dissipating the energy of the overflow was started 


- 


‘removed from the a apron. stated before, this apron was 1s low in tail- 

1G water, being at Elevation 60, and the depths over it at all stages of dis- 

were apparently too great to allow the hydraulic jump to form, 


and high ‘velocities persisted along the bottom for a considerable distance 
stream, This can be seen in which shows the distribution | of 
ea velocities when the tail-water is at i ree 


H ! Reservoir El 263.3:q= 591 Cu Ft per Sec 
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CONTOURS FOR FLow APRON, wiTH Deep or NaTurRA 
It was found that if the tail-water was lenered, the flow over the crest __ 
“ the dam being kept constant, a certain point was reached at which the = 


q surface of the water became very turbulent and rose more or less abruptly 


" — from the toe of the dam, thence flowing off in a quiescent si state. In other 


words jump formation was taking place. 
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YDRAULIC-J UMP APRON 
ae _ Level Apron.—The feasibility of using the phenomenon of the hydraulic | 7 i 
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| ‘The tail- water was adjusted to force the beginning of this jump as ‘ie 


a ssible back on the toe of the dam without “drowning” it. This ie tng 


é mont was made for several flows, and the required tail- -water noted. 
charge is shown in Fig. 3 as 


© Adjustment to Force-Jump Back on Bucket} 
& Computed From Momentum Formula, Equation (1) 
Natural 
Tailwater p 


Fe for Best 


20 


100 «150-200-250 

in Thousands of of Cubic Feet, ek Velocity on n Apron (El 6 60), in Ft per Sec 

8.—TAIL- WATER DEPTHS To Fic. —Vewocities AT Various 
gs SE THE BEST HYDRAULIC JUMP PER- OF TAIL-WATER FOR THE SAME FLOW ON 


4 made with a Pitot tube showed t that such 


water) was then varied and the "resultant as by the 
Pitot tube, were recorded. _ These velocities have been Plotted in Fig. 
for three different discharges. — Although the velocities from 


e velocities of the sections, it is ” eae 


this position are not the averag 
obtained, “show, a relative energy dissipation for 


curves that gives a a definite tail- water depth to obtain a minimum resultant 
velocity. These peak points are plotted on Fig. 8, represented by the 
crosses, and check closely the first of the 


ent. The yan? 
or the average velocit jump, was 


was s computed, in which q = Cd. (In the notation ation of this sceiuaail an effort 4 
has been made to conform with “Symbols for for Hydraulics, 7” a z a 


= 
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“A Pj ained fixed, 
velocities along the bottom. A Pitot tube was placed, and rem 7 
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shows close ¢ 
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“Committee of the American Standards Society 
gentation, and approved by the Association 

It is seen, then, that the natural tail-water at the dam site 

Site 

od a depth over this apron to allow the jump to form. In fact, at 
natural tail- water depths, the velocities are about as great as can ha 

oo the bottom, : as may be seen in n Fig. 4. 4, This is is contrary to a somewhat | 

cae general acceptance that a deep tail-water is an assurance for the dissipation 

- of the overflow velocity. With the natural tail-water lowered to allow the 
aulic jump formation, the rate of velocity retardation is much faster 

; ‘ad the final velocity, after the jump has been fully completed, is decidedly ; 

: less. than occurs at the same distance down stream under high tail-water. 
‘This may be seen by comparing Figs. 2 and 5. _ Unfortunately, the : sec- 
tion does not extend far enough down stream, in Fig. = ba show this 
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| ;Tailwater from Float Gag e x 
Water Surface by Point Gage 7 


prototype Elevation, i 
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1¢. 5.— VELOCITY Conrours FOR ‘FLow Over’ A LEVEL APRON, WITH Tatt- Water LOWERED» 


To ‘THE FORMATION OF AN HypRAULIC JUMP 


final point of complete recovery of the jump ° where the velocity has al 


teduced to a minimum and is practically constant across the section. 
The surface rise in the jamp for fow of this magnitude is 
gradual, the jump action ‘extends for a considerable distance down 
‘stream, although | the point of beginning is forced back on the toe of 
a 
the dam. hack flow or roller occurs along the rise. The higher 
Velocities hug Closely to the floor until: gradually r retarded. . The flow lines 
shown, ‘Fig. are typical although for smaller discharges the surface 
Hise is more abrupt oul, consequently, the length of the jump is shorter. 
‘The depths required for formation, by lowering the 


= at the 


repeated. The jump up on at all flows 


— 


q 
— 
=60 -40 -20 0 
— 
— 
ait 
— 
a 
at this low level of Elevation 60. Since the natural tail- | 
ee dam site is fixed, it was necessary to raise the apron toa ¢ = ae 
we on in order to lessen the depths over it so that the jump _ a a 
jim 
rt 
oF 


ae although indications “were that it could be raised 2 or 3 ft higher, which = 
- - would cause a closer coincidence of the natural tail-water depths to those 
required to produce best hydraulic jump. This i is” illustrated in 


Sloped —Although a close coincidence may be obtained there 
would be only flow, theoretically, where the natural tail-water 
over the level apron would give e exactly the depth required for the jump. 
It was thought that, if the apron was inclined, the jump could move oe 
down the slope until the depth _Tequired wee 
the var variations the tail-water. 
4 concrete would result in this case because’ the deoda apron would “2 
From) the forementioned experiments of the hydraulic hi 
From the afore e perim y 
level apron, it was found that the depths which caused the oe 
floor velocities agreed closely with the theoretical depths for the jump 
formation : as as computed by y the momentum formula. the sloped “apron 
the computation becomes involved, due to the necessity of considering the 
gravity component of the water in the jump and nothing satisfactory 
_ be developed from a attempts to > adapt the formula to this | condition. 
oA formula that included this weight component would roms that a greater es 
farther down the slope where this greater depth is Bven 
with this knowledge there is no method of predicting a satiafactory tail 
water el elevation, one that _would ‘start the jump on the 
at any flow. “difficulty lies” in the fact that the datum plane is 
Bs. - jndeterminate, above which the required vertical depths are to be assumed. 
- as The theoretical position of the jump can be | computed but it would not ig. 
be known whether this position would. start. ‘the jump well back against 
the face of the dam and yet not 80 far back as to “drown it out. ” Unless the zie 
jump “starts well up on the | apron, is not made of the apron 
length. The calculated position might start the jump some down 
slope away from the therefore, for equal pro-— 
tection this length m must be added to 


Apparently, the solution was a case and try” 


-water below this apron was adjusted so that: the jump forall well 
on the : apron, starting back against the face of the dam. This 
dition was the first desired prerequisite. It is seen, however, that the 7 

_ required jump depths are less than the actual depths resulting from natural 4 
tail-water, indicating that the apron should be raised. This was done 
until it was found “that an apron beginning at about Elevation 97 gave 
best average results. The tail-water over this apron was adjusted 
‘until the jump was forced back against the face of dam, as was the 


procedure tests on each apron. check was then made of 
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Fig. 6 shows tests on aprons of two different slopes. ‘The apron first 
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fixed, at a point just off the 
floor and near the end of the apron. The tail-water was raised and lowered — 
until a depth was found which caused the least to be pas 


150 


xe Minimum Velocities fom Fig. 7 
Q=150000 Cu Ft per Sec. 
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100 150 200 25020 (30 40 
in Thousands of Cubic Feet per Second on Apron B, in Ft per Sec 
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The resulting velocity curves, obtained from the Pitot readings, 


water required minimum velocities, tail- ~water 
adjustments. first made. The latter have been plotted, in Fig. 6, orf 


- discharge to show the range of depths required for the best hydraulic 


a": Different slopes were tried, but apparently a slope of 1 on Wee tlieds 


steep as could be: a good jump formation. On 
little 


curves shown in Fig. 6, indications are that if Apron A is raised, a closer 
average coincidence of the jump depths with the natural tail- water would 
; bee obtained than in the case with the raised Apron B. This leads © to the 
thought that the shape of the jump curve may be varied by changing 
the slope of the apron. This curve could then be made to conform closely 
<: any given natural tail-water curve by adopting a proper slope to the 


steepest apron could be used would result the greatest 
economy in this case and since it was found he the 
over Apron B, beginning at Elevation 97.3, averaged closely with 

the actual tail-water depths, this apron was adopted as satisfactory for the y 

final design of the model. From > later studies of the results of these 

tests, the final construction plans were changed to lengthen the —e 
apron by 30 ft and to lower the elevation of beginning of the slope 3 ft. a, 
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- sufficient to force the jump well | up on the apron at these flows. It may “ae 
supposed that, since the tail-w: -water depth | is fixed by the ra rating curve, it 
the apron is lowered the depth over it is increased Bi d more nearly 


approaches ‘that required for the jump. 
Lowering the apron will” improve jump 
@ Stages” of flow, which occur more frequently. _ At the higher discharges the . 
of jump will fall slightly below the natural tail- -water, but 
factor of safety is so obtained in case the rating curve (which was 
_ extrapolated for higher flows) less, or case the natural tail- water 
lowered at the dam : site, by the erosion | of the gravel beds down ‘stream, 
Incidentally, the model tests showed that the tail-water could be loud 
_) much as 20 ft without the jump being swept | off the apron. ~ \ 
_ Extending the aj apron 80 ft farther down stream would furnish greater 
Protection to the river bed and, as the slope was also flattened, the con- 
 erete saved at the upper end was used to make the extension down stream. 
- 2 The apron as built at Madden Dam had a slope of 1 on 4.3, beginning at a 
point _ tangent to the bucket (radius, 60 ft) at. Elevation 94.3 and 


ing from this point 158.15 ft down stream with a sill 5.7 ft high, having 


ts _ Deflector Sill—At all ‘but the smallest flows the length of the hydraulic — 7 
¥ jump, or the point down stream 1 where full r ‘recovery takes place, is beyond a) 
the end of the proposed apron. Theoretically the apron or protective pave- 
“ment s should extend | down stream to a point where the b bottom velocities have . 
reduced by the jump to an extent which. will not erode the foundation 
rock. It was found from the tests that a small turn-up sill a the end © 
the apron would lift the e velocities o off the river bed below, but would 


not destroy the functioning of the jump. The ‘thought that if 
_: was” too high, impact would result and the ‘stream would be | deflected ee 
upward, thus “blocking out” the static pressure o of the tail- water neces- 
sary “for the jump. “The tail-water might even be swept ‘out between the 
of the dam and the sill. ‘The sill should act only as a deflector, to 
the sheet of water just. high enough to clear the bottom, allowing it 
to continue down stream where the velocities are dissipated in the normal. © 
Expected Jump Performance. —The action of this sill and the function- _ 
ing of the hydraulic jump on a sloped apron are shown in Fig. 8, which — ee 
is” a composite of | ‘some of the results obtained from the m odel tests on 
- the final design of the sloped apron, under natural tail- water conditions. 
e curves, taken by _Point- gage measurements, are drawn for 
five different rates of flow, covering the entire range of discharge. Veloci- 
ties through each cross-section were measured with a Pitot tube. Velocity — 
3a contours for the lowest flow vy only (but. which are typical) have been drawn 


in Fi ig. 8. df Energy gradients, representing the maximum “velocity heads” 


TESTS ON SPILLWAY OF MADDEN DAM 

Both ‘tune: alterations were seen to be beneficial. The jump curve 
Apron” B shown in Fig. 6 lies above the natural tail- -water rating curve at 
the lower discharges, indicating that the natural depths ate not quits J 
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lischarge. 

The loss in energy through the jump is illustrated graphically, being greater 

and quicker for the smaller flows. Velocities in the overflowing sheets 
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Fic. 8—HypRavLic RELATIONS OF THE FLOW A MopEL OF THE MADDEN SPILLWAY, 
REPRESENTING NATURAL ‘CONDITIONS ‘FOR THE ENTIRE RANGE OF 
— just before they strike the tail- water wire taken n with a Pitot tube and 
were found to agree closely with Equation (2) when d, w was measured with 


point gage. These velocities, especially at the higher flows, amounted 
to almost the theoretical values — since the surfaces of the model = 


painted and sand- papered. to a very smooth finish. On the prototype ype struc 
ture greater loss in friction may be expected. Provision was made at 
Madden Dam to measure this loss by installing Pitot tubes on the spill- 


way toe. A factor of safety is | obtained, | however, by keeping the friction 


velocity, and the depth, before the jump be being measured in 
each case, the for the hydraulic jump was computed from 
Equation (1). These depths, or d, have been plotted, in Fig. 8, parallel 
to the slope of the apron and at the Points | where they are crossed by 
: the tail-water elevations, projected u up ‘stream, a line is drawn as the locus 
of the theoretical position of the jump. It is perhaps significant that — 
these computed positions lie fairly close together near the center of the — 
_ As on a level apron, the highest - velocities lie along the floor, becoming 
- gradually less toward the top with a reverse flow or back roll on the sur- Ss 


= 


face (see Fig. 5). At the beginning of the jump, pressures on the. apron, 
as recorded slightly below the water surface, meas- 
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Pressure recorded on the up-stream face of the sill is little 
ds a ,, than the static pressure which indicates only slight impact. Pres- __ 7 es 
— 


than» water, which ma may be attributed to 
" ae Retardation of the e velocity of the overflowing sheet is not instantaneous: oy 
highest velocities persist along t the floor until "gradually reduced and the 
jump is not fully recovered until some distance beyond the end of the > apron. | AY 
At a flow of 49500 ft per sec (see Fig. 8), although the 
velocity of the water at the toe of the dam before entering the jump, 
was ft per sec, , the highest “velocity obtained at the end of the 


apron was 16.8 ft per sec. sf | This remaining velocity, however, is lifted 3 


the "action | is anslogous but a greater length down stream is 
to complete the full | recovery. i 
There is a similarity o of action between the hydraulic jumps occurring | 
on a level floor and on an inclined floor. The rate of velocity retardation on 
~ Apron B, Fig. 6, seems to be as fast as that along the level apron until iy 
the end of the slope is reached, , after which the retardation is much slower 
and the velocities persist farther down stream than is the case when the 


. ‘de jump occurs on a level apron. _ Apparently, the stream is taken down to K 


of the apron the Tess | perfect is the formation. ‘The s slope of 1 
on 4, adopted here for conerete economy, is about ‘the steepest that can 


jump performance, as discussed in connection with Fig. is 
typical for the total range of discharge over the spillway. At any flow the A 
beginning of “the jump is forced back against the face of the: dam and be 


although distance down stream required for full recovery increases 
with the discharge and extends beyond the end of the apron, the bottom + y 
lifted free from | the: foundation Tock by the deflector sill 80 


of the ‘proper at the “end. This ‘apron n need only cover 


of the hydraulic jump where the first and consequent 
: m Fig. 9 shows the e characteristic relations of the hydraulic jump when P| 
it is made to form on a sloped apron at the toe of an over-flow dam. The 7. 


curves have been obtained from results: of these model” ‘studies, is 


datum line is assumed, usually a at low flow, or no flow, tail- water 
— evation. A sufficient length of the apron must be above this elevation in 
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HYDRAULIC TESTS ON SPILLWAY oF DAM 


Pies that the beginning of te jump eodaaaes moves up stream at each 

increase in discharge) yd oceur on a flat slope. — A good jump forma- 

tion will obtain with the point of beginning on the curved surface | of the ie 
a bucket, but not if it is forced back on the steep slope of the down- stream 
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Fis. 9. Rew ATIONS To Jump Fic. 10. —Corrricients OF 
mae ON THE SLOPED APRON aT TOE OF OVERFLOW _ DiscHarGp Over CREST, 
MS 


fee . of the dam. The jump should begin as far back as as possible, however, __ 
‘in order to utilize the full length of the apron. For the maximum expected ‘ 
flow it should begin at the point of curvature ‘of f the e spillway bucket : from 
The maximum expected tail-water is then used to determine the maxi- 
mum, d,, and the maximum, he, which locate the point of curvature for 
" the bucket with ‘the radius, r, as shown in Fi ig. 9. _ The slope of the apron 
should not exceed 1 on 4 and should be carried down at least to a depth 
Friction Loss at Toe.—Measurements of the over- 
i: flow jet at the toe of the dam were made with a Pitot tube. They were bine 7 
taken’ at the same station at the toe, but for various depths of water 


over the crest. difference between the indicated mean velocity head 
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si from the Pitot tube and the 1 total theoretical velocity head (which is te 


a vertical distance between water surfaces) | was taken as the head loss due to 
friction. The values thus obtained were found to be be averaged closely 


in| which H of ‘from apex of crest to toe; and, 


a= the depth of water over the crest, from reservoir level to apex of 


crest. _ Equation (3) should hold true for friction loss at the toe of any ae 
dam similar to that of “Madden Dam. This model was 
galvanized iron, enameled and ‘sand- papered very smooth. 
tions from the tests ar e that the value, C = 0. 0115, increases: 
- roughness of the lees and would be 0.0135 for models covered with gal- 
vanized iron which had ‘not been painted or sand- papered. concrete 


to average the values obtained from 


Other Devices—Variations in the of the apron were tried 

none of them proved successful enough to be incorporated or to 

Es 4 a change in the sloped apron layout. _ Some of the alterations tested were: 
q (a) The sloped apron built in steps; (b) a channel or pocket below the ae 
lip of the bucket cut into sloped apron; a high spillway 


els or dentates cut ‘the high 1 bucket “Cater weed at Tygart 
Dam)! Most of these alterations were attempted with the idea of saving 
concrete, as the apron was very thick at the toe of the dam after it had Pate 
been, raised to the necessary height to cause the hydraulic jump fe formation. — 
Later, this heavy apron was included in ‘computing the stability x: 
Pt dam, greatly | increasing the factor of safety against earthquake ¢ stresses 2 
and also against sliding. The simplicity of design, the ‘ruggedness of per- 
adaptability to conditions at Madden Dam gave 
preference to the use of the plain sloped apron, with a small deflector sill, 
to obtain the hydraulic jump; so that investigations of other devices for 
dissipating the energy of the overflow were discontinued. wt 


Right Bank Excavation “addition to the development of the spill- 
; way apron, model tests were made to determine other. features of ree. 
spillway design. The proper treatment of the excavation along the right — 


bank proved difficult of theoretical analysis. Immediately the 
dam site, the river bends abruptly to the left and the original contours 
al the right bank protruded across the flow from the last spillway gate. E 
‘The original design contemplated leaving this hillside in place and:per 

fs ing the steep 1 on 1 slope for protection against the spillway flow. ‘The 


‘Engineering News-Record, March 14, 1935, p. 376. an 


— 
— 
% 
pa 
— 
— 
= 
— 
4 
v 
| 
= 


HYDRAU Lic TESTS ‘ON SPILLWAY OF MADDEN DAM 


tests 8 chow the hillside was steep for, the water to ‘ 


the "foot the ‘slope and caused stream from 
‘pavement. Alterations” were tried in which this slope was made flatter, 
but little success was attained in attempting to make the water flow 
a uniform sheet along a slope of almost any inclination, however slight. a 
tt warped surface probably could have been developed that would carry its — 
share of the ‘discharge but still no provision would be made for checking 
the velocity of the water. A sill placed along the top was not very satis- 
factory as the tail-water r over it became less and less_ up the slope and the > 
flow was sprayed into the air, only to fall back on the ‘unprotected bank — 
It was finally decided that the safest and most “positive results woold 
be attained by cutting into. the bank and extending the apron across the — 
full width of the spillway. It was found possible to level off gradually | a z 
‘and raise the down- stream . end of the sloped apron toward this right Fe 
bank (see Figs. 12 and 13). However, the apron was kept down under 
the tail-water so that the depth of water over it was ant to form the a 
Tail-Race Walls.—Another | problem that arose the effects. au 


bend in the river below the dam was the checking of the eddy or ‘Teverse — 
flow which naturally formed along the left. bank. eddy is. accentu- 
ated by the water ‘surface in the hydraulic jump spillway apron 
which is at a lower elevation than the tail- -water below the power house. 
This conditio n creates: a difference in pressure and a cross- -flow. The 
effect is detrimental to the ‘functioning of the jump, ‘causing: an unbalanced 
condition resulting i in concentrations of velocity. This reverse flow also tends 
4 to deposit ‘sand and gravel in the draft-tube openings and to set ‘up ‘surg- 
ings in the tail-race which > _ might hinder the speed regulation of the | 
To remedy a ‘division wall was placed down stream from 
‘the power house to separate the spillway and turbine tail-race. Theo- 
E retically, this wall should be high enough to prevent overflow into the 


spillway at any discharge and should extend down stream until the water 


that ‘if the height of the wall followed the actual surface rise the 
— jump, ‘the , over-pour on to the top of the jump p caused no harm. Accord- 
i. ingly, the wall was built at this point 12 ft below the elevation of the max- \ 
expected tail-water, with resultant saving in concrete. On the 
i other: side of the river, the hydraulic jump is 3 contained by paving 2 along 

Below Spillway Apron.—Prediction of the nature of the erosion n 

Z kal to occur below the spillway apron was possible from the model studies, 

at Previously stated, the original gravel deposits: in the river bed were 


No attempt was made to graduate this sand to the scale of the model as — 


— on the model by building up the contours in sand (see Fig. 1). — 
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the: phicctive news to reduce the velocities eis a point where no erosion of the = 

foundation rock itself would occur. erosion tests on the ‘model 

were qualitative rather than “quantitative. was found that for the 


— 


smaller flows, up to a quantity representing 50000. cu ft per sec, the sand 
contours were scarcely disturbed, but for larger flows the over- “burden ‘was 
washed from right bank and river” bottom below the apron and 


deposited as a bar across wi main river channel. successive 


to farther down expose the bed- -rock. The meximum 
expected velocity to which this may is about 25 ft 


om field 


in which sp specimens s of the ‘rock 1 were to 
jets, no erosion is expected at velocity. 


Drum-Gate Operation.— —The proper operation of the 
gates was quickly seen from the model a The operation ea 


overflow. | of the a <a hydraulic jump 
tion is to heave | the water enter the jump in a uniform jet of equal velocity — 
across its entire width. _ This” is readily accomplished at Madden Dam oa 
by. opening the four spillway drum-ga gates simultaneously. The design of 
these gates allows for spilling over the top at any partial opening. If one, 
: two, or r three gates are opened, the jump on the apron is broken up by the — 
inpour of adjacent tail- water. The water below a closed gate 


be at a higher elevation than the surface rise of the. water in the jump 
_ and a cross-flow will result. Al 
out” it was found that ‘concentrations “of flow set up which greatly. 
aggravated the erosion below the apron. Except for the small flows, or for 2 
short periods of time, it. would be dangerous to open the | gates singly. 
Discharge of Drum- Gates. —In the crest of the model, the drum- -gates 
“were ‘Teproduced to scale. With the ‘gates at several different positions of 5 
= 4 closure and the pond at various elevations, coefficients of discharge curves fs 
were determined by plotting of C in the formula: 


against the head on the gate (see Fig. 10). In the tests the head 

measured, in the customary manner, from the highest point on the 
to the water surface up stream where the velocity — of approach was, ig 
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mined, and was found to be in excess of the design assumptions. = 
ee ‘The quantity of water that would discharge over the top of the gates — | a 
the fully raised position was found. This information was desired a8 
it may prove advantageous to throttle the discharge by raising the gates 
a ss after the peak of a flood has passed, in order to protect shipping in the 7 
(aa _ canal. Passage is interrupted when the flow exceeds 50000 cu ft per sec at i: 
— 


the point wher own stream. This was one 
of the the height of the drum- gates. 
+ Nappes and Pressures on the Crest. —At different gate-o -openings, with - 
various heads of water flowing over the crest of the ) gates, the outlines — 
@ the surface curves were | taken by means of a a point gage. The pressures be 


along the crest were oases by _ piezometers. Fig. 11 with Table 1 
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TABLE 1.—Test Runs Corresponvine To Fra. 


4 Ratio of flow, Q, in Head on of flow, 2. in ‘Head on 
No. cubic feet per second | crest, No. cubic feet per second | 


feet 


. shows a a typical set of curves taken for a condition representing the drum- 

tes fully opened. It will be noted that a vacuum was recorded on the — 

down- “stream face of the crest for all the flows tested. Preliminary analysis 

of the proposed crest by the flow-net method showed this, vacuum to 
and its effect was recognized in the design of the crest. A Check of this 
= analysis was made by reproducing the assumed ‘conditions on the model. 
= very close agreement was found in the pressures, both ‘negative and = 

- Positive, along the crest. Howe wever, the water -surface curve obtained on the r, 
model lay considerably below the water surface assumed for the computa- | 
tion, from the apex of the crest down stream. 
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were measured at various positions of the gates. maximum 
=i case was taken with the forebay at its highest elevation and the gates 
opening. It was found that as originally designed, the wall needed ae 


am be 1 raised slightly and the outline changed in order to follow more closely — 


the | shape taken by the overflowing nappe. 
At one position of the partly opened gate, this nappe rose nearly to 


the top of the wall practically its. entire length. Nevertheless, 


velocity of the Water was such that a negligible pressure was recorded 
against the wall, except at very bottom where the jet has finally 

spread enough to cause impact. ‘This impact a amounted roughly to a 
“¢ sure equal to the depth of water flowing over the crest of the gate. Ba 
Other Features.—Other features: of te design (not previously discussed 
4 herein), that were « developed ‘from— the model tests included: The } proper 

~ location of sluice-ways through the spillway section; the shape of the 
deflecting lip over the sluice-way exits; and the location of the control 
float intake, at the drum- _gate. The | sluice- e-ways, which “were rectangular 
(5 ft 8 in. by 10 ft 0 in. high) discharged into the hydraulic jump on 


(see Fig. 13). No serious interference with the jump formation was ‘noted 
in the tests “when the sluice-ways were located between the spillway — 

“4 gates; that is, below the spillway piers. The original plans were changed 
to ‘move em to this | location from the first position which: was mid- 

way between the piers. s. Over the exit, where the sluice- -way comes through 
the down-stream face of the spillway section, a deflector lip, the proper 
dimensions of which determined by experimentation, was placed to 
relieve back pressure that may be caused by spillway flow. © a check was 
.% made to be sure that no vacuum developed in the sluice- ways | during the 


flow over the spillway exits 


and pressures through the jump at various flows. Comparative data o on 
_ performance of sills of various heights and shapes were also secured. Pere 


formance data were obtained o on ‘the action of the other ‘devices previously 
mentioned for dissipating the energy of the overflow at the toe of ogee dams. oa 
Danese and ‘still pictures were taken of nearly every set-up that was tested on 


SurPoRTED py Mover Tests 
Conclusions pertaining to ‘model tests Madden Dam may be stated 
on the basis of the foregoing data, as follows: | 
The hydraulic jump is very effective | in dissipating the energy 
ry os of the overflow at the toe ‘a ogee dams, the resultant velocities at the 


end of the jum bein little greater than those ‘normally resent in = 
river channel during a given flow, if 


f no dam 


am were present. 


the ‘spillway apron at Elevation 8 89.67, about the level of low tail- water -. 
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HYDRAULIC TESTS ON ‘SPILLWAY OF MADDEN 
(2) The jwnp can be formed and controlled best by placing a a sloped 
apron down stream, tangent: to the bucket at the toe. oot will move up or 7 
the slope with | variations in tail- water du ue to different discharge. 
ay (3) The elevation of the apron ‘must be placed relative to the tail-water 
so that the depths over it will start the j jump precisely | at the toe of the 
for all flows, in order that the total length» of the may bo 
(4) slope of the apron "should not be steeper than 1 on 4 
change in the slope alters the shape of the required jump-depth curve. 
— By adopting a proper slope to the apron a close coincidence may be obtained 
ith the natural tail- water depths throughout | the entire range of discharges. — 


(5) The length of the jump, distance down stream required for 


full recovery, varies as its magnitude, $ increasing with the discharge. 
The “highest velocities through the jump occur near the 


. (7) The length of the spillway apron then should cover the range of 


_ velocity retardation 1 until a point is reached where the velocities aca low j 
enough not to ‘cause the river be bed to scour down stream. 
(8) This ‘apron length may be shortened by placing a sill, 
: ‘gradually sloping face, at the end to deflect | the floor velocities 3 just free 
_ from the river bed below, until they are retarded in the natural action | 


(9) The should be protected or enclosed vertical side walls 


a height, at which follows the rise in the water | surface through 
as the Jump, in order to prevent “washing out” by the cross- flow of the 
adjacent quiet tail-water. It is “more desirable to. have the side walls 
high enough » to exclude the : adjacent tail-water entirely. mS The walls should 
extend down stream to the point of full seoueary where the water surface 
Teaches the same elevation | as that of the adjacent tail-water. 
The water er entering the jump ) should be of equal depth 
- across the entire width; or, in other words, the discharge over the dam — 
should be uniform. This is accomplished at Madden Dam, without 
the use ‘of training” walle for each gate, by simultaneously lowering the 
drum-gates to the same opening. 
(11) ‘The hydraulic jump method is more advantageous than any 
other device for dissipating the energy of the overflow below dams. The 
design is ‘simpler and more rugged the energy is "dissipated by 
4 the impact of water on water. The spillway is free from obstructions that 
may damaged by logs and other debris coming over the dam. Sills, 
Ae piers, ete., to break the force of the water are expensive and difficult to 
reinforce and anchor and are always | liable t to damage. break at any 
point creates a high ‘velocity. concentration, which starts erosion that “may 
undermine the entire structure. — Difficulties of repair are likely to prove 
costly as these sills, ete., are usually under a considerable dey pth of tail- 
oo if they a are not, they are practically useless in dissipating the eemerte 
of (1) to (11) have been reached the tests or on 
Madden Dam. The by experimentation, 80 that 
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jump occurs well ae: apron 


"given over r the spillway. This is accomplished more easily at Madden 


Dam than elsewhere, perhaps, as the foundation rock was of sufficient depth 
proper elevation and 
slope could be constructed. "ke is ‘thought, however, that from the results 
of these tests, principles may be established _ that will allow the adapta- 
tion, at other projects, of this type of apron for obtaining the hydraulic 
jump. _ The tendency in later designs of overflow dams has been to use 
a sloped apron for obtaining the hpdedlo jump as a means of dissipating 
the energy at the toe. Similar aprons" were Jater used at the Norris Dam! 
and at the Hamilton Dam, in Texas. ; 
shall Ford Dam, it in n Texas, and the and Kennett Dams, in 


prey apron as a means for controlling it were “tally demonstrated by the 
model ‘studies of Madden Dam. 


In order to check the model predictions ond also to obtain bye 
- data on a full-sized structure, test apparatus was installed at Madden 
Dam similar to that used on the model. _ Piezometers were placed along the 
spillway “erest of one gate in the sides of the spillway piers, down 
the training wall. Provision was made to measure the water surface over the 
Piezometers and Pitot tubes» Placed at the toe of the spillway, 
«7 to mea measure the head lost in friction, and along the length of the apron to 
7 _ measure the velocity lost through the jump. - gaging ‘station is situ- 
ated just down stream from the dam for the of 


_ ‘The concrete apron built at the toe of the spillway is ; constructed on 6 
"slope of 1. on 43, taking off tangent to the curved bucket at the toe ail’) 
~ terminating in a small sloped- face deflector sill. The dimensions are given 
in Figs. 12 and 13 which show a general layout of the dam. _ As stated in * 3 
_ Part I this apron was as adopted after extensive model tests had been made 
to determine the best method for dissipating the energy of the | e overflow. i , 
The largest flow that has been passed over the spillway to date (1937) 
“ has been about 32000 cu ft per sec. Complete model data for a direct — 
comparison are ‘not available at this r relatively low y discharge, the 
7 results obtained are interesting and are indicative of 1 the performance to 


AND PRESSURES OvER THE (Crest 


The water- surface profiles of the flow over the crest 
steel plumb- bob, attached to a steel tape, 
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HYDRAULIO TESTS ON SPILLWAY OF ‘MADDEN DAM 
latform which suspended beneath the archway of the first 
drum-gate. approximate 4ft intervals along the center line of the 
gate, holes were cut: in the floor of the platform and a known bench-mark 
was established near each hole, from which m measurements of the distance 
to the water surface were taken, 
a Pressures along the crest were taken from piezometers placed in the 
concrete and in the steel drum-gate itself, at positions as indicated in 
ig. 14. - The re openings were connected by pipes to a mercury 
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ud 


was taken as a dm, and readings taken during the tests 


tas 


were translated in elevations of the columns above each piezometer 


will be noted ‘that the pressures as recorded by the on 


“ing rep off rapidly slong the crest due to the 
showing a tendency of the jet to the crest. The 1 model 
“tests that this tendency increased at higher heads. The 
produced was is taken into account in the 2 stability design of the crest, 
as its existence was early recognized. pe Mead 


5 - Fig. 14 shows the nappes taken over + the prototype crest for three heads. — 
Three other intermediate heads were also taken for this position of the 
gate fi fully opened (lowered), and lie consistently between the ones shown. 


piezometer are for the higher profile only, in order 
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= water- surface curve line of on the ‘model, is ales: in 
* 7 Fig. 14. This is the lowest head on which complete data were taken for 
model tests. However, there is a remarkable consistency in the curves 


indicating "similarity" performance. ‘Nappes and pressures wee: also 


Many trials were 1 made to obtain an ‘equation for these 
For water surfaces over the crest when the drum-gates were fully opened . 
(lowered) the most consistent formulas that could be derived were ae 


— y = (0.164H — 0.692) 


in which: + x and — are co-ordinates of a on the water surface, 
‘sill the Vaile at the up-stream face of the dam and the X-axis as the re 


"horizontal of the re reservoir model formula 


‘crest. Each formula showed close agreement with its ‘respec: 
tive test points, within the range of the points actually taken. ae 
_ When applied to a head of 7.78 ft (which was the highest head attained 
wee the prototype spillway), ‘Equation (5a) showed. close” agreement with 
the actual measured water surface on the On the 


over the model for a to 11.3 ft ‘over the crest. 
(which was the lowest head measured on the model). In other words, the — 
model formula could be extrapolated to check the prototype measurements, 
but the prototype formula, when extrapolated, would not check the model 
_nappes. Equation (5a) seems to be more accurate for design approxima- co 
tions, until further | tests are taken to check Equation (5b). 
py row of piezometers 1 was placed along the face of one of the end %2 
spillway piers. In general, the pressures recorded on these pienometens fell 
slightly» below the profile of the water surface ‘There. was a “noticeable 
- disturbance at the end piers of the spillway. The slight drop below static 
_ pressure which was recorded along this end ‘Pier may be due to oe 
_ tendency of the flow into the gate to leave the side of the pier as it comes 
a from the dead end of the spillway. This disturbance could be | , eliminated, Fig: eS 
perhaps, by extending the end piers a distance up stream, although in most wl ~ 
is not practical. At the intermediate piers, when adjacent 


gates are opened, there is no the flow being 
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rm LIC TESTS ON SPILLWAY OF MADDEN DAM 


‘stream tip of the top skin- -plate. These piezometers, did not indi- 
as ‘este vacuum for any of the flows attained to date. With the drum- gate = 
fully opened (at which position it ‘conforms with the crest curve), the 
vacuum (see Fig. 14) noticed at the higher heads occurs at a point down > 
: from the tip of the gate. At any of the ‘partly raised Positions of 
Ya gate, there is no indication of a vacuum on the under ‘side, | the ov over- 

a flowing sheet of water being quite sufficiently aerated at the ends, » through 
space ce behind the square end piers. Piezometers were installed i in the 


retaining wall of the spillway, but the flows have not. high 
enough to, to obtain readings from them. 
ave ‘ 


Simultaneously, with the observations being taken at Madden Dam, 
K _ stream-gage measurements were made at the permanent station about 4 mile 


down stream. _ The > readings were omens with a current meter at 1- ft peg the 


after a long period of = or 

through the gaging section 

oa the river it was not possible to 
larger flows, and the factor ni 

use may be in considerable error att 

for the higher discharges. it is 

apparent that to measure the £20 
in a degree of a accuracy com- 

parable with the model tests special - ; 
7 must be used to hold the 

current meter in the high velocity 
water so that a complete traverse 

of the section can be made. 
The “results obtained may 
prove interesting, curve 7 
coefficients of discharge was com- 
using the simultaneous dis- 


16 


in’ 


lues Head over re est, 


charges taken from a rating curve | 
the gaging station established 
readings taken during these 
tests. The equation of the coefficient 
curve for drum-gates fully opened, 
ms obtained the test points 0, 
and showed that the coefficient of 


‘alues of C, 
discharge was a function of the oF Discuanon 


— — 
| 
A | * 
in 
or 4 
— 
— 
— 
4 
iia 
Sar 
— 
— 
4 
iim 
; 
— 
pre 
iii 
| — 
— 


head as o-well'a as of the crest | shape: 


“ Fi ig. y. 15 shows a 1 plotting of this coefficient cw curve, extrapolated by Equa- 
q tion (6) f for heads than those— tested, foe comparison with the 


model coefficient curve similarly extrapolated downward by the formula: 

to cover the range of the lower prototype test heads. At the maximum 
prototype test head of 118. ft over the crest, the indicated discharge is 

about 13% greater than that predicted from the mode] tests. Some of 

flow may | be due to the Possible | error in stream | gaging. There isan 

Fi 
apparent ‘definite. discrepancy, however, as the two curves have 
This discrepancy is interesting as it isa generally accepted ‘procedure 
to use directly, coefficients of discharge obtained from model tet Ta 
some instances ¢ a great / saving in spillway length can be effected if | the 
true coefficient of the crest is known. _The data are yet too ‘Meager to 
attempt a thorough comparative analysis, but it would seem that come 
factors affecting the model flow, such as capillarity action and “viscosity, 


@ Vetocities ALONG SpILLway APRON 

During construction a number of fixed Pitot tube nozzles were installed — 


~ along the spillway apron at positions indicated in Fig. 16. The Pitot tubes 
consisted of a plate steel pedestal, 4 in. wide by 12 in. ‘the plate being 
bent to a stream-line shape, welded, and filled in with concrete. The — 

bottom of the pedestals “were” embedded and anchored in the 
and protruded 14 in. for some to 20 in. for r others above the floor of the 
spillway apron. A piece of 1- -in. pipe projected 4 in, from the up- 
edge of the pedestal at heights above floor varying from 3 in. for 

those pedestals above tail-water, to 12 in. 1. in. for those ‘pedestals — 


These projecting 
ifold and s h b of, th t Below 
maniio pressure pam in t e asement the power ota e 


> 


power station. ‘The were accurately calibrated ‘previous to 
‘and during the tests. _ With any given flow ov over the crest, a number of is 
readings were > taken on both the nozzle and the 


tively, at that ait, 16 shows the plotting of such readings for the a 
head yet obtained over the “crest. _ The Pitot ‘nozzles are 


HYDRAULIC TESTS ON SPILLWAY OF MA 
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the apron. These piezometer openings were con- 
_the concrete surface of the apron. ah: 


i - the water ‘through the hydraulic jump. This was found to be true from 
tests on the model (see Fig. 8). indicated velocity, of course, is not 
2 the average velocity of the cross- -section, but will show the relative change, — 
which was the original objective of the Pitot tubes as installed. The loss” an 
: in energy is great and occurs mainly just at the beginning of the jump. 
The flow off the end of the apron is of low velocity, not sufficient to register L 
the test apparatus. ‘The effectiveness of the hydraulic jump in -dissipat-— 
the energy of the overflow is vividly illustrated by 
- obtained in in the energy gradient curve as shown in Fig. 16. pe 


J 
|\ to 72 Scale Model 


5 
de=7 78 Ft 


140 220 240 260 
Distance from Axis of Dam, in Feet 


Curves obtained from model measurements, at the 


oi same points, have also been plotted in Fig. 16. The model discharge is 
‘ higher but the similarity of the jump | action is notable. Data for 
discharges were not taken on the model, due to difficulty of meas- 
urement on so small a ecale. 


€ 
Faicriox Loss AT THE Tox 


From the readings of the Pitot tubes on ‘the: were not 
ie covered by the tail- -water during the the tests, values of ‘the velocity were 
obtained for five different heads over the ‘crest, with the drum- -gates fully 
on opened. _ These velocities were used to compute the depth of the stream, 


- the rate, Q, having been obtained from stream gaging below th the dam. The ; 
difference between the velocity head as indicated by the Pitot 
ar readings and the theoretic velocity head (which is the difference between 

water surfaces) was taken as the loss in head due to friction on the over-— be 

lowing sheet of water. _ These rather ‘crude Pitot tubes will not, of course, 
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HYDRAULIC TES TESTS ON SPILLW. AY OF MADDEN DAM 

measure mean validity of the discussion of the 
friction loss as so indicated by them may prove interesting. rol was ro 
_ that the average of the five readings « obtained at different heads ov over the rie 
crest could be expressed by an “equation of the following form: 


4 


which hy = the head loss at a given station on the toe of the 
dam = the friction coefficient depending on the roughness of the sur- 
+ face; q = ‘the ‘exponent of the depth, expressing a relation to the friction 
Joss; i= height of the dam, from crest apex to station on toe (factor 
involving the length of the channel, which is practically - constant for all. 4 
overflow dams) ; de = the depth of water over the crest, on Se 


elevation to crest apex; and H + d- = an expression of the velocity. 


Values of “Head Loss. at at Toe of Damof H Height 
Fie. —Cunvss EXPRESSING FRICTION Loss aT TOB OF 
OVERFLOW DAMS, AS OBTAINED FROM OBSERVATIONS | 


M 


By averaging all test points, = — and ¢= = 0.623 were obtained 


A curve of E Equation, (9) with the test points shown, has been ote in 
4 
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the prototype coefficient. The p Nag then, at the toe of 

c. an overflow dam of any size, whether ‘model or prototype, may be expressed 

. by Equation (8) when fa is a coefficient of friction depending on the rough- 

of the ‘surface, v varying from =0. 00374 for the painted galvanized- | 

‘iron surface of the ‘model, to fn = 0.00934 for the concrete surface of the 

prototype: dam. The formula is expressed in prototype values and the result- 
ing friction loss, hy, must be divided by the scale of the model (in this case, -. 


12) to obtain the actual value in terms of the model dimensions. — a it a 


i Ih attempting to check the theory that this difference in energy loss 
might be due to the roughness of the surface, numerous attempts were 
to apply the Chezy formula to the test points. Results varied, 
| depending on | assumptions, as to the mean velocity and the mean | hydraulic 
| radius. A constant, n, could not be ‘obtained substitution in Kutter’s 
Manning's : formula. Consistent values were not obtained until the mean 
"assumed to be the average of the velocity at the: 
rest apex (see Fig. 11 and Fig. 14) and at the toe, and taking the mean 2. 
Pi hydraulic radius, Rm, at the depth where this mean velocity occurs. — A 
formula was” obtained in the exponential form which both 


2 1388 Re” 
; hy = the ‘measured friction loss at the toe, from Fig. 17; — 
1 = the length of the spillway from the crest apex to the toe (the velocity 
at t the crest apex being —; and, the Velocity at the toe being taken ‘rem 
the Pitot tube measurements); Vm = the average of the at the crest 


td 


and at the toe; the depth at the point of mean velocity 
= | 


- horizontal construction joints made the down- stream face wer the proto- 
type dam unusually rough. It is indicated, then, that Equation 
could be used for computing» “resulting” velocities at the toe of | dams, 
3 substituting the proper value of n for the surface and solving in the same 
manner as that used to derive the equation. id 
en and if further tests are made on the at heads” compar- 
nf able to the model data, the coefficient of the Pitot tubes as used could be - = 
obtained from tests on a model, resulting: in accurate data for 
determination 0 of the friction loss. that 


‘The prototype curve can be made to fit the model-test points very 
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~& The correct procedure for operating drum- -gates wa derive rea 


1 ITYDR AUL IC TESTS ON SPIL LWAY MADDEN DAM 


obtain the proper functioning of the hydraulic. jump, all spil lway dram a M 


gates should be opened to the same amount. To verify this model. predic. 
Bes an attempt was made to measure the resulting erosion below the opi 


wa y apron, with various combinations of drum-gate openings. | 00 


oe ‘Distance, in Feet, From Axis of Dam = 

A schedule of tests was run in which, first only one gate was opened 

“fully, and allowed - to spill for 38 hr, then all four gates were opened partly 3 


8 that the same quantity of water was spilled as was ‘passed. ‘through the 
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Fic. 19.—VIEW OF SPILLWAY BRIDGE, SHOWING INTERFERENCE WITH HYDRAULIC ae 
ON APRON, CAUSED BY THE TaIL-WaTER BELOW CLOSED 


Frow, 7 7500 CuBic SECOND 
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20.—VIEW FROM SPILLWAY BRIDGE, SHOWING ox 
Frow, 7600 Cusic Feet per SECOND 
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nn 
was ‘repeated with two gates fully opened and then with’ the four 
gates partly* opened to pass the same quantity of flow; and, ‘similarly, with 
ay three gates. After each of these settings, soundings o f the river bottom — 
were taken in in the tail-race below the apron for the purpose of: ‘comparison. 
The change in the profile of the river gravel was so slight, however, Lan 
no definitely conclusive comparison could be reached. — There seemed to be = 
only a shifting of the deposits, with little movement down ‘stream, at any - 


pars 
of the combinations: “gravel was moved one place 


‘after ‘all: egillages in the aforementioned series tests. Tt will 

_ be noted that the gravel has been smoothed off, but no erosion occurs below “4 

lip of the sill, which is vital Quite a depth of gravel 
4 remained over the foundation rock. «At higher flows more severe erosion — i 
the over-burden be expected, but it was found from the ‘model 

tests the sill eliminated the possibilities of scour undermining the 

19 is a view from the spillway bridge showing the flow from 

one gate only. Note that the adjacent tail-water crowds the beginning of — 5 

the jump, causing the flow to concentrate toward the retaining wall, This” 


more of the effects one gate 
obtained from readings taken on the Pitot tubes along the apron, which 
ae situated below Gate No. 1 ie if this gate we were opened alone there was 
marked increase in the velocity. along the apron as compare ed with the 
velocity existing if all four gates are opened partly to pass the same flow. 
§ visual comparison is readily made by referring to Fig. 20 which peal : 


flow being passed over r all drum-gates, lowered to the sam 


Obviously, the best method is operate the gates sim 
can b easily done because. the drum- gates a allow spillages o over the top in 
any position, without detriment. The controls. are designed to hold 


gate in any position. Except for ‘short or at low heads, the 


At the over Madden Dam spillway to “date, the performance of the 
hydraulic jump has been consistent with the predictions at a 
model tests. ~The depths furnished by natural tail- ‘water: have 


o date, of 31 800 cu ft per s sec. . Fig. 20 sg 
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hydraulic jump at the too of the dam for the maximum flow attained 
t hows the jump at a lower flo 
— 


on the prototype. ‘This attributed to the jin the 

roughness of the surface of the model and the concrete dam, as 

For” other comparative measurements ‘it was found thi that the 

 eurves taken over the spillway crest on the model could be used to predict a ; 
the prototype nappes within a reasonable degree of accuracy. The compara- a 

tive pressures on the crest seemed consistent. An | ‘apparent increase was 


obtained in the over the the _ Prototype dam from that 


over the spillway and there are no model ¢ data 
- able for a direct ‘comparison. Accurate and complete data were not taken 
on the model for very low heads over the crest for two reasons: (1) The 
model was built on a rather small scale (1 72) ai and very low quantities of — 4 
discharge were difficult to “measure; (2) the principal objective of the 
Jog experiments was to determine the best method to handle the larger 
maximum flows safely, so that few data obtained on flows 
a prototype equivalent of 50 000 eu ft p per r sec. greater flows 
i however, complete and accurate records were obtained at: various increments _ 
of flow up to to. the maximum expected discharge of 260 000 cu ft per sec. 
The comparisons which have been attempted herein were made: from 
_ extrapolations, but it will not be until these tests are completed for higher | 
that a study can ™ made. From what has been 
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is due to. James W. Ball, Soe. C. E. , for his 
assistance in conducting the model tests, and to W. 1 F Bingham? for 


in 

the his aid in preparing the report on . the model tests. _ q Messrs. P. S. 0” Shaugh- 

di- er nese! and J. C. French assisted in the prototype test program, which was 2 
tes conducted under the administrative direction of Mr. W. L. Hersh. _ The model bs 
$s tests were conducted under the direction of E. M. Am. Soe. C. 


The Madden Dam project was completed in 1935 ender tha: ofiaiiate 


“— trative direction of Col. Julian y Schley, Corps of f Engineers, U. S. Army, 


Am. Soc. C. E., then Governor “of The Panama assisted by 
th Clarence 8. 
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HYDRAULIC TESTS ON SPILLWAY OF MA 
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‘The loss in energy in the jump has been almost instantaneous and the 
t | _ resultant erosion of the gravel deposits beyond the concrete apron, almost § itm 
h negligible (see Figs. 16 amd 18), aol} 
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further testing, which, in comparison with the model data, would establish 
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4 s. Randolph, M. Am. Sees Ov E, was first 
later, Construction Engineer, on the The designs and specifica- 

tions were prepared by the forces of the U. of Reclamation, 
Denver, Colo., in co 
F. Walter, M. Am. Soc. ©. E., Chief ‘and John L. Savage, 
MM. Am. Soc. C. E., Chief Designing Engineer, of the U. S. Bureau of ay 
Reclamation, served as Consulting Engineers for the design and construe 


PP. 


3 1112 TESTS ON SPILLWAY OF MADDEN 
a 

; 
£4 
4 
4 
— 
— 
i 
— 

— 
— 

| 

— 


SCIMEMI “HYDRAU LIC TESTS ‘ON SPILLWAY OF M MADDEN 


Esq. (by letter). —Those who are the pos- 
sibility f applying experimental results| obtained from model tests is to 
prototype, will find this. paper of the greatest 


the type demonstrated the author are now often made in in 


praise. interesting is s the fact that there is 
ae 
between the discharges and the distribution of the the crest = 


sm. For the shape of the spillway of the Madden Dam the author oe 
a adopted a circular profile; and yet this profile is neither the most eco- 
nomical nor the ‘most suitable one for a spillway dam. One “type that is 
- quite popular is that recommended by William P. Creager, M. + 
Soe. E, about 1917.18 About 1930 the writer analyzed this profile,* 
Sis but only with regard to the shape of the hydraulic sheet (see Fig. 22); he — 
noted then that the Creager is always above the lower mappe of the 


Mr. Creager gives” the co- -ordinates of this | profile in a table which is i 
‘now included in almost « every handbook on the subject. 8 The | zero, or the 


origin, of should be referred to the vertex, or summit, of 
- the dam, as sho in Ta able 2 and d Fig. 28. It is not necess It is not —— to ac on 
TABLE 2.—Vatves or Y = 0.47 


Creager 7x = er| of Y = Creager of Y= 
Of X | nappe |0.47 0.47 x 


2.82 
3.82 7 

4.93 

6.22 


curve for the up-stream part of this vertex. lower nappe > 
ae adapts itself to an arc of a , circle rele equivalent 1 to 0.40 H, in in radius, ae 
‘ise equal to 0.12 H; the measurements in Fi ig. 23, of course, | are computed > 
- for « a head equal to unity, as in the Creager method. As to the down-— 
= part, however, Fig. 23 shows three profiles: The lower one, which z 


- ™ Professor, Director, Hydr. Inst.; Univ. of Padua, Padua, Italy. mere 
™“Masonry Dams”, by William P. Creager, 1917, p. 108. 
Sulla Forma delle Vene Tracimanti ", L’Energia ‘Milan, April, 1930. 
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§CIMEMI ON HYDRAU LIC TESTS ON SPILLWAY OF MADDEN DAM 
is ; dotted, is of the lower nappe of » the sheet, and its equation is approxi- 


-* @ upper one, é: . solid curve, is that given by Mr. Creager, and the third, 


Fig. 23 shows that the curve defined by Equation ( 12) corresponds almost 


exactly. to the Creager profile, and Table. 2 shows the ‘computed numerical 


identified by dots and dashes, is the curve of the equation, - a 


differences between the two curves ( (differences which 


Italian dam, 70 m (229.7 ft) high, end on which the spillway | allows for f 

a head of 4.40 m (14.4 ft). The dimensions of this dam, ‘therefore, do not 


differ: very ‘much from those of the Madden Dam, studied by the author. = 
The spillway is surmounted by plain sluice-gates. A model was constructed es 
on a scale of 1: 25, and the problens:..was ‘the discharge 
capacity the “distribution of “pressures along the crest. The 
oo determination of the distribution of pressure is very simple, with piezometer — 
orifices, when the overflow is free. Fi ‘ig.  24(c) indeed ‘shows the 
that have been recorded the crest. ‘These pressures prove to 
/—_ until the head on the crest reaches unity or until it exceeds 1a 
4 For these reasons the Creager profile may be called rational as regards ae nae 
pressure, as long at as the overflow is free; but this is not the case if the o 
 sluice- -gates are opened; that is, as long as the sluice-gates are wide open — 
(not less 0.50 for a head, H=1), pressures “occur as if the 
overflow were free (Fig. 94(b)); but, if the sluice- -gates are open less” than 
0.50, one immediately observes negative pressures on the crest which rah 
their highest value when the ¢ ‘he opening is is 0.25, , and then reverse. 
The profiles of these negative pressures are shown in Fig. 2400), 
which, however, one can observe that ‘this zone of vacuum, on the 


no Fo or if ‘the on the ane is 10 m (628 
a vacuum is only 0.50 m (1.64 ft). In the greater number of cases one 
may assume that these negative pressures will, not damage the structure, 
; especially if it is a solid gravity dam. However, if it is a hollow, type 
of dam, it is possible that the vibrations due to the vacuum will cause a 
7 damage and then ‘it is necessary to reduce the head on the dam. . Mr. ) 
Escande’® has suggested reducing the water head to 0. 70. as a remedy, and. 
the writer has been able to verify this value as is illustrated by Fig. 24(@), 
in which the head on the crest has been kept at not greater ‘than 0.70; 
that is, 0.70, with the profile of the dam as described. in that case, al 
the pressures on the crest are positive; 
24(a), that they come close to zero, that ‘the with regard t to 
_ phenomena obtained by the experiments, on Fig. 24(a), is indeed i 


Barrages’ L. Paris, Hermann, p. 111-66 —66. 
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STEVENS ON HYDRAULIC TESTS ON SPILLWAY OF MADDEN pM 
J. Srevens,¢ M. Am. Soo. C. (by letter) —One of the projects 
early adopted by the Special Committee of the Society on Hydraulic Re- 
 gearch, 17 js to gather data on the conformity of prototype behavior to 
model tests. Mr. has” added important data to the: -Committee’s 


Insor 80 many | eases the works vary from from the de design "developed by m 

tests, to /such a degree that a direct comparison is impossible. Fortunately, 

jn this case, the prototype was constructed to conform to the design shown _ J 

ow model studies to to be the best, and direct ¢ comparisons are possible. The 
construction management is to be complimented for installing the facilities’ 

which such direct comparisons could be made. 

a should be recognized that there is no virtue in the sloping deck, as 

to aid in the dissipation of energy. nergy. Better results would have ‘been 

secured had the deck been at the proper devation, The sloping 

Little is known about hydraulic-j -jump characteristics beds. 
% stream flowing down the face of a dam acquires a high kinetic energy 
at the bottom, which must be destroyed (converted to heat). The hy- 

jump is “most “potent factor” known in absorbing such energy, 

ac the proportion of total energy that can be destroyed will depend on — 

4 ratio of kinetic to potential energy (“ kineticity my possessed the 
water: just ‘prior to the jump and w upon the opposing forces” that cause the 
jump. If the jump occurs on a sloping deck the force of gravity on the ie 


= 


water prism acts in the direction of flow and, therefore, tends to ix increase in 


ieee n many cases, bailles of various types are placed. on t ye apron to 

constitute « an opposing force and thus aid the formation of the jump and i 


its forming on the deck or apron. this deflector. at 


jump ean be “controlled best by placing a sloping apron 
This conclusion cannot be supported in theory because little is 
known of the jump on such slopes. it cannot be ‘supported in practice 
because the prototype discharge concentrations are too low to serve as a a 
check on the model studies. For: the Bonneville Dam with high discharge 
concentrations model studies showed the sloping deck to be the worst 
Possible form that could be devised. 
25(a@) shows scour resulting from Experiment No. 46, with a 
deck sloping 3; on 4 from an elevation corresponding to — 25. The dis- 
et , beyond the piers, was 852 cu ft per. seo 
per ft of width. th model viver material was scoured to the flume bed- 


*Cons. Hydr. & oom), Portland, Ore. we 
"Year Book, Am, Soe. C 


ima 
— 
— 
— 
st 
ly 
ea — 
— 
q 
; 
— 
ge 
he 
— 
— 
be — 
— 
ch — 
Waves 
counteracts the force of gravity on the sloping deck. ‘For high dams and 
low discharges per unit width, the force of gravity on a sloping apron 
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1118 STEVENS ON “HYDRAULIC TESTS ON SPILLWAY OF MADDEN DAM 

a depth corresponding to 50 ft on the prototype. If deeper had 

available it might easily have scoured to twice that depth. Of the 
- 172 experiments made for scour prevention for this dam, Experiment. No. a 


46, with the 1 on 4 sloping deck, showed the maximum nue, 5) 


(a) EXPERIMENT NO. 46; DURATION 9.0 HOURS 


Tailwater El 35. | 


Elevation Above Mean Sea Level, in Feet 


» 

é 


“Tailwater El 35.4 if 


Distance in Feet from Axis of Dam 


is Fre. 25.—COMPARATIVE STUDY OF Scou R, BONNEVILLE Dam, WITH A DISCHARGE OF 


- shows the results of Experiment No. 47 for the same discharge concentra- i 
“ies: horizontal deck corresponding to Elevation — 16.0. 
- maximum scour corresponded toa depth of 15 ft. Although the length a. 


k iar run for Experiment No. 46 corresponded to 9 hr while that for Experiment — BA 
No. 47 corresponded to 6.8 hr, the flume bed of Experiment No. 46 had Pu 
io been exposed completely and most of the ‘scour had occurred in the first a 
‘hr. On the Bonneville deck it was necessary to place bafiles*® to insure — 
jump the deck or apron and to aid in dissipating the 
Fig. 3 shows that if. a horizontal onan could have been built at Ele 
83 a ‘good correspondence between height of jump and the normal 
— tail- water level could have been secured for practically the entire range of : a 
discharge. proper ‘of the crest gates as good -corre- 
spondence might also have been had with a lower apron. ‘This: point 
well ‘illustrated in Fig. 26 which shows ‘the between the 
height of the jump and the tail-water level for the Bonneville Dam. Fig. q 
26(a) shows that with twelve gates open equal distances, the deck should 
have’ been placed at Elevation —7.0 for for: 


ir 
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‘STEVENS ON HYDRAULIC TESTS ON OF MADDEN — 


Energy lost in Jump 
(in Percentage of Inital Energy) 


DECK AT ELEVATION Bore 


ai harge in Hundred Feet per Second 
Fie, 26. |. —CoRRES DENCE OF oF WATER LEVELS wire 


| — 
> 

‘| 


EDW ARDS ON — LIC TESTS ON — or: MADDEN DAM 


Sallie to 600 000 son ft per sec, or 850 cu — per sec per ft. of deck 
- width. “Fig. 26(b) shows that almost | as good correspondence was had with oo 
a deck at Elevation — 16.0 for discharges through seven gates up to 
900 000 cu ft per sec and throw. eight gates between 200000 and 600 000 
eu ft per sec. _ The latter ‘corresponds to a discharge of 1275 eu ft per 
Although Fig. 26(b) shows that ‘didlo of 100000 cu ft per sec 
per gate would give fair correspondence between tail- water and height of — 
jump, ‘such discharge concentrations would raise the forebay level above 
the allowable limit of Elevation 82.5. It is rama tell that je. 


ratio of kinetic to potential energy becomes low under such ¢ be conditions and 4 


4 


- the jump can : absorb | only a small proportion < of the total energy—less than 
10% as seen in Fig. flows greater then 800 000 cu ft 


| 
and little energy is it regardless of the umber | 
interesting feature of the prototype performance was obtained by 
the Pitot tubes projecting from little piers on the apron. From Fig. 16, 
it appears that the maximum velocity on the ea. just prior to the jim | 
was only about 69% of the theoretical in the prototype, whereas, in the 


model, it was about 91% for the same discharge. ‘This variation ‘needs 


F. W. Assoc. Am. Soo. C. E. (by letter).—The tests re- 
ported in this “paper, ¢ conducted as ‘they were i in 1931, have furnished 
pattern for numerous later experiments similar structures. 
addition, the paper describes the preparations m made for comparative tests 
on the prototype. - Unfortunately, as repeatedly emphasized by the author, — 
the spillway discharges - to date have been insufficient in magnitude to 
make comparisons | with the “model. Extrapolations in “studies of 


this nature are very unsatisfactory. However, the paper should serve to. 
stimulate interest in obtaining data, and thus insure complete measure- 
ments on the prototype when the opportunity is presented. 
Model Tests.—It is interesting to review the conclusions reached from 
en model tests of Madden Dam in the light of the results obtained from 3 pe 
model tests of the Conchas Dam in New Mexico, 21 eonducted 
Conclusions (1), (5), (6), (7), and (10), in Part I of the paper, were. 4 
entirely substantiated by the -Conchas Dam tests. Con clusions (8) and 
(9), when qualified slightly were also substantiated by » Conchas 
7 _ ‘The tests at Conchas Dam indicated that the : apron could be shortened 
by use of a sill (see Conclusion (8)) but, in addition, they indicated the — 
advantages of an end sill when the apron of the stilling-basin extended 


> 

ss 2% Chf. of Hydr. Section, U. S. Engr. Office, Second New Orleans Dist., New Orleans, La ie 

Hydraulic Model Tests, Madden Dam,” Engineering Record, Vol. 109, 1932, 


8 Model Tests of of Conchas Dam Stilling Basin,” U.S. Wi aterw ays Experiment o 
i Technical Memorandum No. 105-1, July 21, 19386, addressed to The ~~“) Engr., U 


‘Engr. Office, Tucumcari, N. Mex. 
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ARDS ON HYDRAULIC TESTS ON SPILLWAY OF MADDEN 


Several types of ond sills, including the sloped- face type, were » tested, ‘ail 
ts 8 stepped sill was selected as the best of those investigated. The essential — 

factor, therefore, is the sill 1 rather than the specific type of ‘sill. 

No doubt, the plan | suggested in Conclusion (9) produces the very ry best 
conditions, but the tests for Conchas Dam that where the stilling- 


final listed by the ‘author in Part 


more than its first sentence would — imply. i Although the writer agrees 
thoroughly with the first part of the paragraph, the remainder appears 
— to delve too much into matter of opinion instead of presenting a definite = 
There are two schools of thought regarding baffles. One believes’ that 
baffles are absolutely essential in with the hydraulic jump 
to help dissipate, sufficiently, the excess energy in the -over- -fall from a 
“high dam. The other school believes, like the author, that bafile s are ae 
actually dangerous. It appears that a compromise might be effective 


some cases. This was attitude taken at Conchas Dam where one row 


The stilling- basin selected from “the model eatis- 
- factorily when equipped with an end sill alone, but the one row of bafile- 
blocks was added principally to improve the performance of the basin 
the conduits were discharging alone. The baffles definitely improved 
tt action of the jump for high spillway discharges as well, and were = 
considered an additional factor of safety in ‘the design. _ By placing the ‘4 3 
’ baffles relatively far down stream, full advantage was taken of the impact — , 
of water on water before giving additional aid with the baffles. oe ae 
Prototype T ests.—The agreement between ‘corresponding nappes 
"pressures over the crest of the spillway for the model and its prototype 
appears to be highly satisfactory. The indicated energy gradients also 
"spear to be in satisfactory agreement. However, the implication n regarding — a 
- coefficients of discharge for the spillway (see Fig. 15) should not be over- m4 
a ni looked. J udging from tl the results of others, whose methods of measuring Bi: 
Be discharge were superior to those described for Madden Dam, o1 one is in- 
dined to accept the model results at least for the maximum heads. | No 
Ms - doubt, viscosity and surface tension do affect coefficients | of discharge for 4 ai 
, = small heads in 1 models, but it seems ms unlikely that the effect c= 
be great for heads of 0.45 ft (82 ft in Nature), the maximum head on 
the model of Madden Dam. i” 


Tt would be extremely interesting and worth while to ‘the 


— 
k 
if 
of be sloped off on the down-stream end without seriously interfering with 
jump action. As far as stream-bed velocities and erosion down stream 
“a n the essential feature was an adequate apron having an - — 
he were concerned, the essential feature was an adequate apron having an 
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O'BRIEN ON HYDRAULIC TESTS ON OF MADDEN 
those made by Albion Davis, M. Am. Soe. C. E., and the late Floyd A. Nagler, ee 
_M. Am. Soe. C. E., on the Keokuk Dam,?* and to those made by Louis G. Puls, 
Assoc. M. Am. Soe. C. E., on the W ‘loom, Dam.** These measurements would 


be e especially va valuable ‘because of the ‘comparison that co 
ie discussing friction loss at the toe of the dam, the author states ‘that, ms 
; “the difference between the velocity head as indicated by the Pitot tube < 
‘readings and the theoretic velocity head (which is the difference between 
water surfaces) was taken as loss in head due to friction. 
overflowing sheet of water. P The. statement in parenthesis indicates that 
- the correct value for the loss of head was used; but it is incorrect to state — 
6. that the theoretical velocity head equals the difference in water surfaces, x 
= 0 that the head loss is the difference between the measured and the 
theoretical velocity heads. To obtain the true loss in head, it is necessary iis - 
to take the difference between the theoretical energy line (theoretical depth — . 
plus theoretical velocity head) and the actual energy line (actual depth 
7 plus actual velocity head). The fact that the theoretical depth is different 
from the actual 1 depth makes the author's statement 


at Toe of Des of H “Height,” it ‘the 
are for the Madden Dam, of ‘specific height. 
Brien,2* Assoc. M. Am. Soc: C. E.—The use of 
- hydraulic jump at the base of a spillway for dissipating energy has a7 
frequently discussed in the technical journals, but several features have not 
been sufficiently emphasized. The sloping apron of the Madden Dam spill- ae 
illustrates one of these points. Ne bid we 
the analysis the jump, the hydraulic elements are obtained from 
"the summation of pressure force and rate of transportation of momentum. — 
‘This an analysis gives the depth be below the jump, but fails to give an adequate 
- ~ explanation . of the fact that energy is dissipated in a flow system assumed 
- to be frictionless. . The explanation me in the moments applied which a are 


ame total energy per “unit weight: is in 


2 plus kinetic), but a portion of the kinetic energy is accounted for by the 

“s rotation of small masses of fluid and is unavailable. Stated more simply, _ 

os the adverse slope of the water surface and large bottom velocities combine to to 
bring about a rotation which is the first step in the final conversion of a 


_ part of the mechanical energy into heat. The practical ‘significance of this — 
= fact is that “ drowning ” 


= sloping water surface and in “less ‘effective operation. The sloping 
apron at Madden Dam prevents drowning and thus increases the energy ia 
2 dissipation — over : a range | of discharges. Only in the event that the back 


Experiments on Discharge Over Spillways and Models, Ke okuk Dam,” Transac- 
tions, Am. Soc. C. E., Vol. 94 (1980), p. 777. to 


_ Spillway Discharge Capacity of W Dam,” Transactio Am. Soe. C. E., 


ot! n. Eng., niv. of alifornia, Calif. 30 
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water curve curve from the next control down stream produces submergence, at 


ple fer yh 
Note: Broken Lines 
Show Curves of wre 
‘Plotted Against 


i Val of 


“Fis, RELATIONSHIP OF z TO FOR CONSTANT V VALUES OF 


nel by Lieut. B. D. Rindlaub, Corps" of Engineers, | U. S. Amny.25 The di 


- curves show constant values of — at three slopes. Th ‘The dashed line, 
R. RANDOLPH, Jr.,% Esq. (by letter) Scimemi states 
that the profile of the spillway — crest at t Madden 1 Dam “is neither the most — : 
economical nor the most suitable one for a spillway dam.’ ” The adopted crest 
profile resulted from structural rather than hydraulic considerations. — 3 
_ order to 0 accommodate t the drum- “gates | (which are the largest built to date, 
- 1938) § in a well in the crest, it was necessary to broaden the profile beyond 
that is theoretically better hydraulically. drop in the coefficient 
i _ discharge resulted, but it was found 1 that tl the capacity was st still ample to handle 
ee the maximum ‘expected flow. For most of the time the discharge will be 
a regulated by lowering the drum-gates, and for this condition, with the water 
= over the tops of the ‘gates, a | consistently high coefficient is obtained 


(see Fig. 10). A better ar ‘arrangement ‘in which | the ‘theoretical ‘profile was 


tur * Unpublished Master’s Thesis, Univ. of California, | 
ith U. S. Bureau of Reclamation, Denver, Colo. A a 


mensionless variables entering the problem are, and, A== The 


13 ia 
ii 
jc moager 97 shows data obtained in a small laboratory chan- 
ia 
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4 g . ak, It was found from the experiments that the up-stream under-nappe adapts 3 


‘RANDOLPH ON HYDRAU Lic SPILLWAY OF MADDEN 


Maintained, was later developed by the U. S. Bureau of Reclamation tg 
similar drum-gate installation at Norris Dam. 
It would not seem advisable to neglect the shape of the dam crest esi stream ie 
from the 1e apex, as the down-stream profile i is 3 entirely dependent on the | preceding 
curvature. Iti is ‘presumed that Professor Scimemi has reference only to the 

“illustration a as presented in his discussion when he stated that “‘it is not necessary 

_ to describe a complete curve for the up-stream part of this vertex. The lower. 

_ nappe [up stream from vertex] adapts itself to an arc of a circle equivalent to 

0. 40 H, in radius, and a rise equal to 0.12 H * * *.” In 1928 the writer : @ 

assisted in a series of experiments” which were made to determine nappe shapes 

weirs for application to ) spillway-cre crest design. The 
tests showed a definite relation between the up-stream and down. 


of William P. Creager," 13 M. Am. Soc. C. E., and Professor Scimemi. _ 


itself much better to a compound rather than to a simple curve. For the best 


- design of a crest, it is vital that the up-stream profile shall conform as nearly E 
as possible to the empirical points, 


In the tests referred to previously cu curves for upper and lower 


_ were determined with a point-gage for several depths of water flowing over a os 
1¢ _ sharp-crested weir. Co-ordinates of all points thus obtained were transferred 3 
to the same scale by a direct ratio of the test heads to > a common head of unity. aa 
- Comgenionagee curves were then drawn through the points as shown in ‘me 
7 ‘Fig. 28. _ The co-ordinates illustrated were scaled to averaging lines as as drawn. st 
The points were obtained by stepping the measurements of the nappes to one . 
- common unit head. - _ To design the crest, H was taken as the maximum andthe 
curve was proportioned in terms of this head, as shown. | ‘The coefficient 
friction, C, in Equation (4) will be 3.97 at the designed head. einie cebtandl ot 
= _ The part of the lower nappe curve that is up stream from the apex fits very - 
closely toa compound curve with a radius of 0.5 H tangent at the apex, tick 
- tinuing from 0.18 H out, with a tangent radius of 0.2 H to the weir face, which — 
is 0.287 H out from the vertex (see Fig. 28). Down stream from the _ 


= 7 the lower nappe curve was found to have the e approximate formula, - 


— 


4 i is little divergence between the plotted curves, | The factor, H, must 3 
be introduced — in formulas, however, before they can be used for design at 
any head, as is done i ein Equation (13). It would not seem necessary to use 
Equation (12), whose curve would lie above the free nappe curve, for the 

design of the down-stream part of the dam crest if the crest is designed for fl 


the maximum expected head, asin Equation (13), 


gg ™“ Experiments Made in the Hydraulic Laboratory of the Alabama Power Company,” 
7 wt: A. Winter, Assoc. M. Am. Soc. C. E., Director, G. J. Hornsby, E. B. Coleman, an 


R. Randolph, Jr., Assistants. ber (Not published. val Yo 
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_ va “The coefficient of discharge of the sharp-crested weir used in the experi- 
ments was found to be 3.3 for all the heads tested. The distance from the apex 
r the lower nappe curve to forebay level was scaled from the nappe curves _ 
obtained from point-gage readings at four different depths over the weir. If 
this distance is taken as the head on the crest, a coefficient of discharge of 4.0 © 


resulted in each case. This substantiates the accuracy of the testing and 


0.786 


133 
46 


— 0.660 
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Fig, 28. or Free NAppe Over VERTICAL SHARP- Crestep WEIR. DIMENSIONS 
or EmpiricaL Crest S C anp Diagram, May 31,1928 


tlhe spillway crest is made to conform to the profile of the under-nappe of — = *] 
a the ‘overflowing sheet, a coefficient of discharge of 4.0 should obtain, and no” 
a pressures should exist along the crest. A model of such a crest was made a ¢ 4 
tested. Actually, a coefficient of 3. 97 was obtained indicating only a little 
drag on the structure. Piezometers along the er crest of the | model showed no 
‘Na - deflection when the exact head of water was overflowing for which the crest 
profile was designed. _ When the head was lowered to 66% of the designed — 
_ head a pressure resulted along the crest and when the head was raised to 138% 
of the designed head negative deflections were produced in the piezometer 


columns. Computations were made of the ‘resultant of pressures acting on 
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eres crest, assuming two-thirds uplift, and it was the stability of 
the crest was actually the overflow head was 133% of the 
‘It has been adv ocated that crests she designed for heads less than the maxi- 
which will be obtained over in order to increase the ‘The a 


coeficient of discharge was ‘obtain ed various depths of flow t 
- the model crest, up to a maximum of 150% of the designed head. The coef- es 


ficient increases and although there was no indication 


bate 


9.—CAL IBRATION OF NAPPES OVER SHARP-CRESTED WEIR WITH SLOPED ‘Face. 


"SIONS OF Pier S C Burinica, Crest S C Siopep Face, May 4, 1928 | 


a of the nappe tending to leap the down- ‘stream face of the crest, a vacuum im- 
mediately exists when the overflow exceeds the. designed head. The curve for 
of discharge was found to be closely approximated by 


in which, h = any depth over the crest; and H = the designed head of the 
crest. On the theory that icontéaetion is the same on the sides as on the 
4 bottom of an orifice, an empirical pier was laid out using the same curvature = 
for the pier nose as was obtained for the crest. Tests showed that the coef- 4 


ficient of ‘discharge decreased only a little when such a pier was: used, the 


w with the sharp-crested ws weir inclined at various degreca 7 with the v 
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TESTS ON SPILL) SPIL L WAY OF 


read was kept at e same d depth, as s nearly as as possible, for each of the 


of slopes other than those be 
cause an immediate, although not | | 
rapid decrease in the coefficient of 
discharge (see Fig. Thisis prob- — 
ably due to friction of the flowonthe 
Jong sloping face, as the slopes were 
down to the bottom of the 
approach channel which was a dis- 
tance 4 A below the crest. The 
charge of the -sharp-crested we weir 


Flat Crest Weir 


increased for inclinations as steepas 3 
62° with the vertical, probably 
* due to the lessened contraction of the 3 
jet. Both curves (Fig. 30) are as- “> 
sumed to drop off to a coefficient of 3]. 
3.087 for a flat-crested weir although 
assumption was not tested. 5 30} 
—Mr. Stevens ques- § |. 
‘aa tions Conclusion (2) that the jump 
can be “controlled best by placinga 
a eloped apron down stream * * *,” top 


jump could _be better ‘controlled” aes of Cin Cin Equation (4), 
on the sloping apron; and did not or 
effective. The writer had previously stated that “the steeper slope ot 
x the apron the less perfect is the jump formation” (see heading, ‘“Hydraulic-_ 
¥ Jump Apron: Expected Jump Performance”), but that good dissipation could 
> RAE be obtained on a ee if it were not made too steep, 1 on 4 being approximately = 
the ‘maximum. Control of the hydraulic j jump w as intended to mean that an 
‘effective j jump must be made to form well up on the concrete apron for any ~ . 
e* and all discharges and for various depths of tail-water. To this end it was ¥ 
thought that: a sloped ¢ apron was better adapted than a level apron. . Fora a 
level apron the tail-water must furnish a depth over the apron that exactly 4 
__ Corresponds to the required jump depth i in each and every case and over the a y 
entire range of flow. Such a coincidence i is very found. The tail-water 


“Bt 
head of unity, a composite curve is obtained as given in Fig. 29. Itisseen 
ie a that the sloped faces cut the nappe curve, as obtained for a vertical face, at “s _— 
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able error. ee tail- -water curve may y also be eile after the dam is built 
due to old coffer-dams being left in, or due to erosion of the stream bed an an 


lack of sediment deposition by the clear water overflowing the dam, so that in _ 
a case the criterion for the level apron is in itself to 


7 talk water depth w “ill ¢ cross s the meee jump-depth curve at an angle. a. 
_ means that if the level apron is placed at a depth below the tail-water to Be 
satisfy the condition for maximum discharge, the jump be drowned out 
-™ at the lower flows; or, conversely, there will not be enough tail-water over the a ; 
apron to cause the jump formation, and the high velocity sheet may 
sweep of apron, theoretically, _ 
will usually meet one of flow. atte of 


PP sloped apron may be placed, in proper reference to the tail- ‘water, which 


 elevs ation. To compute the maximum n required jump-depth, D., for this condi- 
tion, a datum is first assumed for the e apron level. Mn Referring to Fig. 31, the — 
1» entering the j jump are re computed ¢ at the datum 


(1); it ‘must to ‘the depth first for the distance 
of the datum below the given tail-water elevation. The factors are made to es 


balance e by t trial wate error. of flows lower the maximum 


the toe of the keeping | the stream end at the computed maximum 
will allow shallower depths over the sloped apron, which 
will satisfy the required jump-depths for the lower flows. ‘Tests at a a * 
icate that the ‘apron may be raised as much as 0.2 Dz (measles) 


without "affecting the jump ) performance maximum 


(won Fig. 9; yu an ‘The slope of the apron w ould be 0.0667 if the length is is 


— 


taken as 3 Dz, a value (see Fig. 31). If the ay apron is 


of the jump maximum discharge will move down the apron 


distance must be added down stream to afford equal protection Ths a city 
past Condition (2) ~The Temedy for Condition (2) is to slope the apron. 


y be sloped down into the po 
water until required is encountered . The slope may be mad 
as — as 1 on 4 (maximum). The upper end of the apron must be raised a 
p from drowning the jump at maximum discharge (see ] Fig. 31). ; 
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along its length, such uit 


fy “Condition (3).—A third condition may be found to exist in the relation 
of the jump-depths and the tail-water. The foundation rock may lie so deep %, 

i" ‘under the tail-water that the j jump on an apron a at this elevation w | will be drowned 


pa 


stream 


Maximum trate Jump; Depths 


mere 


Apron 


pLower Taulwater € 
_S= 0. 0667, 


adi 
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| 
af and the length of the apron should be at least 3D, (maximum). The apron 


is joined the d down -etream of the dam by a radius tangent a ata distance, 


0.7 Def see Fig. 9; 0.2 above the datum line Fig. 31). The be- 


ginning of the jump for maximum discharge will then be at the point of curv a 


fi of the bucket radius and the > jump will not be drowned out. 4 At less 


discharges the jump will form lower-down the slope, thus affording protection — 


ine This condition was encountered at Madden Dam. The : sloped apron | L as 
~ adopted mainly for economy of concrete. However, there were other inherent 
On a sloped apron the jump is stabilized, forming i in a straight 
ap across the channel. The slope allows for an adjustment of the j jump ~ 
variations, if the water does not conform: to 0 the 


ie “apron located at Elevation 83 (see Fig. 3), assuming, of course, that the tail- | 
Water curve is absolutely correct. He further states that proper manipula- 


of the crest gates as might also have been had witha 


= 


od 
ar out for all stages of discharge. Again, the remedy 1S to raise and slope the a : i 
of the dam the apron is raised 0.2 (maximum), and & 
eper than 1 on 4 
Tm 
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— 
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As to the present -ease,"the writer does: 
With all crest-gates fully opened at the maximum forebay level, an apron at % 
Elevation 83 was required for the jump. On a lower apron the j jump would 
have been drowned out and little dissipation of energy would have been att 
Ona plain level apron, the j jump is comparatively unstable, moving up 
down the apron with slight tail-water variations. Tt is ‘practically necessary : 
to place baffles or large sills on a level apron, in order to stabilize the j jump and 
x assure its formation on the apron. . Such baffles and sills do allow the use of a 
shorter apron but will not function properly unless there is a depth of tail- _ 
water over them equal, at least, to the required jump-depth. Their principal 
_ capacity is to break up flow concentrations and to diffuse the stream leaving os 
= the apron. The dentated sill or the diffuser sill is well adapted to this purpose, 
A sloping apron will stabilize the jump, causing it to form in a uniform ae 
a line across the channel, and if the slope is properly placed in respect to the <4 
 tail-water, a good “control” of the hydraulic jump is effected and velocity 
ot Due to the variations of conditions, both structural and operating, poitck 


countered for different projects, it becomes es practically impossible to formulate a 
set rules for spillway design . The pure hydraulic-jump apron functions ben n 
Ber i when | the flow can be discharged uniformly along the apron, as at Madden — . 


Dam. Bonneville Dam, due to of the crest, gate 


“usually” more than n compensated for by ‘the economies 


_ hi design is assured and many problems can be solved satisfactorily that are re 
ae Mr. Stevens condemns the sloping apron, from comparison of the ero ecetiial: 

tests made in the model studies of Bonneville Dam as illustrated in Fig. 25. ml 


a He offers no proof that the velocity retardation i is mor more | effective on the level a 
apron. Te Even if the velocity at the end of each ap apron was the same, and if this 
Be is directed downward on the river bed, as is the case with the illustrated — 
sloping apron, it is natural that more erosion would occur. The apron would — : 
need to be extended down stream to cover a greater part of the jump § action ie 

> 2 so that the velocities off the end are insufficient to cause damage to the river ; 


7 bed. The apron could have been shortened by placing a deflector sill at the end. 
Tew would seem, however, that the sloping apron, as illustrated i in Fig. 25, 
is improperly located to obtain the most effective jump formation. % Ap 

_ parently, the beginning of the j jump is forced too far back against the face a 
dam, which indicates s that lowering the apron w would be beneficial. Such 
at sloped apron at Bonneville may have effected quite an ‘economy in apron 
conerete. Stev ens does not state the of tests on the sloped apron 


- ple Mr. Stevens notes from Fig. 16 that the veld at the toe of the dam is only : 
69% of the theoretical velocity whereas on the model “it was about 91% for = 
same discharge” ; and questions whether this variation is due to the differ- 


a ence ‘in roughness of metal and ‘concrete. ‘His: values of 69% and 91% ap- * 
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equivalent discharge is considerably greater. The 
e the theoretical | velocity head manifested at the toe increases with the discharge ja 
te that for a depth of 11.25 ft over - the prototype rpe the ratio, 83%, i increases and, a 
a the discharges were the same, there would actually be less difference between ee 


prototype ratio and the n model ratio of 95 per 


| 


that the air will affect the velocity of he sheet; but at greater 
the overflowing sheet may reach the toe of the dam in a solid mass with little _ 
+ no entrained air present. — Fig. 21 shows the condition of the overflow sheet ——e 
tr prior to the jump. The depth over the crest is only 8.0 ft, and yet there i is” 
: indication of only a slight aeration in the sheet between the piers. For oe 
depths the only retarding factor for practical co: consideration would be friction. 
= Application of the ex existing friction-loss formulas to flow down s steep aa 
o: seems to be impractical; but to state that the velocity of the overflowing g sheet — 
Sea an upper limit of about t 80 ft per sec seems equally impractical. ay oa 
- The friction loss will depend | on the « depth of overflow as well as as the engi 4 
A chute a and the velocity of the water. a matter of 


, ims as simple an expression as possible, as is pe in Equation (3). It was _ 
oe thought in mind, aside from the idea of checking prototype against model _ 
results, that the writer conceived of, and designed, | the Pitot tube pedestals — om 
ide placed on the apron at Madden Dam.” It is to be hoped that readings on the at i 
_ tubes may be obtained for greater depths over the crest than were available bs 
i. these tests. The writer has urged the placing of these tubes on the a an 
aprons of other dams designed by the U. S. Bureau of Reclamation, and it is _ ae 
also to be hoped that other inv estigators may take similar steps to obtain 
Importance of Hydraulic Jump.—lIt is gratifying to note that Mr. Edwards 
- gives ¢ due credit i in stating that “the tests * * *, conducted as they were in 
1931, have furnished a pattern for numerous later experiments on similar — 
structures.” The original report? was widely circulated among Government 
and libraries. Tt may be said that the Madden studies created 
a “hydraulic-j -jump consciousness” in relation to its use for stilling-basins + “g 
i ‘the toe of overflow dams. Certain phases of the laboratory technique have — a 
been Widely used, making speedy construction and testing of 


The program for prototype testing pioneered in its” comprehensiveness, 

and it is indeed regrettable that it ‘reached a state of indifferent stagnation So 


before all possible data were obtained. = 
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ON TESTS ON OF MADDEN me 
stilling-basin design for Conchas’ ‘Dam again demonstrates the valu 
of the use of the hydraulic jump. It becomes a practical necessity, however, — 
to use comparatively heavy sills on a level apron i in order to stabilize the . 
A sloped apron allows much greater latitude in design assumptions and 
will stabilize the jump without the use of large blocks or sills, which are sue 
— ceptible to damage. As part of his design for the stilling- basin ; at Bonneville ig . 
- Dam, Mr. Stevens includes a caisson to be used for “examination and repair” 
; Professor O’Brien substantiates the writer’s contention that, the jump — 
Pi can be “controlled best by placing a sloped apron down stream.” ” One of his — 
closing statements may well be used to summarize this discussion: aid Only S 
the event that | ‘the [true] back-water curve from the next ‘control down a 3 i 
stream produces submergence at each discharge exactly equal to the ‘jump- “ 
-- depth’ can a horizontal apron be as effective as a ‘sloping apron which produces — ‘ 
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and contraction, and the means of wensferving load. joints, is of 
"particular interest to those engaged in highway construction. Common 
dowel bars, passing through. the joint and embedded in the two = 

slabs, have long been used for this purpose. _ The importance of installing 

bars” correctly, that is, perpendicular to the cross-section of the pave- 
ment, will be recognized since dowels, incorrectly installed, will not slip 
io in the concrete. _ This paper describes an investigation to determine 

accuracy with which road- installing dowel 


experiment, the degree of precision necessary to assure ‘satisfactory 


In with the of the State Highway Commission 
of Indiana, 1-in. expansion joints are installed in concrete pavement at 


80: ft intervals, with a transverse contraction joint in the center of each 80- ft 
section. As a means of “transferring load across joints, dowel bars of 


i intermediate grade steel (0. 75 in. in diameter by 24 in. long) at 12-in. © 

eenters, are placed in the pavement across all contraction joints and across” 
some s of joints. To prevent bond, the bars are coated with a 


Note.—Published in June, 1937 oat 
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ACROSS P. AV EMENT ‘JOINTS 


twenty dowel bars wired to two spacer bars, as ‘installed across expansion : 4 
contraction joints in 20-ft pavement. 
The importance of placing is, perpendicular to 
e cross-section of the “pavement, will b e readily appreciated when it is ee 
—"? that if they are imperfect _ in this respect, binding between them them a 
and the concrete will occur when > the joint opens or closes. As | a conse. 
quence, either the bars “will become distorted or will 


Spacer Bars, Bars, 1"¢ 3 
to Dowel Bars 


One En in Bar “ 


; 


Bars, 3" x 12" o on 
9 Spaces @ 
10’ 0" 


Fie, 1.—TypicaL DOWEL-BaRk ASSEMBLY IN 20-Foor 
A faulty” installation of dowel bars across contenetion consti- 
 * tutes a serious hazard. When contraction of the pavement opens the joint 


_ cracking or spalling of the concrete may occur. If the concrete is strong a 
enough to resist such damage, however, the joint, instead of being a plane a 
of weakness, may offer "more resistance to movement than the tensile 

aa 


strength « of the cross- “section of In this case 


. In like manner, a of dowel across an expan- 
joint will cause damage ‘the concrete, the bars, or to both, when 
if expansion of the ‘pavement reverses the process and closes the joint. Eg 

this ease, also, if the concrete and dowel bars offer sufficient resistance to 
such damage, the joint will not fulfill its function and there will be no < 
provision for expansion. Therefore, avoid damage to the pavement in 
the vicinity of expansion and contraction joints the dowel bars n must 
_ placed in their proper positions and held in those positions by some ri | 


that will prevent their movement during the placing and finishing of the 


During the summer of 1935, the Bureau of Materials and Tests of the 


(Special: Tnvestigation A- 7) to the accuracy with which dowd 
_ bars were being installed by various contractors. When a dowel bar is 
in perfect position, that is, perpendicular to the cross- -section of the pave — a 


"ment, the | projected of its axis on the cro eross- section is zero. The 
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q that is, the difference in elevation 
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DOWEL BARS ACROSS ‘PAVEMENT 
between the two ends of the bar with respect to the surface of the pave- 
ig ment. The base of the triangle is the horizontal error of the bar, that is, a 
4 the ditference between the distances from the edge of the pavemeat to the 
a two ends of the bar. Thus, _ dowel- -bar error which, in this paper, is —. 
as the projected length | on the cross- -section of the pavement per 22 in. 
4 of dowel-bar length, is equal to the square root of the sums of the squares a 
of the horizontal and vertical errors. Although the bars are 24 in. 
the field tests were e conducted more easily by choosing points 1 in. inward 
from each end of the bar to represent the ends of the bar. In —— 
tests, data were obtained, by means of the apparatus described herein 
4 under “Methods of Test”, from which it was possible to compute the ~— 
a of each dowel bar in each installation checked. — Several en methods of 


‘ins 


ins stalling the bars were being utilized , namely: ee 


>. 1) Sheet metal chairs, of ‘the pin type, driven into the sub-grade, , with 
the upper end bent around the dowel bar or spacer bar (see Fig. 2). aes 


“Pre, 2.—SHEET METAL CHAIRS OF THE PIN TYPE DRIV TEN 1 IN TO THE Sus- Grave (Test No. | 6). { 


(2) Welded assemblies, consisting of heavy, wire, ‘U- “shaped chairs welded 
the spacer bars. The upper ends of are bent around 


dowel bars and the horizontal part of the U rests on the sub-grade (see 


‘Specially designed holders, which span the sub-grade 


ay a by the forms. The dowels are thereby held during the placing of 

the concrete and are left “floating” in the concrete after the renee he 

the holder. One type of holder shown: in Pig. 
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"photograph is “available of one that is supported entirely from the form 
(4) Combinations of Methods and (8). 


el laims of superiority for Method ( (3) have been advanced: : Fist, 
the holder is supported by the forms, which determine the position of ria 

 eross-section the pavement, thereby eliminating the objections to 
methods in which the Positions of the dowels are by the contour 
of the sub-grade, which is never perfect; and, second, the installation of 
dowel bars is accomplished more quickly and easily with a holder than 
with chairs. + The first claim, of course, is based on the assumption that the 
holder is made accurately, is sufficiently strong to resist ‘distortion in in hand- 
4 iting, and that it is Placed on the forms in the proper position. — SRD 


Installations of dowel bars across nine pega joints and across five 


expansion joints were checked for accuracy. These fourteen 


lines are. travel of the screed. 
For that reason horizontal and vertical readings were taken on both 
— each bar from a reference line the position of which was definitely fixed — 
with respect to the tops of the: forms. This reference line, described 
a briefly, consisted of a steel tape graduated to 0.01 ft, riveted to the lower aH 


flange of a 4in. aluminum I-beam, spanning the 


sub- grade and resting on 3 


————— tops of the forms, the points of support being three sharp pointed steel — i 
| order h ling devices held 
n order to the rigidity with wl ich installing devices 
4 the dowel bars ‘during the placing and finishing of the concrete the initial — 
errors of the bars (before concrete was placed), and also their final errors . 
(after the concrete had been placed and finished), were measured. 
- obtain: the. necessary data for the computation of the initial and final 
" error of each dowel bar in a given installation and the movements of both - 
ends of each bar, that occurred during construction operations, readings 
a were taken as soon as the installation was completed and pronounced satis- — 
factory by the inspector. The operations of placing and finishing concrete 
and the extent to which workmen stepped o on the bars, were ) chen ved Say 


= J in an effort to determine whether or not movement eould be attributed to 


: 


results of Special Investigation A-7 revealed that, in some of the 
installations checked, the bars were in extremely faulty ‘positions. Twelve fe 
the fourteen installations t tested in -20-ft pavement and two were 


of the pavement to expose both of each dowel | bar. ‘and 


a 


be 


— 

— 

— 

— 
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EL BARS ACROSS PAVEMENT JOINTS 
were determined. Of these 260 bars, one error of 1.5 
‘in. ae bar was found to be in perfect Position. ~The results of thi 
investigation, summary of which ‘ig, | 1, are expressed. 
the mezinem, ming. and average error (both initial and final) and oe 


‘Toaximum, minimum, and average movement of all bars in each installa i 


ends of a “In 60 some two o ends of a a bar v were re moved in such 

- directions that the final error was less than the initial, that is, the move. iH 
"ment improved the position of the bar. Ih In general, however, movement 
had the opposite effect. Movement should not be confused with the differ- 
ence “between the initial and final error since, of the directions of 
"movement | of the two. ends, a _ bar ar may wm move and yet have a final ale ge 
equal to its initial | error. Pat The « converse is not true, however. Ifa bar 

not move, its and final errors are, course, the ate ‘ 


Maxi-| Mini- | Aver- | Maxi- | Mini- | Aver- | Maxi- 
la mum | mum | age | mum | mum/ age | mum ‘ 
0.47 | 0.04 | 0.18 | 1.05 | 0.08 | 0.41 | 0 
0.51 | 0.06 | 0.31 | 0.45 | 0.06 | 0.31 | 1. Contention joints. 
c Bec ckcokene 0.68 | 0.10 | 0.25 | 0.97 | 0.21 | 0.55 | 1. Bars installed with ba ; 
> ee eens 0.75 | 0.35 | 0.49 | 0.85 | 0.28 | 0.54 | 0. a ‘ 
> "aap 0.75 | 0.11 | 0.37 | 0.85 | 0.03 | 0.45 | 1. 
y gia .| 0.63 | 0.13 | 0.32 | 0.83 | 0.13 | 0.45 | 0 
- ea ae 0.60 | 0.08 | 0.27 | 0.65 | 0.09 | 0.29 | 0. 
P EE eee 0.45 | 0.30 | 0.21 | 0.78 | 0.08 | 0.32 | 0. 
0.67 | 0.16 | 0.34 | 0.63 | 0.16 | 0.33 | 
0.50] 0 | 0.21 | 0.50 | 0.03 | 0.21 | 0. 
vr _ Average...| 0.56 | 0.07 | 0.26 | 0.64 | 0.09 | 0.29 | O. : 
. = POLE +: 0.50 | 0.12 | 0.29 | 0.54 | 0.07 | 0.30 | 0. 
Laan 0.66 | 0.17 | 0.35 | 1.50 | 0.10 | 0.51 | 1. Expansion join 
zi “TSS 1.44 | 0.76 | 1.16 | 1.40 | 0.79 | 1.12 | O. Boge installed with a 
fs Ce 0.80 | 0.06 | 0.41 | 1.15 | 0.27 | 0.75 | 1. holders unless a 
i he aoe. 0.35 | 0.06 | 0.18 | 0.29 | 0.02 | 0.15 | 0. otherwise noted. By 
Average. ..| 0.75 | 0.23 | 0.48 | 0.98 | 0.25 | 0.57 | O. ot 
0.65 | 0.14 | 0.36 | 0.82 | 0.16 | 0.45 | 0 
‘Seal 


__* Tests were numbered in chronological order. | _¢ U-shaped chairs resting on sub-grade and welded 
to spacer bars. { Chairs, of the pin type, were used (one to each dowel bar), in addition to the holder. 


It will be noted that the best installation tested (Test No, 14, Table 1) 
_ was an assembly of dowel bars, across an expansion joint, held im position © 


a 4 during the placing of concrete by means of a holder. . The a average initial 
error | was 0.18, the average final error, 0. 15, and the average - movement, 


The poorest installation tested (Test No. 1 Table 1) 
was across an expansion joint in which the bars were mounted on U- -shaped 
chairs welded to ‘the spacer bars. These chairs rested on the sub-grade. 
The : average error or was 1.16 in., initial, and 1.12 in., final. - Quite paradoxi- ve 
cally this was the best installation so far as ‘movement wee concerned 
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sin). The poorest so. as movement is concerned “was 
a across a contraction joint in which the bars were installed with a poorly 
designed holder (Test No. 9, Table 1). The average movement 0.89 


- jn, and the directions of movement were such that the initial error was 


a The results of the investigation ‘Gndicated the need of information con- 
cerning the effect on the pavement of given degrees of error in dowel- bar_ 
pn ge Since it is not feasible to require that every dowel bar in 
every installation be in perfect position, ‘some figure specifying the } permis- 
sible error was desired. To arrive at such a figure by calculation is an 
problem because of the complication | of stresses induced 
in the concrete and in the bars, due to binding: between the concrete and 

when the joint opens or closes. problem is made intri- 

, the errors. 

not ‘ah in bee also attempt a at 
solution of such a problem would immediately require a number er of 
sumptions, the validity of which would be e subject to question. 


| | 


Because of the apparent of an analytical solution Special 
Investigation A-8 -was conducted to determine the permissible error by 
experiment. The size and shape of test ‘specimens decided upon, were slabs, 
4 ft wide by 4 ft 8 in. long by 6. ‘in. thick, “east: on the ground, with a 
_ transverse contraction joint in the center (parallel to the 4-ft dimension) | 
through which four dowel bars were placed at 12-in. centers, The slabs 
were made in groups of five, | all five being poured from the : oan batch of 

-_ready- mixed concrete. In one slab the dowel bars were installed in perfect 

- position (with zero error) ; in the other four slabs, they were purposely set 

at errors of 0.25 in., 0.5 in., 1 in, and 1.5 in. ‘The second group of slabs, 
e made on a different day, were duplicates of the first group except that — 
hin air ‘cushion expansion joints provided instead of contraction 

joints. Groups 3 and 4 were duplicates respectively of Groups 1 and 2 
except for thickness, ‘which was to 5 in. th all, the test specimens 

nta ur dowel bars, 

including two. slab thicknesses each of five “errors, for both contraction 
I The design of the experimental slabs and the directions of dowel-bar 

errors will be more readily undertsood by referring to the photograph of 7 
a empty form (Fig. 5(a)). This form is for the fabrication of a 6-in. 
ab containing a contraction joint, the dowel bars having an error of 1. ; 
tn in. The two outside dowel bars have no error vertically; that is, they are , 

- level, but a plan view would show that each one has a projected length on 

~ the cross-section of the slab of 1.5 in, and that they converge toward the 
reader. view would show the interior bars in perfect: 


“ag 


=, 

4 

1 

_ 

| ‘ 

— 
— 

a | 

— 

iil 

— 
— 

— 

be 
ed 
wis’ i each one has a projected length of 1.5 in. Note the relative positions of a op : 4 . 
— two bars. The end toward the reader, of the bar on the left, is 1.5 in. — 
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OWEL BARS ACROSS ‘PAVEMENT 


, higher than the opposite The end toward of the 
the right, is 1.5 in. lower than the opposite end. As this contraction : ‘ant 
the two interior bars tend 1 to ‘rotate the slab (clockwise from 
-reader’s position), which tendency is “resisted the _ two outside bars 


_ which produce compression (horizontally) in the half of the slab toward — 
7a the reader and tension in the opposite half. Consequently, es 


joint produces stresses in the concrete and dowel bars which are not ; only 
of a distribution. This same arrangement. 


s was used in 1 all slabs cont aining ‘dowel bars in error, 


vas 


5.—ForM FoR THE FABRICATION OF A 6-INCH SLAB. of 
esr 


The -pre-molded material with which contraction joints are usually 
is simulated by a piece of wood, 0.75 in. thick, having a vertical dimension 


equal to one- third | the slab thickness. A weakened plane was s created by 


e wood 


ex 


" installing 2 a ‘piece of No. 24 gage galvanized iron, extending from th 
strip downward to sub- erate. The dowel bars pass through semi- 


circular openings, 3 in in diameter, in the sheet metal, Expansion joints 


were by installing a filler, 1 in. _thick, as shown in Fig. 
~ -5(b), which also shows the corner bracing used. on all forms to prevent ‘ 
v distortion during t) the placing | of the concrete. To ‘give e the cork s sufficient — 

1 & rigidity against bending» during the placing « of the concrete, it was backed 

4 up with a board which was removed after the form was filled. Before the 
i slabs were tested the cork was removed with a chisel. yi! In Fig. 5(b) the 
dowel bars” are in perfect’ ‘position with respect to the cross-section of 
7 the slab—that is, zero error. __ Anchor bars were installed in both ends of the ie 


slabs at the time of fabrication, as shown in Fig. 5, for attaching the test- 


bars, thirteen slabs were ‘made for the another type of load- trans- 


device. ‘the of this paper, however, the discussion of 


In addition to the twenty experimental slabs containing common dowel 7 
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is to with common dowel bars since thy 


) much more general use than any proprietary device. . The e entire 


“the fabrication ar and curing of ‘the slabs. wa 
duplicate field conditions. ‘The concrete was of the” “same content 

and consistency as that used in practice and the slabs were reinforeed q 
with standard wire mesh. The sub- grade was tamped a and sprinkled before 


placing the concrete. All slabs were cured under wet burlap: during 
first ten days, after which they were exposed to the weather. From each 
f concrete, beams and cylinders were made which were in 


Ww 


- the same manner as the corresponding slabs and tested at the same time the 


slabs were tested, thereby determining the flexural compressive 
the concrete in the at ‘the e time « of test. 


Pall 


opening and ‘closing joints” Figs. 6 was “operated 
4 ‘hydraulic jacks fitted with gages for determining the necessary loads. = 
test data. included records of slip, corresponding load, and noter, supple- 
nted by photographs, describing damage done to the slab cach 
increment» of slip. Within a few days after all contraction joints were 
opened and all expansion joints closed, the process was reversed and - 
_doints were and the expansion joints opened to ‘their 


year “all slabs were opened and closed nine more times ten 
‘movement, | and then pulled entirely apart in order that the 
and spalling on of the joints could be 


The the tests. “indicate that common dowel 


traction ’ joints in 5-in. pavement will cause a very slight spalling of the 
concrete around the bars if t the errors are as : great as 0.25 in. In 6-in, 


e 0. in, 
a the errors may be as great as 1 in. without causing ‘spalling. 4 


These damages occurred when _the joints were ova to a width of 0.75 in. 


0.5 in., little concern need be felt about the accuracy with which the 

dowel | bars are installed. When opened. to this width (0.5 in.) the only 

nowed any ‘spalling was the in. slab in which the bars were 

The wud bars are placed is more important 
in expansion joints: than in contraction joints. error of 0.25 in. caused 


can be assumed ‘safely that contraction joint will never open more 


slight spalling ‘and when the joint spaces were closed 0.75 ‘in, to a width 
of 0.25 in. (which may occur in practice), errors of 1 in. - enused the slabs 
to erack and spall. . Typical cracking ‘spalling are: shown in ‘Figs. 


7 
and 9, photographs of a 5-in. slab, containing an expansion joint, 28) 
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oth the compressive and exert strengths of the concrete, 


"requirement for opening pavement to traffic in “Indiana. The weakest con- 
crete tested had -day modulus of f rupture of 670 Tb per sq. in., and 
strength of 4010 lb per sq in. Consequently, no cracking nor 
spalling of the slabs can be attributed to inferior concrete, = ae 


apes. The loads required to open or close either the contraction | or the expan- ee 


sion joints were less than’ anticipated and in no ease were they great enough 
to stress the slab dangerously either in direct tension or compression, Al 
_ damage done to the slabs was plainly due to stresses caused when the ning ae 

were being opened closed, by the wedging and twisting effect of bar 


misalignment. The loads necessary — to open and close the joints were = 


= nor anchor ies aay: present. This statement is pee not only a 
» but by observation, since no transverse cracks occurred. Be 
_ cause the slabs were capable. of transmitting forces so far in excess of a. 
required to open and close the joints, even when the dowel bars were in 
the most faulty positions, the loads» observed in this investigation "seemed at 
2 be of no practical significance and are e not given in n this paper. Asa. 
matter of general interest, however, the load necessary to close an expan- Bi 
= joint 1 to a width| of 0.25 ‘lis: in no case exceeded 4000 lb per bar. 
To open a a contraction joint to a width of 0.5 in. n. required " load which, 
in no instance, exceeded 3000 Ib per bar, its a 
Based on the results reported herein, it is recommended 
-in. 1. dowel bars be placed with of accuracy ‘such that the error 
of no one bar in an entire ‘installation shall exceed 1 in. _ This degree of 
precision will provide le assurance that the relative positions of all the bars 
will form a less ‘severe geometric arrangement than that ‘formed by the 
bars that were placed at 1-in. errors in the experimental slabs, since only | 
the maximum error will reach 1 in. and many of the bars will have errors 
considerably less. ‘The ‘results | of ‘the field tests (Special Investigation 
show that a requirement for accuracy to this degree will impose no hard- * 
ship on the contractor. The vertical 1 position of seach | bar can be checked | 
quickly y with a carpenter’s level, as shown in Fig. 4, and adju: sted if 
‘necessary, until the bubble position is approximately the same as when 
‘oe level is set on the forms. _ The horizontal position can be made perfect ey 
by adjusting each bar so that the distances : from ym each end to one ¢ of the 
forms are equal. Since the total error (projected length on the ross 
section of the pavement) of a bar is equal to the square root of the sum = 
of the squares of its vertical and horizontal - errors, the vertical and h hori- 
zontal error could each be as great as 0.707 in. and still comply with | this 
.. specification. _ If some type of holder is used to install the bars, it should 
be adjusted at the » beginning of the job and, provided it is always set on 
the forms in correct position and does not oe damaged in handling, 


all installations should be correct. 
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“TELLER: ON DOWEL ‘BARS: ACROSS PAVEMENT JOINTS 


from of dowel in place, are useful in 
ing, rather conclusively, what is more or less common belief—that, fre- 
quently, good dowel- -bar alignment is ‘not obtained in actual 
te effect of such misalignment upon dowel efficiency is a matter that — 
should receive very careful consideration before an attempt is made to draw 
broad conclusions or to recommend general tolerances for field construction. © 
Ws Unfortunately, the authors did not — all data from the experi- 
ments that were used to determine the permissible errors that are be 
mended, and, therefore, no detailed discussion of their test data is possible. 


Some general discussion of the subject of dowel efficiency is ‘pertinent, 


dowel- bar installation really has two > functions in a comerete pave- 


ment: First, it prevents any gross faulting of the two slab ends and 
vanes the general continuity of | the pavement surface at the transverse 


= and, second, through its shear resistance, it assists the slab end in ia 

fa carrying wheel loads by transferring a part of the load across the joint 
the adjacent slab. The installation requirements | fo or the ‘dowels, in 

der that they may perform these two functions, are of two entirely dif- 
- ferent orders of precision because the order of the vertions slab movements 


which each is s concerned is essentially different. is A dowel installation 


will perform the first function satisfactorily may not 
second at all. It is important ‘to realize why this is 
| 


When a normal heavy wheel load approaches” the end of a concrete 


"pavement slab, the slab deflects, but for slabs of the usual design | the 
- deflection is quite small. Testst have shown that these deflections may be 

i a to be of the order | of 0.020 in. to » 0.030 in. for a free slab end. 

inn deflection may be reduced, through the | structural action of the joint, 
_ possibly 0.010 or 0.015 in. Thus, it is apparent that. whatever the single 


oy is to accomplish must be done during a relative displacement of the 


io slab ends of only a few thousandths of an inch. | The bearing of the 


dowel on the conerete must be ‘maintained within close limits if the unit 


is to develop shear resistance and thus transfer load. 


In their “Synopsis,” the authors state quite correctly that it is i the 


— 


“portant to place the bars” accurately. If they : are not ‘perpendicular to the _ 
cross-section of the pavement, binding between them and concrete will 
_ occur when the joint opens or closes. As a consequence, “ either the bars cha 
will become distorted or - the concrete v will be , damaged in the “vicinity of 


ss * Senior ey of Tests, Bureau of Public Roads, U. 8. Dept. Agriculture, | Wash- 
‘A - of the 
int Designs,” Public Beate, 
7, September, 1936, p. 166.00 
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The bearing ‘stress imposed on the concrete 

eed is very high, and it is the concrete that fails first. The type of failure 

known as “ funneling,”’ observed under certain conditions in the ‘concrete 

immediately around a dowel, is the direct result of of repeated applications — 7g 


of this high bearing ‘stress. ah lined of 


‘Since the of a dowel be lost entirely 


4 retained their effectiveness so far as their function of transferring lo load i io 


agin a wheel load rests on a slab end at a distance from a corner the 


critical stress in the concrete i is a tensile stress in the bottom of the ab 
directly under the wheel load. direction of this. critical 
is parallel to the edge of the ey _ The load-transfer feature of a joint g 


* installation is intended to relieve this stress and the degree to which it ae- i 


complishes this relief is a measure. of the "efficiency. of the joint ‘action’ 


only apparent way in which one can determine joint efficiency (or 
“change in joint efficiency) is by means of stress determinations» that will 
q show, directly, the degree to which the joint is fulfilling its function. ¢ of 
relieving the critical edge stress. The authors do not report tests of ia 
Kind and without them ‘the effect of dowel alignment ‘on dowel efficiency 


Sn The authors do not present the data on the forces required to ‘produce 
slab_ displacements for various degrees of ‘misalignment, b but state that in 
no case did they exceed 4000 Ib per bar. From this they reason that the 
loads. ee seemed to be of no practical significance.” +a As far as compressive 
om stress is ‘concerned this may be true, but ‘if alignment: can cause 
ere stresses of the order of 50, Ib per sq in. in the concrete, then the 
stress has practical ‘significance. In certain parts of the slab, loads 


~ 


temperature warping produce tensile. stresses at a common ‘point. If joint 


resistance adds to this, it subtracts directly from ‘the stress. resistance avail- 
to carry wheel loads. ‘Properly installed plain round dowel should 


develop 2 more than about 100 Ib of total resistance to longitudinal 


ae which is equivalent to about 1 lb per sq in. of concrete stress, i 
ane It is not the writer's purpose to criticize the authors nor the tests that ae 


alignment of dowels on the structural efficiency of the joints in which an 
% are installed designers should bend ‘every effort toward the development of 


Tess installation in the field by recommendations such as are made in this 


JUN. 


Am. C. E. (by letter) —An investigation 


of the alignment of pavement dowels supplies information for studying the a 


* Public Roads, Vol. 17, No. 7, September, 1936, p. 152. 
* Instructor, ve Inst. of Technology, Pittsburgh, Pa. = 


they” made, but rather ‘the generality of the conclusions which they draw. 


means for installing them as perfectly as possible and not encourage care- io 
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pow EL BARS ACROSS PAVEMENT ‘JOIN 


efficiency y of the dowel bars i in across joints. homo- 
geneous slab of ‘uniform thickness, supported on an elastic sub- grade, will 
hen much more highly stressed by a load applied at a free edge of the slab 
iia than by the same load | applied a at the interior « of the slab. re A ‘balanced ‘slab 
design, in which the maximum stresses at the edges are equal to the maxi- — 
a ‘mum stresses in the interior, is approached by thickening the edges or by 
providing dowel bars to transfer part of the load to the edge of adjacent . 
a ae If dowels are strong and stiff enough to cause equal deflections | of the swe 
slabs at the points of connection , they will transmit about one-half the total 


Toad applied at the edge of o1 one slab. condition, | however, 


edge: es 
the two slabs. at points of connection must bes in relation 
to the deflection of the free edge of one slab under a wheel load. _ The maxi- = 
mum deflection of a free. edge of a homogeneous | slab under a a concentrated — ; 
a at the edge may be determined by an equation,’ pre by H.M. 


in which, 2 = maximum slab deflection; P= wheel load; = sub- grade 
q “modulus; and, L = radius of relative atiffness.’ For a wheel load of 10 000 Ib 


"A at the edge of a 7-in. slab, with k = 200 lb in. 4, and 1 = 25.73 in., the maxi- 7 
tum deflection is 0.0327 in. This value will be used only to represent the 


general magnitude of the deflections. The relative deflections between 


two dowels would be much smaller. 


An investigation of a series of adjacent dowels with similar vertical mis- 


“alignments will, show what relative vertical displacements occur when a 
joint. opens or closes. _ Assuming a vertical error of 1 in. in installing 2 2-in. 


- dowels, and an expansion — movement of 0.75 in., a relative vertical dis- —_ 


‘ placement will occur equal ret 9 X 0.75 = 


= than: the deflection ca caused by the load, the dowels de not aid in reducing stresses f 
i= by load transfer. _ The nature of this distortion is shown in Fig. . 10. Ifa 
a load is placed on either side of the joint, the deflection of the slabs tends to 


return the left slab to its unstressed position, and most of the load is carried 
Tt is evident that dowels whieh are this much out of line are ‘objection- 
a able because they fail to transfer load. They also cause stresses in the slab 


bya wedging action, and they resist movement at the joint. adjacent 


B dowels ar are inclined in opposite directions, any movement of the joint —_ " 
Spacing of Dowels,” Highway Research Board, 8th Proceedings, 
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ME NSCH ON DOWEL ACROSS PAVEMENT ‘JOINTS 


cause over-stresses and elastic failures. Although thei may or 


4 not | cause complete failure after several cycles of reversal, they will | Produce o 


yh yielding and play in joints so that effective load transfer i is lost. Oe 


ie 
Any type of pavement joint which transfers load should be d designed 
— installed with great As slab deflections under loads are usually 


a less than J. in., any load- transfer device must be constructed so as to per- — 


‘mit very little | relative vertical movement between the connected edges 


J. Am. Soc. letter). —The a art of making 


‘bate in ‘eonerete ‘construction in general and in pavements in particular — 
is still in the stage of discovery and invention, and is a lucrative field for 
if the patent lawyer and the ney "Although many millions of dollars 


are expended annually on joints, the development of the art has covered “— 


a long period of time, and “the trade” has been thoes to the eee faults, 


checks to which knowledge wi 


behind the best accepted rules of structural engineering and con-— 


a by of pro The ‘designer. of joints 
must have an unusually thorough training, and long and wide experience, — ’ 
if he is to comprehend d and provide successfully for all the variation - 


stress in dowels and cconerete due to many influences, ‘such as warping of 


most pavement would be one without joints; this, 


; ever, does not seem | possible of attainment as the aforementioned influences — 
_ cause considerable irregular cracking in every direction. The Bates Road = 
tests in Illinois, and the Pittsburg, Calif., tests of fifteen years ago, ‘have | 


tau American» engineers that longitudinal joints greatly “prevent. irreg- 
-wlar_longitudinal cracks.” Nothing so clear was learned by these | tests, 


“te *Civ. Engr, and Constructor, Chicago, Il itt ole 

Highway ” by Clifford Older, M. Am. Soc. C. B., Trans 
actions, Am. Soc. C. E., 88 (1925), p. 1180; and _— of Highway Research a # 
Pittsburg, Calif., 1921-— 22 Dept. of Public Works, California. — a 
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and transv joints rather far apart. After five years these pavements 
showed many irregular transverse cracks, and after ten years, blow- -ups 
=, occurred as often as one every three miles, once each year. Early in 1934, 
U. Bureau of Public Roads required, on all Federal Aid roads, the 
use of expansion joints not more than 100 ft apart to guard against blow- 
ups, and the use of contraction joints for crack control. The Bureau also 
required effective means of load transfer at both ae and contraction 
joints, the minimum allowable being the use of 3-in. dowels, 24 in. long, me 
«2 to 15 in. on centers. Even at that time doubt was expressed as to 
whether 3 {-in. . dowels were sufficiently strong for the purpose. 
The Highway Department | of Indiana like those of many other States 


which did ‘not t specify transverse joints in its suddenly 


saw the recklessness and disregard of engineering which ‘ 
; dowels were installed in the slabs. _ They made the tests described in this 
et paper and did ‘a very meritorious job. They not o1 only ‘proved: (1) That 
fi - dowels were not installed parallel ‘to the longitudinal axis of the road 


nd unusual care was exercised and when special installation devices — es 
Were used; (2) that the dowels were not parallel when they were welded 
a to two §-in. cross-bars, showing | errors as great as 1 in. on account of the 
‘bending of the cross-bars in shipping and handling; but (3) they also proved ~ 
(what is even to-day scarcely realized by many highway engineers) that 
the concrete operations and the action of the mechanical strike-off machine 
(mis-named finishing machine) cause a ‘still, greater error in the location 
of the dowels. _ Any engineer who watches the modern method of placing» 
oncrete in pavements must surprised that contractors a are permitted 
se dump an entire yard of concrete crudely by the nearly uncontrollable — 
ity opening of the traveling bucket of the mixer, often producing a wave-like 
a motion of the heavy m mass which throws joints and anchoring devices many 
oe inches out of line. Furthermore, the top of the dumped concrete is often 
a : many in inches above the top of the pavement and offers a great resistance — 


the advancing strike-off machine, which again Geom the joint out of - 
line, rarely le than 0. in. often as | much as 1 1.5 in, on on top. From his 


"errors by and by ‘the strike-off machine are “much 
: Some highly speculative studies on the load transfer of dowels have 
been published, These ‘studies were not based on any tests and evidently» 
did not agree with the findings: of the authors; therefore, they assumed 
that the subject is impossible of analytical solution. Although the task 
is certainly difficult and unusual, the writer has s ‘shown that a rational 
-deseription of the action of dowels is possible without the use of too much © 


higher calculus and will now offer an improved and 
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MENSCH ON ‘DOWEL BARS ACROSS PAVEMENT JOINTS 


thie through Points A and represint_ the 
anal slab faces of an expansion joint with an opening of 1 in. and ae 01 


verticals through Points A’ and B’, the faces of the slabs after the 
joint | has been compressed; let Line A B be the direction of the mis-aligned 


dow, bi ty 
1" Joint Opening 


ball 


> fue 

pl 

10 
Area of Cubic Parabola=0.75 Wn Le mit SAT 14108 sks 
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“4 dowel, and the distance, B F, be the error of de in, corresponding to an 
error ‘of 1 in. in 24 in. By closing the joint space, “Point A moves to 


A’ and Point B to B’ and the dowels would be bent into a broken line, 


EA’ B’'D, ‘if the Tesistance of concrete proved to be greater than that 
of the steel of the dowel. Since concrete is the weaker material, the dovel i 


will deform according to a smooth curve, somewhat as shown by A” C ti 
having a point of inflection at Point C. This bending can be imagined e 3 
caused by a shear, P, acting at Point: Cc which will com- 
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MENSCH ON DOWEL BARS ACROSS “PAVEMENT “JOINTS 

Swat e dowel is very much like that of nails in timber construction. 
of 


Qn any reinforced concrete job one can easily observe the shape into which 
the nails are deformed after they are highly strained, when the lumber is 7 

‘The greatest curvature the nail or dowel is found only a 

bane from Point B’, and between the latter point and the eli of 
greatest curvature permanent deformation of the timber is 
Point D is about twice as far from Point B’ as the point of greatest | curva- 
ture of the nail or dowel; beyond Point D and up to Point G the nail is | 
‘straight and does not produce & permanent: of the 

The stresses in dowels’ and in the surrounding concrete in the part, 
ee are always high in the tests offered by the authors, being mostly 
beyond the yield point, ¢ and the distribution of the the stresses exerted ed by the 
dora on the concrete in the part, B’ D, can be ai assumed to be ac ‘according — 

toa cubic parabola, as shown in Fig. 11(c). The writer has previously 
shown that the part, DG, behaves nearly like a cantilever, projecting 
- beyond Point D at the angle, a, and bent down by an ideal uniform load ‘a 
® so that the end of the cantilever reaches the level of Point G. By com- — 
watt 


aes Wm is ‘the maximum pressure at Point he ‘dowel can now be 


consider ed a s a simple beam affected at Point C by the unknown shear, Ps 
loaded in the part, B’ D, by the upward © concrete stresses which are de- _ 
from a maximum at Point ‘according toa — 


st in G; and. the following equations can be written: 
sum of ve rtical forces 


t+ Le X 04 = (0.5 La + 
From Equation (2) and Equation 3), 


(5) 


ion quadratic equation 


4 +L) + Vr F101, 
authors assuming = 0.25 in.; by assigning to various 


probable values, such as 1.5 in., in ‘in. leads 
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ant Equation (5) reduces to: fore 


ay is clear that the deflection « of the dowel under the assumed loading 
must be equal to B’ which, i in the present case, is one- fourth of in, 
gy in. An expression for this deflection, y, can be obtained as follows: 


angle, a, for the cantilever, D G, equals’: 


_Introducing into Equation (9) the values from Equations (2), (7), and 


and the detetion ot ‘the dowel at Point C from the 
ye = (Ly 0.153 (Ii + In) P(e)? 


The deflection of the dowel at Point C from the moments acting in rig 
D, is best found the moment-area method; thus, the moment 


at Point D is, 
(12) 
latter moment, Mg, is diminished the moment othe 
te st ti B’ D, 
My! = 0.75 wm Ls X 0.4 La = 0.537 P La. 
> 


sg The deflection of the dowel at Point C from the moment area, B’ D 


in Fig. —_ is the moment ares times the distance of its center of gravity. ? 


the total deflection is found by adding and E 


of (16) it ‘more convenient to 
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for 3 3.in. dowel). 
ae in. to 23 in.) and of y, the deflection produced ham the movement of the 7 
o: joint faces (y's in. in the present case), the corresponding values of the ideal . 
* shear, P, can be computed from Equation (17b) a nd the corresponding | 
maximum pressures, Wm, in pounds per linear inch, which the dowel exerts 
n the concrete, can be computed by Equation (8). From Fig. 11(d) it F 

“my be further noted ‘that the greatest moment pais on the dowel by _ 

- the concrete pressures is 0.41 P ZL. which values divided by the section © 
modulus of a 3-in. bar (0.0414) give the unit stresses” in 
The values thus computed are given in Table 2. bh 


TABLE 2.—Srresses 1x DowELs AND 


Be Phy ‘VALUES oF Lenors, L2, 1N 
1560 | 


Z 

1400 | 
1870 Ta: 


1280] 835 
inch 124.000 | 55800 | 41000 | 31000 202000 


dowel 1 (0. 0155 


a 


Inasmuch | as neither P nor Lz is given, on as it is extremely difficult — 
to measure either the concrete or the steel stresses, it is very difficult to 
determine which group of values refer to a particular test. ~The authors hors 


state that they. observed ‘erushing and splitting in the concrete in the case 
2 


of a 5-in. slab. | They probably also found pulverization of the concrete at 


"Point B’ in ‘the 6-in. slabs; hence one may conclude that the stresses in 
: 3 Table 2, the column for L2 = 13 in. shows concrete and steel stresses" 
of 3200 and 41000 lb per sq in., » Tespectively. ‘ These are by no means 
unlikely values as it is quite common to observe steps in joints due to the — 
‘movements of the slabs. Such steps indicate very high stresses in the — 
dowels and concrete. "When I, = it in., concrete stresses equal 1 879 lb per 
in., , and steel stresses, 31 000 Ib p per : in., , which are still very high values. 
z ‘The results of this analysis will scarcely he changed when one slab is fixed _ 
and the other slab moves the entire 0.5 in. 
a Assuming that more scientific and m more extensive tests may demon- — 
ae: peg that correction factors must be applied to all the foregoing equations, _ 
they are unlikely to change values more than 30 per cent. . This analysis: 
shows that slab movements of. 0.5 in. may cause V very high stresses in con- ws 
ete and anchoring devices, as usually installed, and there is very little 
strength left for the primary function of the dowels and anchoring devices — a 


«= @ 
—ihe transfer of loads. Searcy B. Slack, M. Soe. C. E. , made tests! 


News-R Record, 9, 1931. 
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= after they had “been in service for a few years. siti 
Imitating modern connectors for timber construction several joint manu- 


‘# 


facturers are using sleeves over j-in. dowels in order to diminish the high 
eonerete stresses: at Point BY. Table 2 enables to judge their merits. 


as L. = 1 in. and a sleeve diameter of 1.5 in., the concrete stresses would — 


ub 
ty. , and the steel stresses, (0.41 P X 0. 044 


71 000 Ib per sq in.; Ww hereas, for Ly = 1.5 in., the e stresses would be 2900. 
and 47 800 lb per sq in., on concrete and stedl; respectively. The —— 
being very short one is not entitled to assume values 


In the -writer’s own tests on ‘sliding of misaligned 3-in. dowel bars”, 

the to sliding was much greater than that by the authors 

on account of the greater stiffness of the high-carbon dowels used. sed. The 

4 authors ‘proved by their tests that the slip-shod methods used at present 

place and hold dowels and anchoring devices before and after concreting, 

4 must be abandoned. Positive means are needed to hold dowels, anchoring fF, 

devices, ‘and the entire joint assembly in correct alignment until the con- 

The closer the expansion joints are spaced, the less is 

- ‘and the less are the stresses caused by misaligned dowels and anchoring er 

q devices; it is very probable that in the near future « expansion joints 


depends on moment, shear force, and force in the 
dowel. Similar functions of the outer forces” are produced ix in the dowels 
also by vertical loads as well ‘as by the curling and warping of the slabs — b> 
due to changes of moisture and temperature. Therefore, the effects of 
opening or closing of the joint must be studied conjunction with 
‘all the other factors. If the: -eonerete fails at a ce 

amount of. opening or closing of the joint, it does not mean that it will — 


not fail at ay ‘much smaller opening or closing when the v vertical load and 


| 


tal 

- Conelusions drawn on the basis of joint opening and closing tests alone, iS, 2 


‘simulate the actual The rotation or the 4 
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the heading, “ Permissible Determined by Experiment,” 
will be e quite different under actual service conditions. ‘The ‘distribution 


1h 


and magnitude of pressure on the sub-grade from the joint-opening forces, 
a by the closing forces alone, will also be different in actual large pavement 
glabe. ‘Therefore, the action of the dowels will also be quite ‘different. 


te 
4 The authors state that. the » dowel | bars were coated with asphalt paint — 


ie oil. No information is given about the thickness of the coats applied 7 
and other ‘details. From theoretical _considerations~ it seems that errors” 


in the alignment of the dow els of the “magnitude used in the tests are 
permissible only because of ‘the clearances between dowels and the 


eonerete formed by the coating applied. Its seems that ‘no exact definition is 


~ given as to what is understood in Table 1 under “ Dowel-Bar Movements.” 


In the last paragraph of the paper the authors recommend that “ 


94-in. -in. dowel bars be placed with a degree of ac \racy “such that the 


“ error of no one bar in an entire installation shall exceed 1 in. ” This con- 
fliets with the statement a few paragraphs ‘Preceding it, that “ ‘errors of 
caused the slabs to crack and spall.” According to ‘the authors: it 


hg required a tension force of 3000 Ib per dowel to open a contraction joint 


to a width of 0.5 in., ‘which means a tensile stress of 50 Ib per sq in. 


in the concrete slab 5 in. thick. Consid ering the high tensile stresses: 


a in the concrete slab from vertical loads, an addition of 50 Ib per sq. in. is i oh 
appreciable inasmuch as this addition might b become larger in the actual 


c: pavement slabs farther away from the joint, because of the friction between 


GEORGE A. Esq. ( (by letter). interested in” the de- 
t 


sign and “concrete highways should appreciate the in- 


formation contained in the paper by Messrs. Smith and Benham and 

should be grateful to learn that relatively large” errors in the alignment Ee 
of dowels in joints concrete pavements ‘may not contribute mate-— 
mally to failures at contraction and “expansion joints. ~The design and 


3 construction of joints concrete highways have probably | been given 


‘much consideration | we any other single factor relating to work 

and, although the particular tests reported relate to a single phase of the 
subject, their findings certainly answer a moot question. | 
e) A review of this paper cannot fail to leave the impression om that the 
involved was ably conducted and results, although 
eral, were presented in a clear, concise, and accurate manner. The 
offers little, if any, ‘grounds for critical comment, but does prompt 
the asking of several questions which, should the studies be continued 


the investigation” extended, m may be worthy ‘some consideration. 


‘not in excess of 1 in, no particularly serious results need 
was based on ‘conditions obtaining after ten cycles of opening and 


or 
closing, or closing and opening, 0 of the joints. Tt would be of ‘interest 
to know whether there was any progressive destructive action | noted — 


bait Sieh National Park Service, U. S. Dept. of the Interior, Washington, D. C. 
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SMITH ON DOWEL BARS ACROSS PAVEMENT ‘JOINTS 
tests, either the error was small or when large errors 
existed. ‘There is also. the question of what would have happened 
the ‘number of cycles: such would compare with the number 


would occur during the life of the ‘pavement. 
From an analysis of conditions that exist when error in align 
is large, it appears that two types of failure may occur. 
vertical "misalignment the failure appears: be tension, , whereas 
shear failure, the result of a compressive stress, is indicated when a 
horizontal error exists. Since” the resistance to ‘failure is less in the 
of vertical errors, one wonders what the maximum permissible 
errors in the directions might “be, and if ‘there is actually ‘more 
q likelihood of a failure. in the case of a vertical error than for a hori- 
zontal error r of the s same magnitude. ‘From the fact that the tendency 
to spall was "decreased as the thickness of the slab was increased, it 


would appear that such might be the condition. 


is of f interest to note the effect of errors in alignment | is 
greater at expansion joints” than it is at contraction joints. Except for 
slight differences in the location of the dowels relative to the top and — 
the | bottom of slab and for the fact t that only one end of the dowel 
is free to ‘move in the case of expansion ‘joint, ‘the conditions are 
id much the same. However, a 3 000- lb pull per bar in ‘the case of a con- a 
; traction joint, opposed to a 4 000-Ib compression for expansion 
joint, would ‘be expected to accentuate | the tendency to spall in the cage 


of the contraction joint, as is evidenced the fact that some 
d 


in tension a and the is” ‘stressed because of the bond. In “the 
tests reported, an effort was made to reduce the bond. However, ‘the 
required is evidence of the that some direct tension i 
‘to the concrete when opening : a contraction joint, and there is 
little doubt but that some of the tension was resisted by the concrete im- 
mediately “adjacent the joint. One wonders also if confining 

dowel to one part of the slab might 1 not have been 
some degree ‘responsible for the greater tendency to spall. Although 
is difficult to understand how the condition could” produce ‘the effect 
observed, the increased load required to. close. expansion joint, as as 
‘compared with that nine contraction joint, is more “readily 


reference is made to load- date, obtained in pull- out 


On ‘the: basis of their observations, the “authors have recommended 
that in. dowels: “be placed that the maximum error will not 
1 in. Any ‘deviation from “perfect alignment undesirable, despite 
a the fact that: ‘small errors appear to cause no serious: results. Conse- 
quently, the writer’s opinion “that engineers should require and 
insist on the » making every reasonable effort to insure dowels 
being installed | as ‘possible parallel to the ‘longitudinal ele- 
‘ments of the pavement. "Particularly be the as 
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some movement oi the dowels during the placing of the concrete. 
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E. GRINTER,“ ‘M. Am. Soc. rom (by letter). —This paper 
reports the results of tests made to determine a second influence on the 
action of dowels that may be “quite as important as their action | in resisting j 
vertical shear caused by wheel loads. — Any attempt to design dowels to 
- resist, safely, the shear produced as a wheel load moves across th the joint 
evidently Ww ill fail in its major objective if ‘misalignment. can produce failure 

anyway. . Strangely « enough, the stresses Produced by wheel loads and the 
and this statement 
“holds true both for the stresses in the bar and for the stresses that the bar | 
produces in the concrete slab. The ‘result of excessive ihr 
case would be a spalling failure of the concrete as illustrated so clearly in . 
‘Fig. 9. It must be the purpose of good ‘design to D prevent such failure from an 
the action of the various possibl 
good construction to prevent such misalignment. 
Internal Deformations. —An understanding of the kinds of strains produced i = 
‘5 by misalignment might aid one in an interpretation of the author’s conclusions. — a 
It will be evident from Fig. 12 that the influence of a wheel load or of a heaving 


x 


.-—DISTORTION FROM SETTLEMENT 13.—-BaR ON AN Evastic 


sub-grade, as indicated in ‘Ag. 12(a), is identical with influence of 


acts as a short beam, sebnesined its two ends, which | undergoes differential 
settlement. if its” ond conditions : are ‘identical, this beam will deflect “4 
ee. symmetrical reversed curve and will show a point of contra- flexure midway 

between the slabs. _ However, since the end conditions are unlike, o one -end- 
— bonded and the other end being unbonded (and, therefore, slightly 

loose in the concrete), it is qualitatively justifiable to assume that the moment 
ae’ the sliding end is only 50% or less of the .e moment at the bonded end. ¥ 
oe The general load condition, then, of a misaligned dowel bar is similar 
in mo most  Tespects to | the problem of any bar or beam of indefinite length, ge 


supported on an elastic foundation, as shown | in Fig. 13. -This problem | 
has been analysed by Professor S. Timoshenko'* who found the deflection a 


Director of Civ. Eng., ond Dean of the Graduate Div., Armour Inst. ot 


Applied ta 8. Timoshenko and J. Leseels, Westinghouse 
Night School ‘Press, 3-153. 
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of the her to be: 


In Equations (18): iad’ (19), B, b are, respectively, the modulus of 
=" elasticity, the moment of inertia, and the. breadth or diameter of the bar; 

«Ki is the foundation modulus, in pounds per square inch per inch of settle 
ment. Hence, K is essentially an indeterminate factor in the case of a loaded 
dowel bar since it should combine the resistance of the slab with that of the - 
 gub- grade. For a dowel bar misaligned in the horizontal plane, K apparently 
becomes the same as the modulus of elasticity of the concrete. seg 
Tt is possible to avoid a discussion of the factor, K, in one study by i ins B 
-_-vestigating the general equation for the deflection of the bar, 

LP Bx + B Mo (cos 8 x — sin z)].... 


Bavation (200) i is s plotted i in Fig. 14i in = the ai angle, The: important 
er the ae 


his 


>< —2a- ‘3 


x 


a Values of the Angie 


rishi ab ao owt te hanjen 


Percentage of Maximum Deflection 


Fic 14.—DEFLECTION DIAGRAM FOR A BAR ON AN ELASTIC SUPPORTING MEDIUM 


lo \d exists over a length, a, which is one-third the length to the second point 
From a study of Fig. 14 it seems reasonably evident that any dowel bar 
m t act at some stage of its life in such a manner that only bearing pressure 
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about one- “third | its embedded i is available to resist the dowel 


shear, and that ov er this length the bearing pressure reduces in nearly a 

Boece line from a maximum value to zero. The dowel moment, ~My 

will act to increase the severity of the dowel pressure, but, in so far as the — 

1 general shape | of the deflection curve is concerned, the influence of My will 
Example of “Misalignment Study. —If the concrete e of the slab has an 

- pilimate compressive strength of 3000 Ib per sq in., and if the dowels 
are 3-in. round bars, 24 in. long, the ultimate shearing capacity per dowel q 


before the concrete begins to slightly, probably, is not than 
8000 (22 x 3) =3 000 lb. This ‘conclusion is based he 


the ‘deflection curve: of Fig. 14. The authors found that the 


error in a 6-in. _ pavement could be 1 in. without causing z spalling even when 
=. the joint was opened to a width of 0.75 in. An error of 1 in. in 22 in. amounts ~ 


to 0.03 in. in a length of 0.75 im — 


Tes itt 


o aa If the misalignment to be considered is in the horizontal plane of i o 
i pavement, the elastic compression of the concrete due to the bar pressure 
a can be computed from Equation (18) when the value of K is the modulus of . 


elasticity of the concrete. This modulus is assumed herein at the low value of 

<i 1500 000 to account in a crude manner for deformations at stresses near the 


ultimate. Hence, by Equation (19) 8 
N 4X 30 000 000 0.049 X 0.754 


= 0.88. In order to obtain an average ® condition (joint open 0.75 in.), Mo -_ 
may be taken at 0.375 X 3000; and, by Equation (18), 


vines 3 000 + 3 000 x 0.375 x 0. 8s Loulerst 


at 

(a) The bending of the bar as a fixed-end beam in the gap between slabs — 

(this contribution is small, amounting to only 0.0002 in. 

mitted by tl the elastic and old ~ hie 


deformation of the concrete; and, gg 
The movement, @ z, that is 
permitted by the slope taken by ti the 

bat bar across the open joint. ti blag 


twiee the value of 0.0062 com- 


. from Fig. 15 as the deflection divided by o one-sixth of the embedded length of of 
bar or 0.0062 + 2 = 0.0031 radian. Contribution (c), therefore, be 


0.0081 x 0.75 = 0.0023 iin in is width, 


of 
ed 
ae. 
5 
he 
— 
a) 
= 
nt ite 
ed 
— 
— 
q 
— 
7 
— 
¢ 
nt — 
 .. 


SMITH AND BENHAM ON DOWEL BARS ACROSS PAV 


Conclusion.—Since this deflection is only about half the movement 
that the authors consider permissible, it appears that the action of the test — 


slabs could be explained on one of the following bases: «== 5 


That | the bars did not fit t tightly into t the slabs and, therefore, 1 
ite to “give ” slightly (such | dowels are of questionable value in transferring 


load Across a joint, which is their major function since an unsupported interior __ 


edge is a line of great weakness) ; 


(2) There may have been ‘some undetected crushing or ev yen g 
piling which would prove a source of ultimate failure if slippage should | 


be repeated many times; and, 


@) Looseness or “give” at ‘one sla b would produce s a possible : maximum 
moment in the bar of 3000 X 0.75 = 2 270 in-lb. This moment would Pe: 
stress a f-in. round bar to 55 000 Ib per sq in. If the bars used are of ordinary 


‘steel, they may, therefore, be deformed permanently, 


‘The writer attention to the approximations. involved in the compu- 


_ tations presented herein. Much can be learned by such calculations, but — 
they should be taken | as significant qualitatively rather "than quantitatively. 
From them the writer draws the general conclusion that the authors’ speci- 
fications for permissible ‘misalignment may be overly generous if proper 
dowel | action is expected during the entire life of the pavement. Since a 
‘practical construction procedure could be devised to eliminate inaccuracy 
in excess of } in. in alignment, this value could be set as a practical standard ¥ ; 
* of workmanship. _ The importance of this requirement will be evident when a 


‘it is understood that the stresses accompanying dowel action induced by 
loads, by heaving of the grade, and by misalignment, may be additive. 
ARTHUR R. Sirs, Am. Soc. C. E., anp SANFORD W. Benzam, 
Assoc. M. Am. Soc. C. E. (by letter)—In the discussions of this” paper 
: _ attention has been called ba some very it important considerations in dowel-bar sf 


installations and their functioning as a load-transfer device across joints in ~ 
a was appropriately suggested that, in view of the results of the experi- 

. mental work to determine permissible error, the recommended s specification for a | 


| 


_ accuracy was too liberal, particularly since the joints in the experimental slabs ra 
were opened and closed with no vertical loads, simulating wheel loads, at or 3) a 
“near the; joint. If the slabs had been loaded during the tests, it is quite likely ia a 


that different results would have been obtained since the effect of wheel load : me 
and some directions of dowel-bar error are additive. outlining the program 
of tests it was the ne original intention to conduct the tests in this manner on a 
i different types of sub-grade and, in addition, to construct experimental slabs. 4 

* for tes st ata time whe when pronounced curling was as present at the joints. ~ How- “2 


ever, , time and ex: expense made such an elaborate p program impossible. Because 


%Cons. Engr. (Eng. Service), Chicago, Il. ; formerly Engr. Of and 
State Highway Comm. of Indiana, Indianapolis, 


Research ‘Engr., ‘State Highway ‘Comm., Bureau of Materials ar Tests, Indianapolis, 
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of the need for a specification covering accuracy - of installation, to correct — 
careless construction practice, the study was necessarily limited to a single 
phase of the subject; that is, to misalignment vey 


is being bent, due to such causes as traffic load transfer, curling of the pave- 


it A dowel bar stresses the concrete in which it is enbédded because its axis. a 


ts 


= 


rh 


ia at joints, unequal heaving « due to frost a action, or binding when the joint 


& or closes (due to misalignment). With the exception of misalignment — 


all the other causes which tend to bend’ the bar, thereby damaging the con- — 
‘erete, are entirely independent of the accuracy with which | the bar is installed; 
Ee that is, a misaligned bar across & joint that has not changed in width will 


paint (approximate thickness, 0.020 in.) to bond provides 
clearance which, although undesirable in load transfer, is of great advantage 
some movement a joint with misaligned bars before the 


Toad salah because the bar ina not act until the loaded slab has deflected 
a because it also increases the funneling action of the bar, clearance must — 
be had because, without it, it is not possible to install the » bars and hold them > 

i _ in position during the placing and finishing of the concrete with sufficient 
precision to permit movement without cracking. 


a The joints in the experimental slabs were opened and closed at the rate of 
O01 in. per min. In practice, movement is very slow.. The pavement has 
attained considerable age before l-in. expansion joints have closed 0.75 in. 
tt a width of 0.25 in.). During this period funneling has probably occurred 
jill the dowel bar providing clearance which, with that created by the 
paint and oil, is sufficient to permit closing of the joint without distorting the 


om enough to crack the concrete. This is a possible explanation for the 


apparently satisfactory condition of the installations shown in Table 1, in some 
2 of which the bars are in extremely faulty positions. These installations are 


fe now (1938) three years old and all baad joints are at present in apparently 


ew For these reasons it was believed Laake a specification for accuracy of in- 
-—stallation more rigid than that recommended would add very little to the 
as satisfactory functioning of the joints; ; certainly not enough to warrant eda 
tional | cost. Because of the already high cost of joints it is undesirable to __ 
specify additional refinements unless it t appears rather certain that improved — 
structural efficiency will be obtained. The “recommended specification 
accuracy, if it had been in effect during the construction season of 1935, would 
have required the contractor to replace the joints identified in Table 1 as | 
Tests Nos. 4 10, 11, and 13. Field tests” conducted during | the following 
season, when ‘the pellet was in effect, showed that the bars were being 
r. installed with a degree of precision considerably better than that obtained 
— during the previous year, indicating that the specification resulted in an im- 
EL provement in construction practice rather than an encouragement of careless- 


"= The question has been raised concerning the tension produced in the pave- a 


ment due to the resistance to movement of misaligned bars when the pavement 
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~ 
is As was stated in the paper the greatest ‘Tesistance to the 
opening of a joint was 3 000 lb per bar which creates 50 ‘Ib per sq in. tensile 
stress om 5-in. pavement in addition to the tensile stress caused by sub-grade — 
friction. _ The observed loads to open and close joints included, of "course, 
both -dowel- -bar and sub-grade resistance but the experimental were 
short in comparison with slab lengths in actual pavements that sub-grade 
d friction can be ignored. _ In this instance the dowel-bar error was maximum — 
5 in.). open the “corresponding slab in which the bars. were installed 
_ Perfectly ‘required 2 100 Ib per bar, or 35 Ib per sq in. tension in the slab. 
Thus, reducing the dowel-bar error from 1.5 in. to zero (perfect installation) W 
reduced the tensile stress in 1 | the pavement 15 Ib per sqin. It is believed that 
a “this | reduction i in tensile. stress is not great enough to add appreciably to the | 
‘structural efficiency of the joint; not enough to justify an increase 


4 


 Itis impossible to state definitely or not there was a progressive 
destructive action during the successive cycles of opening and closing the joints. + 
"After the ‘appearance of the first crack or cracks, additional cracks occurred 
=; ~ during the remaining ‘cycles ‘of movement in very few of the test slabs, due et 
Be gt to the partial relief of stress in the slab. This observation is subject Hi 
to a certain amount of modification since, in some instances, cracks were not — 
detected until ‘after the second or third cycle of movement. It is possible. 
that they were caused by the first movement but did not open wide enough 
to be seen until after additional cycles. The loads required to open and close qi 
joints decreased slightly and rather uniformly. with s successive ‘cycles of testing hh 
which leads to the belief that continuing the tests beyond ten cycles was not 


aie has been suggested that vertical errors are more serious than horizontal — 
errors since it would seem that the pavement would offer less resistance to .e 
failure of the type shown to the Tight in Fig. 9 than to the formation of ' 
— vertical crack throughout the depth of the pavement as would be ‘caused by = 
4 bar having horizontal misalignment. This seems to be a reasonable o opinion 
although | failures: were about , equally divided between the two directions of 


ae ‘Tt is hoped that the interest dist layed in this subject is an indication of _ 

«gi p p 


_ increased attention to the perfection 1 of load-transfer devices across joints in 
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highly: stable at some moisture content. is true of cohesion-_ 
beach sands, friable glacial silts, and highly plastic clays. 
posible combination of sand, silt, and clay may serve satisfactorily 
aggregate stabilized soil, provided the right binder is used to 
cement the particles together. Furthermore, the moisture which binds» 


ak 


‘The in stabilization and the possible 
means of its accomplishment are discussed without attempting to evaluate — 
- the practical aspects: or 1 the relative values of the various methods. Par- 
stressed is the application of the ‘collodial ‘phenomena of adsorp- 
tion and base exchange (21)* as they affect: (a) Particles of soil, sand, 
crushed rock, gravel, slag, ete., ¢ oated with films of air, water, soluble 
chemicals, and binders ‘not soluble it in water; (b) the relative adhesion: 
= between solids and films; and (c) the effect of the chemical composition of — 
ok and binders and the ions on _ the surfaces of the solid particles. 
“Construction methods, details of design, and methods: of test have 
Bh.’ been discussed generally in another paper (1a) and will not be included 


herein. Reports listed in| the Bibliography (which forms an Appendix 


hv 1Presented at the meeting of the Highway Division, Birmingham, Ala., October 17, 7 
1935, and published in June, 1937, Proceedings. 


Highway Engr., ‘Div. of Tests and Research, ‘Bureau of Public Roads, Wash- 


"3 Associate Highway Engr., U. S. Bureau of Public Roads, Washington, D. 
(Members in refer to in the Appendix. 
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to the furnish more detailed ‘{nformation the manner of apply- 

ing the various treatments and making required tests as follows: : Greded 
 goil ‘mixtures (2); calcium chloride (3); ‘sodium chloride asphalt _ 
- emulsion (5), (6); asphalt, sub-oiling method (7); asphalt, mixing method 
(6), (8); tar (9), (10); Portland cement (11), (12); sulfite liquor (13); 
(16) ; "application of heat (17); ; mechanical analysis” (18), (19); Toutine 
soil: tests” (18), (19) ; and Proctor tests (20). 


hs 


‘soil high attraction for air and, proper 


conditions, become —eoated d with air films; "others have high attraction 


for mesitens tn and become coated with moisture films. Dried soil clods retain 
moisture enough to bind the particles into hard and, in some instances, 


enormously strong masses. the other hand, air is often 


alee solids so strongly after a period o: of ‘drought that drops « of rain will 
roll along on dust without wetting it, 
‘The power that plastic clays possess of retaining their plasticity when — 
mixed with sand or other non- plastic ‘material, is caused by "adsorption of | 
solid by another. The clay is not distributed ‘uniformly through the 
pores” or interstices: of f the coarse particles, but most of it forms | a 
-— ing on the non-plastic material and many of the pores remain. unoccupied cs 
even if there ‘is more than sufficient clay to fill them. = © oe 
For water other binder to wet soil particles coated with air, 
must displace the air, which means” that the particles must. attract the 
liquid more strongly than they attract the air. In like manner 
to different ‘that , its power of adsorp 


_ clay, 2.0. The stationary film on copper was observed to be 0.000150 to ‘ 
0.000225 in. when water flowed rapidly and about three times as much 
when it flowed more slowly ov over the copper. air film 1 between two 
pieces of glass compressed at ‘7 grams per sq cm (0. 099 Ib per sq in.),: was a 
found to be 0.000120 in. thick. fo) Bara hive 
completely saturated | ‘soil, every particle is covered with a 


of film moisture attracted to it more strongly than by the force of gravity. i. 
Until enough water is added to the soil to satisfy the condition of -equilib- 
rium: between ‘attraction of “gravity and of the soil particle, for water, 
all the moisture arranged around the particles as films, 
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5 a Bancroft (21), (22) calls attention to thicknesses of adsorbed moisture v3 = 
a j 7 films which have been found on different materials as follows (in millionths a 
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is impossible to remove all ‘the fam ‘moisture from | soils | by enormous 
centrifugal forces exerted by powerful centrifuges, Therefore, it is con- 
cluded that much of the film moisture is held on the soil particles by 
“y, adhesion « equal to, or greater than, the enormous forces that fail to ) remove — b« 
ds it, As a result of this “great adhesion, film n moisture is more viscous or 
The chemical composition of the soil particles, the na nature of ions 
adsorbed on their surfaces, the moisture content, degree of ‘compaction, 
and temperature of tl the soil control the thicknesses of moisture ton we 


Chemical composition of soil is indicated by the ratio of to 


the combined and aluminum oxides. This ratio i is termed the 


ratio and is designated by the ‘symbol, - Os high 


in “podsols,” 3,” consist principally of the highly water-adsor- _ 
om: seale-like particles productive of high plasticity and shrinkage. Soils = 
high in iron and- alumina. termed “laterites,” consist more of the bulky 
or spherical particles which do not attract water so strongly. 
colloid which holds hydrogen adsorbed on its surface me 
hydrogen -ionized or H-colloid. One with calcium adsorbed on its surface 
termed a _calcium- -ionized or Ca- colloid. If a substance like hydrated 
‘lime, Ca(OH), is leached through soil containing H-colloids, the calcium 
replaces the hydrogen to form Ca-colloids, and the hydrogen thus released 


combines with the (OH), form water. Such exchange of ions i 


mt The potassium ion is representative of esi ions which undergo small 


hme change when alternately wetted and dried. It has a true diameter _ 


of 0.000000009 in. and in ‘suspension becomes associated with 16 ‘mole 


Be of water, thus attaining an apparent diameter of 0.000000021 in. mt © 
ion representative of those ions which undergo great volume 
change when — alternately wetted and dried. It has a true diameter of 

3 it 0,000000006 in. and becomes associated with more than 120 molecules of A} 


water thus attaining an apparent diameter of 0.000000040 in. Between 


a and lithium other of ‘the more “common metallic ions can be 


arranged — d in the order of their attraction for water (36). Therefore, a 


potassium: clay ‘would be expected to “undergo + the least, and a a lithium: clay 
greatest, volume change under ‘climatic variations. Change of ions 
on the ‘surfaces of the clay and colloidal particles effects a change in 
shrinkage, swell, and like properties on the stability of the soil 


The concentration of the hydrogen ions determines the relative. acidity 


a alkalinity. It is indicated by the PH-value which may be defined 
the: reciprocal of the logarithm of the grams of ‘ionized hydrogen per per 
of solution or suspension. lower the pH- value is below 7.0, 
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‘The relation between dry- weight density per cubic foot of samples co ole 
pressed at equal: pressures, to the | moisture contents in percentage of the 
total soil and moisture en, at which the samples were compressed, 

was found by C. A. Hogentogler, Jr. . (28) to ¢ consist of a series of straight f 

rad lines with different _ slopes, as shown by the full” lines in Fig. 1. The 

broken line in Fig. shows the relation the density’ would have to 

moisture content if the samples contained At any density, ‘the 

4 difference in moisture contents indicated by the two lines ‘sepréselita the pers 

centage of by volume, required to replace the contained air. alt 


Optimum = 3 ry 


te 


= 


—RELATION BETWEEN DENSITY AND Morsruae Conrenr. 


a The moisture ‘contents at which the straight. lines intersect, indicate 


wii limits of four distinct | stages of wetting which the compressed ‘samples — 

undergo: before their “pores” become completely filled with» water. Wetting 
‘up to a ‘content o of 20. 7% (Fig. 1) may be termed the state of 
hydration, during which part of the contained water is absorbed by 

soil particles, ‘and the ‘is is adsorbed on their ‘surfaces in “the 


al 
Moisture contents 20.7 to 1% the stage of 


lubrication. Part of | ‘the contained moisture now acts as a lubricant to 
a 


facilitate the of particles being compacted without, how- 


4 ever, excluding all the a air. _ Water i in excess of 31.1% causes the soil mass 


moisture “content: of 41.7% is ‘reached. 
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"STABILIZATION OF SOLS 
54.3% 
the air is displaced and the soil becomes 
Fe The moisture content. (311% in this case) at which ‘maximum density 
x is attained is the optimum suggested by R. R. Proctor, M. Am. Soe. C. E. 
for use in connection with the construction of earth embankments 
is ‘an infleencing factor because in ‘cold weather the 


dsorbed films are in general thicker than in warmer weather (1b). >. G5 


Errect oF Fum on Prop ERTIES OF 


or The i water, or pore water, is that which | fills the interstices remain- 
ing between the outer surfaces of the adsorbed ‘moisture films and not 
“the p pores between the surfaces of the soil particles as such. The flow of | 
water through soil likewise occurs between the films adsorbed on the 
"particles. As a result the speed at which water percolates through soil, — 
* well as the moisture contents indicative of some e specific | state of stability — 
of soil, varies wherever the thicknesses of the adsorbed films | change, in 
cases, when the viscosity of the free water changes, 
Winterkorn (23), (24), (25) has shown. ‘that, due to the change of the 
ind of adsorbed ions on the particles of one type of soil, the liquid limit = 
‘a --yaried between 39 and 57, the plasticity index between 16 and 40, and al 
peroentage of colloids between ll and 28. The moisture content increase, 
indicating the swell of | the samples in the Terzaghi compression device 
_ When the pressure was reduced from 3.2 ha per sq em to 0, varied between 
1 and 5 cent. 
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Optimum Moisture Content, in Percentage by Weight e 
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Stati Load, inLb perSqin. Density, in Lb per Cu ‘Stability, in Lb per Sq 


& 
optimum moisture content (mentioned previously) at ‘which > 
imum density is attained is not a constant for a particular soil, but 


varies as the | compacting pressure is ‘changed. The relations of. ‘optimum 


moisture content to compacting pressures, attained densities, 
7 ties; as indicated by the Proctor plasticity needle for one soil investigated a ca 
at George ‘Washington University, are shown in Fig. 2. 
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STABILIZATION OF SOILS 


considerable variation in the indicated | "properties furnished by 

data furnished by A. M. Wintermyer, Assistant Highway 
_ Engineer, United States Bureau of Public Roads, and shown in Table i 
disclose no effect of temperature on the liquid limit of Sample S-9616, 


pumice having no plasticity, bas 


TABLE | 1.—Errect or TEMPERATURE on Puasticiry ‘Tesr 


limits ‘and plastic limits” of both plastic 9617 
and §-9618, Table i) were higher when the tests were made | at the lower om: 
temperature. However, the correspon nding variations in the ‘plasticity 
indexes, which are most used field control in the construction of 
The results of tests performed by Messrs. Thoreen and F. A. 
_ Robeson, of the U. S. Bureau of Public Roads, and shown in Table e 
reveal the relative influence of both viscosity and adsorbed film thickness 


on coefficients of permeability. 


TABLE E 2—Errect or TEMPERATURE oN CoEFFICIENT or 


at which test 
| was made, in | At test tempera- 
_ degrees ture, in centi- 


0.0390 
La 


aurir 


The coefficient of permeability of the sand wa: was found to be 0.0481, 
~% em per sec at 85° F, as compared with 0.0222 em per a0 at 35° F. Apply- 
ing the usual correction | for difference in viscosity of water (38), these 
coefficients ‘become 0.0390 em ‘per sec and 0. 0375 cm_ per see, respectively, i 
_ The coefficient of permeability of the clay soil was found to be 
10° per sec when tested at 72° and 3.49 10° em per sec when 
tested at 50° F. These coefficients, when corrected for ‘viscosity of. water 
: a at 68° F, become 6 6.13 . 10° cm per sec and 4.54 x 10° * em per se. 
Permeability tests 1 made on of similar clay at various voids 
ratios indicate that the decrease permeability due to to 
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STABILIZATION OF SOILS 
thicknesses at the lower temperatures, shown in n Table. 2, is equivaler nt to 
.- produced by reducing the voids ratio from 0.97 to 0.89, which would - 
jndicate an increase in the the ‘solid particles of about 
‘The effect of temperature v variation on the _— of soil is s illustrated — 
by tests } on a clay soil compacted in the Proctor cylinder and penetrated — 
with: the plasticity needle (20). The data showed (1) that the stability 
was 1400 Ib per sq in. when compacted at 42° F; 960 lb per sq in. when 
the temperature of the sample was raised to 130° F; 1490 lb per sq in. 
when the temperature was then reduced to 33° F; and, finally, 1100 lb per 
4 in. when the was again raised 
Types" or S Som ou, 


In the: of now available on soil stabilization 

the methods to be used depend largely on the availability of required — 

materials. In some locations, such as the southeastern part of the United 

‘States, Nature provided ‘deposits of ‘sand clay and top- -soil having the 

=" and character required in the best of road soils. eae 7" 
In some locations, binder soils “aggregates are available for pro- 

ducing mixtures having properties of the best of the naturally ‘good 
other locations, materials are, available for the graduations 
required in roads, but the | binder ‘soil may be of inferior quality. q Finally, 

te are locations where there is deficiency of the aggregate required for . 

Studies of the best of “natural road soils indicate that, 


The aggregate should be and durable enough 
traffic abrasion, and crushing. Sound, tough particles or fragments 
of gravel, ‘stone, slag, or combinations of them, crushed | to the proper size, 
should prove suitable. Certain: types of shales and similar ‘materials: that 
break and weather rapidly when alternately frozen and thawed, or wetted 


7 iv (2) The soil fines should be of a character such as to provide graded mix- 


tures with the proper balance of capillarity and adhesion without risk 
=. detrimental volume change. It is particularly” essential that the fines . 
do not swell enough in the presence of moisture to cause the elay to 
(3) When local materials are available for the proper proportioning > 
“aggregate and binder ‘soil, but the natural. clay does not have the binder 
value required in highly stable road surfaces, a number of admixtures may 
be used singly or in some combination. _ There are, first, the chemical salts, ps 
chloride, sodium chloride, and chloride; and second, 
the waste products of industry, such as sulfite liquor from the -manufac- — 
3 ture: of wood pulp, “blackstrap” from the molasses industry, huge 
q accumulations of waste sizes of the mineral aggregate ‘industry. 
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ur (4) When only fine or poorly graded materials are available, the asphaltic, — by’ 
tar, and Portland cement binders m may be ‘utilized to provide stable base 
courses to be covered oan bituminous surfacings. In isolated cases heat 


treatment has been us used. 5 


boa In the ‘stabilization of fills the Proctor method or some modification is 
receiving considerable attention and for foundation ‘soils, injection of 
chemicals and electro- -chemical treatment furnish possibilities, 
‘Arrect ‘Sons IN A Number or Ways 
Among the ways that may | assist in "stabilizing Soils 


By absorbing moistures from ‘the air and -Teducing evaporation 
the road ‘surface, some chemicals may serve to keep the roads in 
condition. | This reduces the dust nuisance ‘and facilitates the com- 
Paction of the surfaces under traffic. 
 Q) By electro- -chemical action, chemicals and the waste products may a 


we to increase “the density and stability of road mixtures. baseline 


= 


By chemical action, the same materials may combine with each 

other, or with “certain ‘of the ‘natural ‘clay constituents, and thus form 

water insoluble cements of high binding value. 

The Portland cement dnd bituminous ‘materials serve the double 

q purpose of binders and for eliminating the destructive water-absorbent 


_ It is difficult to distinguish between the electro- aad and the purely 
chemical actions: of admixtures for increasing the stability of 
ever, singly or in some combination | they seem to explain not only the ot 
7 performances of soil roads in service, but also "suggest relatively simple 


Ras 


procedures for future construction. hoe 

primes and ‘fillers, certain soaps, and hydrated 
and certain types of stone dust seem admirably suited for increas- 
ing the adhesion. of bituminous binders for ‘certain soils, 
addition to their deliquescent and water retentive actions, te 


chloride salts, _by electrolytic action, may cause _the compacted mixture to 
attain densities greater than u untreated soils, they minimize the volume 
‘s change of the binder which is productive of disintegration of the untreated — 
=, Mixtures of acidic and neutral materials seem to attain greater stability. 
that of either one separately. it Limestone dust and certain slags seem 
-¥ admirably suited for use as_ pre- -treatments, or with other admixtures to 
novitralios acid soils. This may be especially desired in the case of siliceous 
clays. In some base courses now (1937) being contructed, an acid Bet 
In connection with the formation of natural ‘colloidal cements two 
ty] types of either rock powders or clays ‘be considered: Those which 


on soaking in water or watery | solutions soften to the extent that 7 
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become, to € igver so slight degres, glue-like, and those ‘materials which 
do not. To a small extent many of ‘the sandstone, trap, and 
powders ‘are thus ‘made glue- like by water alone and more so -water- 
Experiments have shown that the cementing value of mixtures of 
‘the two types of materials (those which soften and those which do not) i 
is considerably greater than the binding value of either material alone. — 
‘Mr. A. 8. ‘Cushman and Prévost Hubbard, Affiliate, Am. Soe. C. E. , found 
(18): (a) That by ‘combining a a granite with a ‘cementing value of 3 and a 
limestone with a cementing value of 27, they obtained a cementing value of 
3 110 for the mixture; (>) that a granite powder which had a cementing value = 
oof 10 when mixed with water alone, had a cementing value of 44 when 
mixed with lime water; and (c) that an amorphous chert which had a cement- 7 
ing value of 6 when mixed with water alone, had a cementing value of 22- 
when mixed with 4% of calcium oxide and water, and more than 2000 when 
mixed with 18% of calcium oxide. = | 
As a result it has been found possible to construct low type surfaces: 
4 only waste limestone | or slag screenings treated with the chloride salt 
hy solutions. With granite screenings the addition of a small quantity of 
hide ADMIXTURES or PorTLAND~ CEMENT . AND Marenias 


Efforts to stabilize fine- grained soils by: admixtures of lime and 


@ several years of this early work were 
‘ticularly promising, but ‘they should not be considered as the 
possibilities of such treatments, because’ the requirements of the thorough | 

= of the | admixture, the high degree of. compaction, and the 
protective surface treatment now deemed — necessary, were not recognized — 

recent] y (1), (12) research the use Portland cement 
for stabilizing soil bases has been performed i in South Carolina by the 

“State Highway Department. The purpose of this work has been to 

= a base material that could be ‘constructed | at less cost than ‘that 
required to provide one of properly graded sand clay or top-soil. PST 
The results| from: these experiments were 80 promising that a number 


of similar roads are being constructed in other States. _Experimental 
courses constructed | with available soil materials and the various 


> 


— tars (9), asphaltic emulsions (5), and cut- backs, ‘and oils (6, 8) show similar — 
Waste Sulfite prepared the crude liquor have 
been marked from time to time under various: trade names, for use as 
binding mediums in ‘road construction. As early as 1910 Mr. Hubbard (13) 
‘Published results obtained by the U. S. Bureau of Public Roads, showing na 


increase in obtained treating various | ro rock 
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“STABILIZATION OF SOILS 
powders with products "prepared from waste sulfite liquors, ta wine 
z binding base of the adhesives tested was soluble in water, and, as a ‘result, 
‘it was found “that frequent ri rains tended to destroy the bond and remove 
the lignin from the road surface. In order to offset this difficulty <7 
sre made, at that time, to waterproof or make insoluble the “residual 
base without destroying its binding value by admixtures of asphaltic road 
off = and deliquescent chemicals, such as calcium chloride. = = 
In 1936 waste sulfite liquor, , marketed 1 under a trade name, was used 
Ae the treatment of gravel surfaces in New Jersey and experimented with 
me by the State Highway Department of Washington for use primarily as 4 
a palliative, although the possibilities for its is use as a stabilizing agent, 
especially in well-graded mixtures, have not been overlooked. — OF 
=— Residues. —A thick, sirupy liquid by-product obtained in the 
manufacture of sugar from sugar cane is known as “blackstrap” ’ which, ~ 
when treated with quick lime . forms compounds of high binding value - 
as calcium suerates. Blackstrap, in combination with oil and lime, 
applied as an experiment: by the U. S. Bureau of Public Roads on 
a ‘road at Newton, Mass., during the summer of 1908 (13), and a molasses- 
lime mixture was applied as a surface treatment on a section of the 
Bradley Lane Experimental Road, Chevy Chase, Md., ‘December, 1911 
(29). _ Within a year, however, rains removed all traces of the treatment, 
- eausing the road to take on the appearance of an adjoining section which 
- In January, 1936 (14), attention was called to a practice in India in the 
olden ¢ days, when a kind of coarse sugar, made by evaporation from 
- the: ‘sap | of palm trees, was added to lime to produce, an improved quality 
- of mortar. With this as a background, a short length of road surface 
formed of lime kankar was treated and the ‘Tesults encouraging. 
(Kankar is a kind of limestone usually occurring ‘as nodules in top-soil, 
used for making lime and in building roads in India.) In order to pre 
vent the molasses from being washed away during rains, slaked lime was 
mixed with it, the claim being ‘that the addition of burnt lime to molasses 
produces tri- calcium sucrate, which is insoluble in water, 
| Humate.— -When lime is added | to a soil containing 
(24), the -ealcium replaces the acidic hydrogerr in humic acid, forming 
the mane stable 80- -called calcium humate or neutral humus. 
Hilgard (30) ‘points out tl that there are "several humates_ (of lime, mag- 
nesia, and iron) which assist in ‘producing and maintaining erumb— struc: 
7 ture. Thay fresh, these substances are colloidal (jelly- like), like clay = 
r, _ when once dried, = do not resume the 
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to even: parts of clay. 
ve 
Calcium ‘Silicate. —The ‘insoluble “calcium silicate binder is 
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STABILIZATION OF sos 
has be been connesion in connection with the 


*, stabilizing soils, described by Endell and Hoffmann (16), metal ‘electrodes bd 
introduced into the soil at appropriate distances, aluminum always 
being | used for the anode and copper for the cathode. Bie current is 
then allowed to pass between electrodes until the soil is hardened. Experi- 2 
ments were described in which a) clay specimen had been brought into its a, 
with an almost liquid consistency, the water content 
os 80 per cent. After treatment for some time with a current of 8 
to 14 amperes, at 300 to 500 volts, the clay had become so hard that = 
rod, 1 sq” ‘em in cross- cross-section, failed to penetrate it placed 
if under a load of 10 kg (22 Ib). Specimens cut from the side of il 
block nearest the aluminum electrode neither nor 
uring several mor months of immersion in water. 
Application of Heat.—The essential features this of trent: 
are illustrated by a method used in the so- called “ “black- soil” areas 
a in Australia, in localities where the haul for gra gravel or »r crushed rock is a 
is excessive (17). A slow-moving, down-draft furnace with a speed of about 
10 ft per hr was developed _ at Sydney, New South Wales, for baking the 
in place and converting it into a brick-like material. ‘The machine 
4 Fig. 3) is wood- fired, of the air- gas producer type, on a ~ 


Direction of Travel 
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over a area, soil is ‘te: the exhaust 


- Bases and then gradually increasing temperatures until the full intensity = 
¥ of the heat of from the generator is reached. Wo rk 
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“readily. The clay binder to ring material, the 
up and rolled again, and is then ready to be evened to 


OF GRADING AND oN 

ng and admixtures on stabilized compacted 


the = have been described in some detail elsewhere 


soit properties of red clay, Iredell, 
| Arlington, “Manor soils 
“being shown in tabular 

Grading. .—The effect of the 

“differen gradings on the densi- Ag 
ties. s obtained at equal compac: 


bic Foot 


=. 


tive efforts and faisly constant 
_ temperatures has been discussed 

the e earlier study (1f) (1g). 
red clay (Sample 1, 
“Fig. 4 4, and Table 3) contains 
68% of clay, 20% of silt, and 


12% of sand. the 


10 “11 weight was 113.0 Ib 

_—EFFECT OF GRADING ON DENSITIES 


‘ TABLE 3.—GRADING OF Compactep (See 4). 
9] 1 
34] 21]°17] 13 18] 18 
60 | 37] 30 13] 5] 5 
| 42) 53 


Density, in Pounds per Cu 


(PercenTAGES), FoR SampLe Nos.: 


Total 100 | 100 100 | 100 


* 24% retained ona No. 20sieve. t Nothing retained on a No. 20 sieve. Nothing retained 


No. 40 sieve. § 1% retained on a No. 60 sieve. 


at 9.6% optimum 1 moisture content for the e xcellent soil | mortar, Sample 1 No.6. 
sa Samples Nos. 2, 3, 4, and 5, Table. 3, were. obtained by adding si silt 


sand to the red clay represented by Sample No. 1. attempt was 
to. obtain proportions ‘representative of the different fractions 


Sample No. 6. Thus, Sample No, 5 represents approximately: the 


aes of the fraction of material of Sample No. 6 that passes the No. 40 sieve; 4 
Sample No. 4 4 represents the fraction that. ‘passes the No.. 60 sieve; ‘Sample 
No. 3 represents the fraction that passes the No. 100 sieve; and No 


2 represents the fraction that ‘Passes No. sieve. 
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‘Fig. 4, with Table 3, shows that the total sand is decreased from 
y dat of Sample No. 6 to that of Sample No. 2, the weight of the com- 
pected mixtures decreases and the optimum moisture contents increase. 
In Sample No. 7 an attempt was to approximate the grading of 
the fraction of Sample No. 6 that was larger than 0.005 mm. As would t 
he expected in the absence of the clay fraction, the optimum moisture an 


| 


 gontent is smaller than | that of | Sample No. € being only 8.5 per cent. 
weight of dry soil at maximum density, however, is only 124.1 Ib 
r cu ft, ‘which is 5.7 Ib per cu ft less — that of the excellently vem 


approximately the same sand as Sample No. 6) is 
he lower than that of Sample No . 6 As the coarser sand fractions are — 
dliminated in Samples Nos 10, and 11, and the mixtures a approach 

nearly uniform grain size, their densities decrease. = 


Fi Fig. are shown the effects of different electro- 


the Iredell soils. Using the Arlington samples for ‘llustration, it will be 

- noted that admixtures of sodium hypo-sulfite, sodium chloride, ferric chlor- _ 
‘ ide, and calcium | chloride, e effect an increase in weight of dry soil ‘per cubic 
over that of the natural soil ‘with water 


aes Fillers Adhesives—In Fig 5 (b) 2 are shown the effects 

~ oy other admixtures ¢ on . the densities of different samples. The fact that ; 
“films of water- soluble adhesives might be thicker than those of. water has 7 
‘significance with of soils treated with 


‘Tests: Usep 1x Som Srapmmzation 
Tests Usen ww Som 


In practice, the suitability of graded ‘mixtures is determined by mean 


the 4 Atterberg plasticity tests” performed on the the ‘material 
> passing the No. 40 sieve, an effort being made to combine materials in 
such quantities that. the ‘resulting mixture will conform the Tequire- 
‘ments of stabilized road surfaces. To ‘this | end, specifications have been 
on the basis of grading ¢ and the plasticity index. 
However, any chance combination of two materials that within 


a the limits of the specifications — may not be the best possible combination. b a 


teity index of between 4 and 12, but for two given materials ‘(aggregate t., 
and binder), there is one combination having a definite plasticity in 
highest density may be « obtained. 


has been shown by Miller (32), the specifications may call for. a -plas- 
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BILIZATION OF SOILS 
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5.—Errect or Various ADMIXTURES ON THE DENSITIES OF COMPACTED SAMPLES 
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The eurve Fig. 6 dows the maximum densities in the 
| Proto test on five mixtures of Potomac River sand and Arlington loam. 

Tt indicates that the maximum density will be obtained by combining © 
ie: 30% of the Arlington loam with 70% of the sand. The plasticity index 
of this mixture is 6 and should be used for control in the field. OF 
For the design of soil base 

in which asphaltic emul-_ 

‘sions 2 are to be used, Cc. L. Me- Y 
Kesson, M. Am . Soe. advo- 
eates the use of special test 
elsewhere (5). The mois- 


n 


teximum Dry Density, in Pounds per Cubic Foot 


ture content and the quantity of 
binder required in soil base courses 
with ‘Portland cement, 
tar, and certain asphalts : are deter- 
mined by “means of the 
The Proctor tests are used ex- 
tensively in connection with the 
construction of earth dams and 
embankments. However, it is be- —Maxiuum Dry DENSITIES OF 
lieved that a modification of these 
tests, which furnishes data, such | as those | shown in Fig. 2, allows more 
latitude of construction procedure. the com ‘compactive pressure 
_ provided by | a given type a equipment, the corresponding optimum moisture 
content, resulting density, and plasticity needle | readings are ) Shown by the = 
curves. Likewise, for any desired embankment density, the equivalent pres- 


y that must be furnished by the rolling equipment, is disclosed. Fi ales 


illustrate, let it be assumed that rolling equipment, exerting a com- 
 pactive effort equivalent to a static pressure of 300 Ib, is to be used. 


# Then, the soil (Fig. 2) should be compacted at a moisture content of Fe: 
of f the weight of dried soil; the resulting density” should be 104.4 
Ib per cu eu ft; and the plasticity needle reading, ‘Tb per” sq. in. If, 

on the other hand, the embankment is to be constructed at an optimum _ 
‘ moisture content equal» to, say, the plastic limit (26%), the soil should 
me compacted at an equivalent static pressure of 130 Ib per sq in. The | 
_ Maalting density is 99.2 Ib per cu ft, and the Plasticity needle reading, . 
The slopes of. the density-moisture content curves may be quite different, 7 
' as shown in Fig. 7. Assuming that the moisture content can be con- i 
trolled in the field within a range of 5%, a variation of 2. 5% above and ~ 
= the optimum would be expected if the control value was set at the 
optimum moisture content. According to Fig. 7(a), densities from 98.4 


bb ‘Per cu ‘ft to 100.6 ib ‘per cu cu ft would be | expected from this: thy 


— 
— 
| 
4 
— 
ae 
— 
[| 
| 
we 4 
— 
— 
— 
— 
iq 
| 
|| & steeper slope than the one shown in Fig. 7(a), although the indicated = pac.’ 
maximum densities are the same. A variatio Of 4.970 


ABII 1Z ATION OF SOILS 


optimum: moisture content would result in | in 35° 

er cu ft and 100.6 lb per cu ft. B By setting the control moisture some- oh 
above the optimum in ‘the case of the soil with. a density- 
_— Cantent relationship, such as that shown in Fig. 7(b), it is possible _ 
— the variation in density. Thus, using moisture contents from 2.5% * 


below to 2.5% above 26.2%, the resulting densities between 
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In the mixing of solid ‘binders, such a clay and Portland 
with aggregate, advantage is taken of the adsorption phenomenon rete 
thorough distribution 1 it is only necessary for the materials to be 
brought in close enough | “association to permit the dry powders to become 
attached to and coat the aggregate. 
Bituminous materials, in contrast, coat the more readily after the 
air films have been removed by wetting the particles. Therefore, water . 
in various quantities is used to obtain the required ae 
and asphalts in soil mixtures. |. 
The materials have been blading, ‘etc., by ‘portable 
plants on the roads, and by means of plants set up at the source of supply a 7. 
-— Asphaltic materials used as stabilizers in Jackson County, Missouri (7), 
were introduced at desired depths below the surface of the loose road mix <3 
by means of a specially constructed “sub- -oiler” (1d). — It is essentially a 
tooth searifier, having an oil line attached to the back of each ond 
‘running nearly to its point. te 
is Graded mixtures have been compacted by rollers supplemented | ty: ‘trafii = 
Te on roads and by rollers, trucks, ete., in fills. Generally, when the —a a 
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ABILIZATION oF ‘sons 
F of control i is used, prongs of heep’s-f -foot or 
or that produces a similar effect , are required to pene- 
trate the unconsolidated material and compact the layer from bottom 
upward, order that the layer fine material may be consolidated 
uniformly throughout its” thickness without stratification. Compaction by 
vibrating the soil is another method being investigated. 


SumMary 


A review of the development of soil discloses ‘the fact 


that: the principal ‘means followed in practice until several years ago involved 


use of granular ‘materials. With the increasing demand for farm- 


> to market roads the use of water-retentive chemicals was found. to be a 
cs ‘valuable supplement in | the construction and and stabilization of properly graded 
mixtures. Attention was next directed toward the use of water- 
insoluble binders, including | materials and Portland cement, 


the liquid or air films with Alsuaineus materials, Portland cement, and 
“other insoluble binders in the stabilization of fine or poorly graded soils. — 


2.—Admixtures which pays been Sor treating road 


ments may provide ‘when used in ‘courses protected from these 
influences by impervious bituminous surfacings. ‘The use of adhesives 
is not expected or to render the soil sufficiently hard or 


} wo reduce the thickness of the films and thus provide greater density, 
ie furnishes three distinct benefits to soil structures in service. The thinner | 


the films the ‘smaller is ‘the quantity of free water that can be released — 


as the soil warmer. Consequently, soils with chemically 


comp pactive » effort. This means lower cost for compacting fills, earth» 
s dams, ete., and less time required under equal traffic conditions for road 

to become stable. The latter is especially important in base- 
course ‘construction where the highest density is desired the shortest 
‘ possible time, in order to prevent additional and, perhaps non-uniform 

Compaction of the base course, after the wearing surface is applied. 
freezing point lowers as the thickness of film diminishes. 
denser the soil at relatively moisture content, the 

even if they consist 
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«fie conclusion, it should be emphasized that soil stabilization is as =a 

its infancy. tests are helpful for disclosing the various 

bilities of attaining stability of soils, but their value is limited and tho 

constants furnished by them: are truly “constant only for the conditions 

of temperature, ete, at which ‘the tests were made. 
The plasticity tests disclose primarily only 
7 « clay due to reversible phenomena. — _ They do not throw light on the presence — 


d of colloidal cements that are likely to develop as the soils dry. out during 


_ The Proctor tests afford a simple and promising means ¢ of determining — 
‘optimum binder contents and of. “compaction required ‘for the 
attainment of given densities. The optimum density to which a given 
should be compacted for greatest stability in embankments is not as 
A known. It has been suggested that there is sa theoretical ‘optimum for a A 
soil in dam construction beyond which tamping may become injurious (35). “ 
-Meager data obtained in the laboratories of the U. S. Bureau of | Public 
Roads seem to indicate the possibility ofa drop i in stability after the density 
of a sample at constant moisture content has been increased beyond a certain > 


How much the ‘different fine-grained watt swell, long 1 periods : 


- of time, after being compacted to high density during the construction of a 
_ embankments, i is also a moot question. _ Generally, the pressure on the — pe 


~ soil, at a given location, exerted by the e weight of the embankment above 
Pm is ‘considerably less than the pressure at which the soil was compacted. 
colloidal glue action could ‘prevent soils from swelling. 
"swelling 1 were likely to occur to , considerable ‘degree there would s seem to be at 
no reason for compacting the soil with a pressure much greater than that 
_ produced by the weight | of the embankment the soil is to support. Pes 5. te 
ba The fact that some soils are particularly ‘sensitive | to ‘small changes in 
moisture content indicates that from a practical standpoint they are undesir- a 
able for embankment construction, Furthermore, , suth soils when used as bind- a 
ers in stabilized road mixtures will re-act quickly to variations in moisture — 
content with consequent changes in stability and cementing properties. 2 
Tel basic —— between soil particles and surrounding moisture films a 
‘both embankments and stabilized soil roads, and any 
tests revealing these relationships are valuable aids in the design and = 
struction | of either type of structure. nis. 
_ Unfortunately, _ tests are not as yet available for disclosing the effects — 
a climatic variables occurring during long periods of time on specially 
compacted and ‘Specially treated soils. As. a result much of the desired infor- 
mation on the lasting effects of the base exchange, chemical actions, wm: 
especially produced film conditions must await the 1 results ot chamrention® on 


stabilized soil roads and structures in es in service. 
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da acosB 5 ML Au. 8 Soc. 0. E. (by letter). —A fine 

stabilization is presented in this “paper which covers especially effect | 

of the colloids and moisture films. ‘The real ¢ complexity. of ‘the s subject can 

only” be visualized by a 4 complete definition of the word, “soil, ” as used in ‘ 

the engineering sense. Such a definition ideas: not yet exist, and an agree ff yey 

ment ¢ on the ‘Meaning 0: of the word would | be a great aid in the classification — » A 

j RE ‘materials and tests concerning soils. In 1924, the writer® —— i 
the major constituents of soils and their respective contributions to soil 
properties” as” well the the constituents of ‘various 
farm technologist ‘defines a soil as a porous mass of hard frame-— 

plastered over with a a jelly containing ch hemically active. ‘matter, plant 
foods, and unstable organic compounds, the pores of which contain 

and water. The farmer classes soils as or light (sandy), 
referring to the predominance of the mineral constituent. 

The geologist distinguishes between (1) primitive soils formed by the 

mechanical loosening and chemical decomposition of rocks (or a combina- 

tion of both); (2) derived soils formed by the mixture of primitive soils | 
possible weathering, to water or wind acting as col- 


It is quite well agreed that studies on pure sand, Gay, 
grained granular substances, ‘powdered rocks, or any laboratory combina- 


tions of these items, with or without water, can help but little, if any, 
: the solution of a field problem; and the impossibility of reproducing tem 
‘perature changes, moisture distribution, and other variables, to say 27 


| ee the difficulty of obtaining true soil samples, makes tests on actual soil 


7 *' samples of doubtful | value. The foregoing statement would be true even ne: 
a uniform soil (a hypothetical and probably non-existent material). : 2 
Unfortunately, problem has | been attacked from the 
- instead of the macroscopic point of view. * It is so easy to study the leaves 
without even of the existence of the tree. In the writer 
opinion, mu 
be Gidea’ an an agreement is ‘reached to classify soils. on the basis of 
a few quantitatively measured physical properties, found by tests as simple 
as those 1 now used for testing ¢ cement. Standards can then be determined — 
certain well known classes of soils, such the list Important = 
American Soils” ” issued by the Department of ithout such 
ae an ¢ agreement, t tests « on soils made by different me can never ‘be compared, 
and the accumulation of test data will only be used by those who desire is 
to show agreement between some chosen isolated tests and a ‘ 7 “pet” ” theory. — 


¢ Progress Report of the Special Committee to Codify Present. Practice on the Bearing Ma 

Value of Soils for etc.: Discussion by Jacob Feld, M. Soc. C. 

ceedings, Am. Soc. C. E., January, 1924, p. 114. Ls Aree) wel 

TYear Book, U. S. Agriculture, 1911, pp. 223-236. 


ible, as well as m ore r rapidly usable, results 
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URMISTER ON STABILIZATION or SOILS -_ 


M. -Burmister,® Assoc. M. Am. Soc. C. letter). 
excellent and comprehensive § summary of soil stabilization, particularly the — “4 
jmportant physico-chemical surface phenomena, has been presented in 
paper. The: authors have shown that the grading and proportions of the fine _ 
and coarse materials, admixtures and chemical treatment, and temperature 
a film character have an important effect on the density, optimum moisture 
content, and stability of compacted soils. Lunde 
ss The primary purpose of such investigations is to build a fund of oe 
on soil stabilization, so that the experiences and knowledge gained may be of 
practical value, and ‘Serve as guide in solving such problems. In order 
gecomplish this purpose more completely, soil behavior must translated 


into terms of soil character, which means that the soils in each case must te 

i -deseribed, accurately | and systematically, on the basis of a few quantitatively — 

_ measured physical properties, so that they can be identified unmistakably, and 
assed. This would make possible compari: and 


(see heading, “Bibliography,” Reference (20)°), and the 


emphasized by the authors, there are a number of important physical Telations — _ 


which the writer believes are fundamental, , because they bring into a more 
unified and consistent pattern many of the physical factors governing = .) 


behavior of soils. Five of these relations are as follows: Yeicitiey ., 


1) There is a general tendency for a decrease-in the maximum density : and 
a increase in the optimum moisture content with increasing fineness of the — 
: soil, the degree o of fineness being designated by a mean grain size or a size 
_ far Ww hich correlations show to bea practical and useful measure of fineness. 


‘tame of the liquid and plastic limits, and the plasticity index anes give 
a valuable clue to the physical character of the soil, because the plastic charac-. 
: ‘teristics are influenced by the same physical factors that determine density and 
-Stability—namely, wetting characteristics, plasticity, mineralogical nature, 
@) The proportion and the + ROS of the coarse fractions of the soil, 
particularly the wetting characteristics and the grading-density relations,! a have ; 


< 


: the whole soil. cm the proportion ‘of coarse materials is large, the fine fraction 
Fe acts as a filler and binder, and the character of the coarse material predomi- 


nates. If the soil is predominantly fine, the moisture-density relations and 7 
Asst. Prof., Dept. of Civ. Eng., Columbia Univ., New York, N.Y. 
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Be ¥ _ expressed in terms of the type of grading curve and the range of particle sizes,!° _ : «ie 
a there being consistent relationships at the optimum condition of compaction — i 
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stability are determined almost entirely by the plastic ot 


(5) There appears to be a fairly narrow range of clay content | (Gner on 
6. 005 mm) necessary to obtain both maximum density and stability, patie 
larly f for stabilized earth roads, where permanent stability is essential in both : 
the wet and dry condition. W here there is a deficiency of clay (that is, less 
than about 5%) and where the soil is non- -plastic, with a plasticity index less 
than about 4, the density at the optimum | moisture content is materially less, _ 
and the soil hes insufficient binder qualities. The optimum moisture content 1a 
may be less, but there is a larger quantity of entrapped air. Clay contentin 
excess of 35% to 407% : and a plasticity index greater than about 15 to 20 are * : 
undesirable from the standpoint of stability of © rolled-earth dams and fills, . 
although the compacted may very dense. The requirements for 


n cause 
of the extreme service 
study of compaction tests on different soils an of the com- 
paction test data from a great many sources! show that these fundamental 
relations and those stated by the authors form the basis for correctly inter- 

preting and evaluating the of many physical characteristics of soils 
their density and stability. The writer wishes to gest the 
simple, systematic method of presentation and analysis of the data given by : 
=: the authors i in Fig. 5 and Table 3, which i is intended to to reveal and focus attention a 
on the characteristic features-of the soils under investigation, or soils from any 
_ given locality, so that the influence of their individual similarities, or differences %: 


and can be learned; so that the inter- relationship | of all physical 


stability Although general statistical relationship is valuable, it is 


of soils as reflected in density, + 
oo Fig. 8, the mean grain size or size factor, 10 as a significant physical charac. 
teristic of soils, is used as the plotting argument. _ All related data for each soil 
_ are then plotted on a vertical line through the mean grain size in the different 3 
} ‘ component parts of the diagram. — This method of plotting serves to focus 
attention on the particular characteristics of the goils, and confusion of 
superimposing a large number of grading curves is eliminated. = aie 
a Size Characteristics—The distribution of grain sizes is indicated for each 
soil by projecting and plotting g certain soil fractions a as, for example, percentages — 
finer by weight than 5.0, 0.5 (approximately No. 40 sieve), 0.05, and 0.005 mm 
on to a vertical line through the respective size factors or mean grain sizes. - 
A closer sub-division such as log 6 or log 2 intervals might have been chosen. E 
The distribution of these fractions, or grouping (bunching above or below the 
50% size) is characteristic and serves to indicate both the type of grading e. e 


curve, which i is designated by letter in Fig. 8, and the range 0 of particle sizes."’ % 


2 The Physical Characteristics of Soils, with Special Reference to Earth Struc- 
tare, ” by D. M. Burmister, Assoc. M. Am. Soc. C. E., Bulletin No. 6, Research ani ; 


Dept. of Civ. Eng., Columbia Ur Univ., June, 1 
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JA broken es traced through the respective fractions shows clearly the tendency 5 a 

in these soils for increasing clay content and decreasing coarse material with 

pert fineness. The peculiarities of any particular soil with respect - 7 
the distribution of grain sizes are now indicated by the departures: from the 
general trend of these fractions. fo my sitinaqe 


tis is to be noted that for the soils i in Group 1 the range of particle sizes” 
decreases with decrease in mean grain size, and the type of grading curve 
changes from the wide-range, coarse F-type to the narrower range F- -types 
4 eee the D- type) and, finally, to the fine Z-type. Soils in Group (2) have 7 e 
2. 


a constant proportion of fine material and vary only in the coarseness and 
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"range of the coarse fraction, and they change from the typical P-type to the 


Characteristics. —These characteristics of the soils are now 
First, 
a decrease i in 1 density» with’ decreasing 1 mean n grain s size; and, " second, 
} “thin Sinease is also associated with a decrease in the — of grain sizes and 
a change in the type of grading curve for these soils. The importance of the 
‘Tange of grain sizes is shown in Group (2), where change in the : range of the ~ 
Coarse fraction alone causes a marked decrease in density. The decrease in 
_ density of of Material No. No. 7, due to deficiency of ‘oars content (or decrease in 
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the range in the fine sizes), is very noticeable, but the optimum moisture 


4 


. content is also less, showing that there is a larger quantity of entrapped Pi; 5 =. 

_However, the size characteristics alone are insufficient to describe and 

identify soils. The plastic characteristics give much more valuable and 


specific information on their true character. fi Fig. 8, therefore, is extended for _ 
the analysis of certain groups of soils in Fig. 9 to include the plastic charac- a ce 
teristics of the fine fractions of the soil passing the No. 40 sieve (0.5 3 mm, 


approximately), which ses defined in terms of the liquid limit and the | las. 4 


. ha A study of the density relations at the optimum condition discloses con- 
sistent relationships with the Specific characteristics of each soil. This method — 
rf of plotting the density against the mean grain size or size factor, as an argu- 
arias brings compaction data into a pattern having a definite trend. The — 
slope of t the band of density, its position, and width—that is, the variation of 
‘density v within the band for any given ‘group of materials—are determined 
primarily by ¢ the five ‘Physical relations enumerated in the first part of this 


comparison of he characteristics with the lay (finer 


a. consistent relationship or mirroring of density and the plastic charac 
teristics for Group (4) materials is more than a coincidence, but reveals the = 
direct influence of the particular characteristics of each soil on density, and ie 
- indicates the importance of the plastic characteristics. s. The influence that the 
- fine fraction exerts on the character of the soil, will depend upon its proportion a 
the whole soil, as indicated by the No. 40 sieve line, 

- Again, it is important to note the ge general trend of i increasing pas Ww ith . 
mean size and range of sizes. The of the type of | 


Talbot Ww which conforms to for stabilized 
a soils. The typical grouping of the soil fractions of this group, the wide 7 


of particle | ‘sizes, and particularly the relatively high clay content indicate 
clearly the physical character of Type phe soils. These relations, enn 
_ with the relatively high plasticity index of the fine fraction (passing the No. 40 
4 sieve), represent the ideal requirements that must be satisfied in order Ae 
_ obtain maximum density. In general, where the plasticity index is lower 

than the trend the density is aioretn, and where it is higher, the density is ele “7 
an inverse relationship, which i is quite consistent. ? 

Equally. consistent relations are indicated for the Iredell, Arlington, and 
Manor soil of Group (3), which the authors used in their investigations (see 
Fig. 5). In view of the fact that the plastic characteristics reflect, consistently, © 
the influence of the physical factors of the fine fraction that determines density _ 
and stability, the specific influence of admixtures, electrolytes, and chemical 
treatment, except bituminous materials , may be determined and correlated by 
their - specific effects on the liquid limite : and plasticity indices of the particular — 
soils, because these substances affect primarily the wetting characteristics, 
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AND “WILLIS ON ST! ABILIZATION OF OF 
film n character | and thickness, and physico- Coun surface phenomena « of the 
fine fraction of the soil. 
_ chloride solution on density could have been estimated fairly reliably i in Fig. 9 : 
if the effect on the liquid limit and plasticity index were known. ae Se 
_ With a few control compaction tests on a group of soils to define the density ne 
_ band, and with the physical character of the soil indicated by the size and 
plastic characteristics, a reliable estimate of the density of a large number “2 
soils can be made more » economically : and rapidly « on the basis of the simpler 
liquid and plastic limit tests by making departures within the density band 
proportional to the departures of the plastic characteristics from n their trend, : 
and by | giving the proper weight to the proportion of the fine fraction of the 
_ whole soil, as revealed in Fig. 8 for soils of Group (2). ke » 
"Additional sub- divisions may then be added to the diagram showing the 
"quantity and kind of admixture or chemical treatment . Where it is s deemed 
advisable, Fig. 9 may be extended to include the Proctor penetration resistance 
at the optimum n moisture content, or the results of other tests, such as crushing — i. 
H - strength tests to > show the binder qualities of the soil and deking tests to show 
_ how the soil reacts to variations in moisture content with consequent changes 
stability and cementing properties, shear tests,ete, 
it is believed that much useful and valuable information can be alk of 
"more general and permanent value as a guide for rolled-earth dams and stabi- 
lized earth- road constructions; but the information should be as complete as . 
possible with a careful and systema matic ; description and identification of soils i ss 
‘that the experience gained by investigation or by construction in one locality — 
may be of practical value in solving the problems in another. The soil diagram — 
affords certain advantages | because it: summarizes and correlates the 
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nt 


‘that have an important influence on density and stability. 


A. Assoc. M. Am. Soc. C. E., AND E, A. Esq. 


4 or in the locations in which 1 they are to be wk: Such surveys include studies of e: 
4 climate, topography, underground | drainage conditions, ‘and service behavior > 


of existing roads under prevalent conditions. Both the American Associatio 


of State Highway Officials and the American Society for Testing Materials"* 
adopted methods for - surveying and sampling | sub-grade soils. _ The sur- 
veying and sampling of soils are supplemented by laboratory tests. — The type 
of tests and the extent of testing required — on the purpose for which — 
the soil materials are to be used. _ | 


8 Highway Engr., Div. of Tests and Research, U. , 8. ‘Bureau of of Public Roads, Wash- 


Associate ‘Highway, Bureau of Public Washington, 


A. S. H. O. Method T-86, "Adopted, 1934; Standard Specifications for Highway 
Materials and Methods of Sampling and Testing, A. A. S. H. O., 1935, pp. 213-221; al 
A. S. T. M. Designation: D 420-35T, pp. 940-949, Proceedings, 38th Annual ‘Meeting, * 


— 

— 
— 
— 
— 
os 
i 
— 
| 

— 
— 
— 
— 
— 

id 
— EEL — 


materials as revealed by tests. was assumed that satis- 
field conditions would be accomplished. 


s are mixed with Portland cement and bituminous binders with the ex-— 
of equal serviceability, this being possible because the designs utilize 


average strengths of “groups | of materials instead of the maximum strengths ‘ 
of the best mixtures individually; but in soil stabilization engineers strive for — 1 
the maximum ony 2 of individual n ‘mixtures of soil aggregate and binder: a. 


Professor Burmister have indicated the desirability of a accepted 
system of soil classification for engineering purposes. _ Professor Burmister 
_ has described i in his « excellent discussion the ‘multiplicity of factors rs which h must 
The authors are convinced that the practical method of attack is to grou group 
a soils on the basis of performance for each particular engineering use. Simple — 
tests may then be used to identify the individual members of each performance 
; Four groupings of soil materials based on performance when 
particular purpose in highway construction been adopted. They are: 
a (1) A grouping for sub-grade materials; (2) a grouping for embankment m 
ir terials; (3) a grouping for graded materials for use in base or surface courses; : 
i and (4) a grouping for fine-grained soils stabilized with Portland cement or 
cy bituminous material. On the basis of the test data, the soil samples are 
classified according t to these and ‘studied in an effort to 
general grouping for sub-grade soil in which eight groups are 
-Tecognized i is widely used by State highway departments. tests used for 


the identification of these materials are: (a) Mechanical analysis; (6) liquid 

limit; (c) plastic limit; (d) shrinkage limit; (e) field moisture and 
(f) in some cases only, the centrifuge moisture equivalent. 
Pie grouping for embankment materials has been adopted as a standard — = 
specification for the American Association of State Highway Officials.’* The 
‘Specification includes six groups for embankments less than 10 ft in height, 7 
J and five groups for embankments greater than 10 ft in height. The tests wor 


a “for identification in these groupings are: Liquid limit; plastic limit; and maxi-— 


se 


“mum weight, per cubic foot, as determined by the compaction tests. cs : 
grouping for graded materials for surface and base course 
has been adopted as a standard for the American Association of State Highway _ a 


Officials, 7 Seven groups—three for surfacing materials and four for base _ 
course materials—are included. | These materials are identified by the liquid > 


limit and plastic limit tests, and ‘the mechanical analysis. 


“Standard Specification M 57-88, A. A.S.H.O. 
rd Specifications M 61-38 and 56-38, A. A. S. H. 0. & 
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HOGENTOGLER AND WILLIS ON "STABILIZATION oF SOILS 
The grouping for fine- e-grained soils stabilized with. Portland cement 
a bituminous materials has been submitted to the American Association of State ae 
‘ Highway Officials in part. ‘Two groups of materials, differentiated in the cn ee [ 
of stabilization with Portland cement by wet wetting and drying, and freezingand § 
thawing tests, are recognized. The compaction test is used to determine the 


quantity of water to add | during construction. 


Results of check tests conducted during the nine years, 1929-1938, | by the 
+ Bureau of Public Roads in co- operation Ww ith ne various State highway testing 


groups have been to an an entirely status. 
__ The widespread usage of these groupings has indicated that they are a4 
practical value and that the employment of specifications based on them are 2 


workable and produce results which are more satisfactory than those prev i : 
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SOIL REACTIONS IN RELATION 


f Discussion BY M. Hu, 
4, ay, C HANDLER Dav Is, Harry E. ‘Srvant CRANDALL, 


Technical dealing with contains volumi- 
nous reports on the properties of clay, s silt, and mud, and the reactions | 
oof these soils: to loads transmitted through round or square plates of varying c, 

*¢; ‘sizes. There has also been as much written on the properties and reactions _ 
Ds of sand and other permeable soils under various conditions of loading. — 3 
a Seldom, however, does one find a clear analysis of the behavior of a com- 


bination of many soils, a condition that is encountered so. frequently in 


4 publication that is written” ay ty practical use “of the designer and 
z the construction engineer who | are seldom equipped for this highly “special. 
', ized branch of the profession. — It pomraa possible that if more attention 
were directed to the application of theory rather ‘than to theory itself fewer 
- foundation failures would result. a The attempt has been made in this paper, 
- therefore, to use the construction field as a source of information, and to 
correlate: the collected data on pile foundations under varying soil condi- 
- tions so ) that the reasons for success and failure become e evident. paras 
x. The data presented herein may tend to show that the ‘ “science” of 
foundations can be called a science only when the piles : are driven to rock, q 


on, or other substantial sub- stratum. Very | little is known of 


tds, the dynamic pile- driving formulas: are only a poor indication of — 
the carrying capacity of a sing] e pile; and that the carrying capacity 
ofa a cluster or mat of piles seldom equals on value of a single pile multi-— 
by the number contained within the cluster. 


Rots -—Published in June, 1937, 
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States, form the basis of this paper. _The analysis is interesting 
n that it reveals the variety of soil combinations extant and “the average 
— practicing engineers, of this complicated 
recorded from the boring data the ‘soils were of such an infinite variety , a 
mixtures and in such an 1 infinite “variety of proportions s that onl h 
m y of prop y three 
examples will be noted: (1) 5 ft of sawdust, old paving blocks, = 
general refuse, on 25 ft of very soft and slushy mud, changing ‘gradually 
to 5 ft of firmer blue. mud ¢ on sand; (2) 6 ft of sand and clay, on firm sand ~ 
and silt, on coarse sand and quicksand, on medium coarse gravel; and : 
(3) 20 ft of hydraulic sand-fill, on 25 ft of mud, on 5 ft of peat, on -—_ oS 
During ‘the construction of the foundations tee the ‘Laurel Hous- 
ing Project, Cincinnati, Ohio, _in an area of 35 by 150 ft, loam top-soi] — 
was found on soils which may be. described by the terms, clay, “bull liver, “¢ - 


and quicksand. Within the same ‘area were found twelve cesspools ‘and 


one spring flowing strongly during the drought of the summer of 1936. 
Imagination cannot picture a mathematical treatment of su 
With apologies, it should be stated that such inexact 
sand, clay, t the dirt movers’ “bull liver” etc., are used throughout ‘this 
paper as describing the soils more clearly to the minds of most engineers a 


- contractors | than ‘the correct technical terms. No piles were driven for the 


The driving of piles in ‘the widely "varying soils indicated by the fore- 


going, develops reactions diverse ‘as. the soils themselves. In some 


instances a heave as much as 6 ft resulted, and, in _ others, settlement fol- +2 
lowed. Added resistance to driving after: rest. resulted in ‘some. cases” 
lessened resistance to driving after rest in "others. ‘Frequently, shorter piles 


were required as more were driven in a cluster, due to the consolidation of et 

th ‘surrounding ‘soil, and at times longer piles were ‘required as 


~The solution of this problem may be demonstrated by average data 
from the aforementioned records. the assumption i is made that 
the design load must be carried by the soil below. the pile- points, and if the Ay 
rage design loads are divided by the area represented by the pile 
spacing, comparative loads per square ‘foot on the several types. of, sub- 
soils, can be ascertained. is, understood, of course, that “whereas ¢ only 
average values, are being ‘compared _ concentrations of loads may often occur 
pile-points greatly in excess of the average. 
hp From Table 1, it is” ‘evident that, in spite of errors in assumptions, most 
of the serious settlements of foundations on ‘Piles. , America should 
It is average practice at. times. wasteful where the 
ile- “points rest on firmer sub- “strata. It would appear, therefore, that where 
piles have driven “soils, the per 
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- load per pile, and the unit load on the hard sub- strata. In addition, it must a 
apparent that end-bearing piles” driven to. solid sub-strata T 


TABLE 1.—Bearinc Vatues ror Pire Founpations” yn 


his Piz Average load 


| 


70 


* Average pile spacing equals 3 ft. Building Code of Cincinnati, Ohio. Average for fine 
clean sand and coarse compact sand of Cincinnati Building Code. Code 0 of Boston, Mass. 


Examination of the records indicates that the results are many 
instances to’ incorrect, incomplete, or a total lack of, soil data, to mis- 
interpretation of the results of preliminary investigation, and often to 


and experience have brought to light soil characteristics ‘that 

serve as a basis for the understanding of their reactions during the driv- 
ing of piles. ‘However, variations the water content or imperceptible 

- quantities 3 of other soils in combination change the results so that at times — 
predictions as to reactions are embarrassing. 
kas general, it may be said that: (4) Soils, to-day, are | 7 sidered as solids — 
pis definitely elastic in some (2) compressibility varies from 
and gravel at the one extreme to gumbo ‘and peat at the other; (3) sand ta 

under load compresses almost at once, whereas of low permeability 
= which water can only escape slowly under pressure, | requires a long 

time for Permanent deformation ; and undisturbed con- 


t00 ‘much depe ndence placed ‘upon . standards of pile “loading. and spacing. 


_ The phenomenon of the compression and rebound of ‘soils has” been 


illustrated “many times by investigators, by means of compression and 
im 

i bound curves, that additional curves are superfluous. will be instruc- 


the behavior of the 
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with ome cute carloads of coal are hauled 
heavy locomotives, producing heavy wheel loads. Observation of the 
“? track under traffic indicated that the clay sub-grade was originally very 
“elastic, the deflection of the rails under the passing wheels being consider- 
Jae and the ‘rebound being apparently equal to the deflection. For years 
after construction was completed, | more and more ballast was added, and 
the track was: lifted time and again, , until, finally, for valuation purposes, the 
“ballast was measured, and it was found that the road bed immediately 
under the ballast had assumed the shape of a ditch, 3 ft or more deep in 
places. This would mean that the repeated application of loads: over a 
long period of time gradually c compressed the ‘clay until, “after many load 
applications, permanent deformation was reached. Some evidence 
discovered of side ‘Movement 0 of f the soil i into and of mixing of 
The time required for driving is usually a matter 
of minutes and the application of comparatively few | blows. clayist 
-_ impervious soil is considered a as elastic, it : should co compress momentarily — 
with the blow of the pile- -hammer and rebound at once; or if the reaction se 


is viewed as ‘the "displacement and flow of a plastic material under pressure 


the result in either case is movement upward. or in the direction of the 
Teast resistance. This is known as “heave”, and is less in soils containing si 
proportions of sand or water. the soil happens to be sand, the 
a surface is more likely to subside than to heave. If the sub-soils are alternate 
beds of clay and sand, both heaving and subsidence may occur. No definite 
ules can be stated, | but it is possible, from the examples: that follow, = 


trace some similarity in the reactions of soils. 


with 


i | 

c 

Fie. 1. —ARRANGEMENT OF PILES” AND ORDER OF DIvISION. 


sample 1. —During | the spring of 1932, some interesting Pile tests were : 


C. (3)? ' Two groups of piles were driven: Group A, , of ‘five piles, having an 
rage ‘eth of 20 ft; and Group B, of six piles, having an average length ; 


*The numerals in denote references to the Bibliography in the Appendix ; 
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of 1: 6 ft. The oles: in each group were spaced at 2.5-ft centers, a and the 
ated by about 200 ft. All the piles were of straight 
a diameter of 15 in., and all but 


one Fig. 1, Pile 6, Group B), had a bulb or pedestal at the bottom. 
From Table 2 it is evident that the soil had consolidated around the + 


wry 


piles of Group A as the driving progressed, and the piles, therefore, 
be shortened. The ground was thrown vertically upward during 


TABLE Datvixa ‘Dara, Exampte 1 (No. 1 Sream Hamner; 


ch 


Blows per inch, foot of driving | 


Creep (in inches), in direction of arrow..... 


early part of ‘the penetration of each pile; and yet, maxiium heave 


was only 0.5 ft. Fig. 2(a) shows that the strata penetrated consisted of © 
were ‘slightly on the side of = pos 
the impermeable materials. Table 
2(b) shows that, in Group, B, the 10 ; 
‘wil had not tightened up ‘sufficiently 
“to cause shortening of the piles 
the driving progressed, heave 7 Gravel, with 
amounted to a of 2 ft, Boulders; 
equal to approximately 10% of the 
displacem nent of the piles i in the clay 
4 and ‘silt. It is evident, therefore, 
that the soil around Group B was A unt 
of the clayish order (see Fig. Green Clay and Sand 


shown by i -—(Decomposed Rock)—— 
Hard, Impervious 


a mixture of permeable and im 


Z 
A ey enter: onl 


was more likely to become ‘distorted 
when the piles of Group @GROUPA GROUP B 
excavated to the gravel stratum, Fie, Data; 
1 ft above final penetration, ‘Piles Nos. ‘3, 4, and 5 5 had a tendency towar na ae 
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deflection, in the direction | of least resistance, 


the most highly compressed soil. bees 
Example 2. —On the construction of the Union Terminal, at Cincinnati, 


binations of slays: in which the heave at times amounted to as anal ts 
3 ft. _ Many of the footings wer were e supported by encased, cast-in- place, concrete x 
~ ‘i. placed by driving a pipe or casing containing a core. On withdrawing 
... the core, a corrugated - iron pipe was placed in the casing and filled with — 3A 
eonecrete, after which the outer ¢ casing was as withdrawn, leaving an annular 
of 1 in. corrugated iron pipe. On one occasion the 
ee iron pipe was ordered removed after the e casing had been with- 
drawn to ‘unavoidable delay, the orders were not followed u “until 
— few hours when it was found that the clay had gripped the corrugated 3 
4 iron pipe so tightly that it could” not be removed without destroying it, 


— 


illustrating perhaps the rebound | elastic: ‘material when the pressure 
is removed. For the same | ‘purpose Example 3 is given. 
Example 8.—At Potomac Park, Washington, D.C, three test piles were 
driven” 1934. ‘One w was composite. pile with a steel- encased concrete 
i action section, 16 ft long, and a lower wooden section, 30 ft long. — The 
driven 15 ft away, was a steel-encased, _cast- -in-place, concrete pile 
53 feet long, and similar to those mentioned in Example 2. ‘The third 
test pile was a standard, pile, 52 ft long. They were each 
driven through 10 ft of hydraulic fill, 30, ft of, Potomac River mud, and 
then, at 2 in. per blow for 3 ft and 1 in. per blow for 1 ft, tightening up to 
‘yal four blows per inch through the next 5 ft, . 


The steel- encased, concrete pile had with a steel contr 
bar, 1 in. 1. square, s so that the pile could be subjected to an wu upward pull. 
On removing the casing, the usual 1- ‘in. annular space was left. Static load 
tests were made on the three piles, so t that several days” 


pull teet could be undertaken. jacks were used in 


q 
a 


driving, depending upon the water content and ‘mixture with other soils. 
After rest they regrip the with added resistances, at times amount- 
ing to as much as 2.5 times in 12 hr, and even 4 times | ‘in 24 hr. ~ Whether 
the cause is attributed to the rebound of an “elastic soil against the pile 4 
or to the readjustment of the internal structure of the soil after remoulding > 


is not as important as. “facts themselves. Either explanation ‘may be 


of ‘sand or F coarse- or wenn mud to soil combinations ¢ changes 
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i that the surface of the sand subsided 1 ft due to the driving. V “we A. End- © 
aby M. Am. Soe. C. E. (1(e)) describes the driving of piles in sand to satis- _ 

- factory resistance on one of his projects. The piles were allowed to rest 
until the following day. When driving was resumed, it was discovered 
that they had lost 40% of their bearing power. ghee 
ot Ezample 4.—During the construction of the extension of Concrete Pier 

No. 314, Navy Yard, Charleston, 8. C., under the supervision of the United © 
an States Bureau of Yards and Docks (5a), a number of 18-in., square, wooden, 

' test piles were driven through 10 ft of silt and into stiff blue mud, appar- 

ently quite coarse- -grained. At from 48 ft to 57 ft the test _ developed 

a resistance to ) driving of 40 tons, soon thereafter “fetching up” at virtual 

fue. After a rest of from 3 hr to 2 days, driving was resumed, showing 

a marked decrease in resistance. The decreases in specific cases were 

- from 43 to 21 tons, 45 to 32 tons, 47 to 39 tons, and 39 tons to 25 tons. — 
ila Example 5.—The following; to much the same purpose, is reported by 3 
Lieut. J. N. Laycock, Ge 8. Corps ¢ of Engineers (4b): Four timber test 
piles 18 in. Square: ft long, were driven at Balboa, Canal Zone, 

aig through soft silt to — 28 ft to — 43 ft; then through fairly compact and uni- | 

form blue clay, the blue clay extending well below the pile- “points. With © 
each of the four test. piles, driving was suspended several times, the delays 
varying from a few minutes to overnight, and in every case of suspended — 

4 driving, there occurred a loss of resistance. - These losses varied from 3000 


ib for Pile No. 1, for a 15-min delay, to 48000 Ib out of 90 000 Ib for 
Pile No. 4 for an overnight delay. Such losses follow so clestly these of the 


sponge placed suddenly under ative of th 
6.—At the Naval Supply Depot, United States Naval Operat- 
ing Base, San Diego, Calif. (5b), a number of concrete and wooden test — 
; _ piles were driven through 7 ft of soft plastic mud, carrying a small — 
ms quantity of sand and shells. Beneath ‘the mud lay ‘strata of sandy clay and > 
sand. A wooden test pile, 20 in. by 20 in. square, was driven to virtual 
The pile was to rest driving was Tesumed. 
g had = 
ft. It should be that and 5 
i muds or more permeable ‘materials. Example 6 refers to permeable sand 
and shells and impermeable mud, in which sufficient sand was present for 
the combination to act in a similar manner but in a lesser degree. = 
‘During the same tests at ‘San Diego, an 18- in., precast, pile 
Was: pulled, and brought up ‘a natural shoe of compacted? material on the 
Point of the pile. The report states (5b) that “it consisted apparently of — 
amples of the various” materials through which the pile had passed, 
was as hard as, and had “the : appearance of, soft rock. a This phenomenon 
a not uncommon, as it has been noted | many times in the driving and 
Pulling of test piles in sand and shells. possible explanation is that 
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ately surrounding the and a bulb of solid ‘material, 
The water in the sand surrounding the consolidated bulb having a means 
of ready “escape, the pressure will be quickly dissipated during rest, Fol a: 

 jowing rest, the pile and its sand bulb having no longer high pressure to 

work ‘against, will drive with lesse ned resistance. Continued driving, hel 


ever, accompanied by further consolidation, length, brings Piles. 
Example 7.—Resort has been had to the artificial consolidation of 
- for the support of structures since the dawn of history. The Egyptian san 
pile has been, and still is, used successfully for this purpose in many parts 
yt of the world. This p pile consists in driving a hole in the ground, filling it 
_ with sand, and tamping the sand to refusal. This ree provides a satis- . 
factory foundation, provided the soil can be consolidated. ‘For example, into 
the sub-soils beneath | the Federal Legislative Palace, in the City of Mexico, 
_ Mexico (6), consisting of an extremely unreliable mixture of volcanic ejec- 

4 tions and al alluvial | matter, were driven 150 000 sand piles, 8 ins in diameter 
on n 20-in. centers.’ The displacement of the piles could have caused a heave 
-_ of 5 ft, if no consolidation had occurred. As the heave averaged only 1 ft, t 
however, consolidation in the amount of four- -fifths of the ‘displacement had 

taken place. However, when water cannot quickly be lost from fine- grained 
4 impermeable soils under quickly applied pressure, very little if any consolida- 


tion occurs. Increase in soil pressures, due to the driving of piles, may ot 
temporary, whereas” consolidation of the soil is of permanent value 
_ increasing bearing power. It must be obvious, therefore, that the driving of ¢ 

piles in, moist to wet soils that cannot be consolidated for a long time ne Tends 

Perhaps no factor in the design of pile foundations: has been as fruitful 


of foundation troubles a: as skin- friction values and their relation to. the prob- 
lem. Offering no ready-made solution or convenient tabulation that will = 
apply to all conditions, the attempt: will be made to indicate by illustration — 


of values that may be secured and the reasons why the: 


assumptions are of such small use. t 

a In the absence of better information, engineers have been forced to 
use” the best data available. The friction between pile and "soil often 
been computed from the results of static load tests, deducting assumed 
point resistances with no allowance made for temporary soil” pressures. 
__ Much better than the average of published data are the values shown 
-. in Table 3. It can be seen that: Either the soil terms are not clear; the 
= -point- -resistance deductions may have been in error; temporary soil pressures 
_ may have affected the result; or, perhaps, the surfaces of the piles themselves 
have been important factors; for example, compare Items Nos. 1 and 2 of 
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ent rapidly, and is consolidated quickly. F les In satu if 
content rapidly, and is consolidated quickly. 198 
— 
= 
— a 
— 
N 
a 

i i 
— 

— 
— 

— 
y 
bes 
— 
ai 
— if 
‘ 


8. 


tests were conducted by the Whangpoo Con- 


 servancy Board during the Shanghai Harbor investigation in China, 


at ‘that time 


= 


Timber pile, 10 in. by 30 


Rough-surfaced concrete pile, "33 ‘ft lo 


re 


The friction value (in pounds square foot) of blue clay 


fi 


‘The report indicates a a slight decrease in friction for longer. 
Se and an increase * 10% in friction values during the subsequent twelve 7 


A 


*15 per cent. 


TABLE 3.—VAaLuEs or Sxiv Frictio 
Friction 


Point 
in pounds resistance 


+ 


Sol 


Stiff blue clay. 

Soft blue clay 

Soft muddy clay 
sand, and 


74 es 
‘Yes + 
70 res 


Silty microscopic sand... . 

ud 


Hull. England 
Portland, Me. 
Tunis, Algeria 
Proctorville, La. 
Rhine Valley, Germany _ 
Rhine Valley, Germany 
a Street and North 
_ River, New York, N 


China 


Cr 


Ey - Example 9.— —In 1933, in connection with the Sewerage and Sewage Dis- — 
posal Plant } program in Columbus, Ohio (9a), it was s decided to drive precast 


“driven through loam, clay, sand, and gravel. = water was quite 
n near the surface. _ The eight piles were pulled with the following results: 2, Ss 


4 


ip 


ground, feet 


Average of eight 16 


, and 
the skin friction had been increased with 


per square foot 
ms 
depth in contrast to _ 


results reported by the Ww Conservancy Board d (see > Example 8). 


i he friction value developed by these pull tests, i lb per sq ft 
for steel on clay, fine sand, and coarse sand. ton 
Example -11.—The sinking of caissons in the underpinning of the Naval 
at the League Island Navy ‘Yard, Philadelphia, Pa., also 
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the U. S. Bureau of. Yards and Docks of the pressures necessary to move the 
caissons at various depths. The caissons penetrated silt and sand to gravel a 
and cobble at 50 ft to 60 ft. Making allowance for the upward pressure of the ef 
air, it dase found that the pressure necessary to move the caissons plotted ie 
nearly | a straight line for the upper depths and then tended to a flattened - 
_ parabola for the lower depths. The friction values increased from 100 bh 
_ Per sq ft at a 15- ft depth to 305 Ib per sq ft at a 60-ft depth. ats — | 


hog Ezample 12. —To illustrate the relative skin- friction values of Tough and 


F, smooth pile surfaces, it may be interesting to compare the results of the load 
test « on m Pile No. 6 b of Group ; B, Example 1, ae with those made ¢ on the ohana con- LA 


precast piles were 133 in. in » diameter and cylindrical i in dates Eleven of them a 
scattered i in the vicinity of Group | B were test loaded. These precast piles (of 
12.6-ft average length, for a settlement of ¢s in. ) were supporting loads averag- 4 
ing 31 tons » An exact comparison cannot be made with the settlements of * a 
in. used in connection with the piles in Group B. However, i in. is 1” 
enough for reasonable comparison. — Since the point-bearing area of the — 
precast pile + was approximately equal to of the bulbless Pile No. 
‘ Group B, it would appear that the ‘friction values of the “precast - piles were 
equal to $4 times that of the rough- surfaced bulbless pile in the same soil. * 
“the same purpose it should be added that a part of the Potomac 
oe Park tests (Example 3) consisted in test loading both the wood pile , and the ae 
concrete pile. described. The wood pile at a test 


Wy Summary.—Skin friction cannot be e assumed 1 as a factor that in “itself 
supports a a structure, but rather as the means of spreading the load wor the 
below the points. Knowledge of friction values, therefore, is 
use in determining value of the ‘Pile and surrounding 


‘Friction values may be affected by variation in the soils, combinations 
several soils, variation in water content, the length and surface of the 
pile, and the time that has elapsed sinee driving. It must be evident, there 
‘fore, that any tabulation of friction values: is intended to cover all 
possible conditions ‘must be accepted with reservations. Dependable results” 
ean be secured by the driving of test piles of the type selected and by pull < 
‘testing, at a lapse of tim ime. This delay will be e discussed h 1erein under the : 
heading, “Load-Carrying Capacity and Static Load Tests. ” The results ar 3° 
equally” valuable when, 2 as occasionally happens, the of the 


soil, ‘and ‘not 1 pile e surface, is the. vital factor if the 
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There appears to be general agreement ‘that the dynamic pile-driving 


OF formulas give . only approximations < of the carrying capacities of piles under a 
: static loads when driven in fine-grained impervious soils, but that the formulas tte : 
gle reasonably accurate when the piles are driven in sand or other pervious 
soils, Ast to the dependence generally placed upon the ‘results of ‘Static load 
tests single p piles, the results” thus obtained are unreliable indications 
oO of what may be expected of the group or mat, of which the single pile forms a 
‘ a part. p= applies, however, only to piles driven on | close centers or in fine- 
grained impervious clayish soils. illustrate how static load tests 
# single piles may mislead the engineer, a few examples will suffice. “peice: 
= _ Example 13. —The p piles described as Group A in Example 1, were 
oe jected to a final static Joad test of 250 tons, | and Pile No. 5, of Group , was 
loaded to 70 tons (see Fig. 1). _ Group: A was loaded to 125 tons for 24 hr. 
The load was then increased to 250 tons, and allowed to remain for 
3 days. The settlement was a in. Pile No. 5, Group B, was test loaded to 25 sq 
tons for 24 hr, to 50 tons for another 24 hr, to 62— ‘tons for 36 hr, and to 
ve tons for 24 hr, with a total settlement of 4 in. pan Fig 3). At a settle- 
ment of # in., the piles of Group A ‘were carry tina de verses | of 38 tons each, 
Ni 
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Fic. Conves; ; Tests oF PiLes 


Comparative st static load tests between single piles and groups of piles 


3 are very rare, due to the eipenaie of: making the 1 tests and the speed usually 


demanded. In the absence of additional test results, ‘the engineer must use 
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i: -¢ driven : for an industrial building of the Texas ; Oil Gunners 

R. I. There are no records of the borings taken. The driving record ‘indi ei 
cates that the piles should develop, according to the Engineering News 
mula, from 41 tons to 83 tons, the average e being 53 tons each. F The structure — 
Was designed for a final loading on the piles of 30 tons each. th Static Toad — 

tests of 45 tons were applied for 24 hr on one pile of a group and on ue 

isolated ‘pile. 2. The test results showed practically no settlement. There 

seems to have been no trouble with the piles themselves, but check levels 


taken on the completed structure since 1925 showed a settlement: 


the elevator at Portlan Ore (4d), fourteen 

wooden test piles: were driven, well distributed over construction area, 

_ ‘These test “piles as well as the permanent wooden piles” were driven to a 

resistance of 25 tons (as determined by the Engineering News teuiiaiy 


through soil of considerably fluidity, to — 41 ft, the elevation of the pile 


vous 


points. One test pile at the southeast corner “of the Storage Annex was 
satisfactorily -load- tested to 40 tons. The foundation consisted of a 3-ft 
concrete mat cast upon the wooden piles, which were spaced 2.5 ft center a 
to center. During construction, ‘marked noted, and 


of the fact that the test pile ‘southeast corner a = 
One of the most important factors col to misleading results 
often secured in the test loading of single friction piles is disregard of bs 
_ the time of testing. The | common practice is to test-load single piles to the 


oe load ‘plus from 50 to 100%, the loads resting upon the piles from 
24 to 48 hr, or perhaps longer, when the settlement is measured, — If the 4 


aa load applied), the tests are accepted as ‘satisfactory. "Such how 


ever, may vary widely from the final value of the piles, as great changes 


often occur in the soils subsequent to the load tests. bo shee (a 
am 

ee the piles are driven in a saturated pervious. ‘soil, where losses in 
a resistance may reach 40% during the ee? bass hr, it follows that no 


= 


to several times, the original during the 30 ‘days: or “more that follow 
driving, it seems useless to make static load tests upon . the | pile during that — 
time. The problem, however, is not quite as simple as the foregoing implies, 

_ because piles often penetrate several types of soils, in | which b both “heave” 
consolidation may occur. boring data a are not always” ‘sufficiently 
accurate guides, it would seem best when Gane to uncertainty to consider the 
_ Soils as i impervious and t to test-load accordingly. th addition, if the test load-— 


tag of single piles were ‘replaced by a | group test loading, beneficial results — 
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Spactne ror Friction Pues 


‘The correct spacing of piles is of import 


ance for two reasons: (1) For FS 

- east-in-place concrete piles too close spacing in some soils is likely to cause _ 


distortion in the partly set concrete of contiguous piles if the driving is — 


- earried in rows continuously ; and (2) for friction piles the correct ‘spacing — 
group or mat allows for the maximum load-carrying capacity of each 
[pile Under such conditions the pile and _the surrounding ‘soil are acting 
Numerous examples could be given of the distortion of cast-in-place 
~ eonerete piles driven in different soils and with ‘different spacing, if the — 
_ information would be of any value. There appears to be no basis, however, — 
for the derivation of formulas to cover the proper spacing of piles in rela- 
_ tion to length, diameter, and soil conditions, in order to prevent distortion. 


_ However the simple device of driving alternate rows and reforming over the 


same ground to complete the unfinished rows is suecessful in preventing 
distortion and cracking if sufficient time has 
__ Reference has been made herein to the work of the Mn HE. Meyer, 


_ ancy Board (8) in soil investigation and pile tests. Mr. H. F. Meyer, 
commenting on the Shanghai findings states 
_, ,-As soon as two piles are so near each other that the two volumes of 
influence cut into each other, the question becomes more complicated. The 


_ size of the affected prism of soil is so large that, in all ordinary cases under 
a footing or a foundation 


» they will overlap. The soil will thus be under he 
vy greater pressure than when only a single pile is involved, the angle of friction 
‘. will be smaller and the skin friction of the piles will decrease. By spacing © 


he formula (developed by the 7 


the piles nearer than the spacing as given by t 
_ Whangpoo Conservancy Board) no additional safety against settlement is 
_ gained, and the builder who has carefully test loaded every single pile and > 
| found that they would sink only } inch for a load of 400 Ib per square foot — 
skin friction on their surface, will, to his astonishment, observe that his 
Whole densely piled building settled more than a foot when completed, in 
_ Spite of the fact that the piles are not nearly loaded up to their ‘full capacity’. 
The distance from center to center of the friction piles driven next to each 
_ other, should never be less than half the circumference of one pile, if the 
whole friction area is to be utilized; the two piles, taken as one unit, will 
then present the same friction surface as would each of the two piles | 
individually added together. If there are more than two piles, the cireum- 
ference of the whole cluster of piles, should be bigger than or equal to the 
_ Sum of the circumference of the individual piles in the cluster. The same 


_ should apply to any part of a cluster. _ Thus, in case of a rectangular founda-— 
tion with equal distances between piles, and all piles square, and of the same 
‘Size with sides 12”, the length of the entire foundation being ‘A’ and the 
Width of same ‘B’, the distance ‘Z’ between piles will thus become: A and B 
= 10; Z = 4.5’: A and B = 107; Z = 11.1; A = 107; B= 47; Z = 8.7” 

nded for use only in the plastic clay 


i 
, it appears to be sketchy indeed 
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‘REACTIONS 


prin. the. soil and, therefore, has an relation to wn 
bearing power. If the spacing of the piles is such that the distribution of — 
the load through skin friction to the sub-soil i is uniform, the Tesult isa “block 
load”, and the piles and the soil surrounding are acting as 
unit. - Obviously, the pile which (through side thrust or the roughness of the 
transmits the largest percentage of the load to the surrounding 
4 sub- soil, will develop the least concentration of load under the point. Such 
Te piles, therefore, may be over-spaced and still act as a unit with the ‘s0il, he 
a. If the characteristics of the different soil strata that lie beneath | the site 
are known, Boussinesq’s analysis can be used with variations for the deter- ae 
mination of the distribution of pressures to the’ sub-soils. Having solved 
for the ‘Pressure distribution on the crucial stratum, the proper spacing of 
the piles can be computed for uniform distribution of “pressure, Although 


this practice would be a great improvement over some of the “hit-or-miss” 


engineer an an actual test by 3 means 3 of ‘driven. ala test- loaded g groups of piles” 
would be a more reliable method for securing this information, 
group test intended for use in effecting uniform sottlement in 
foundation must cover such different conditions as changes of soil on an 
tite and the difference in size and shape of the pile foundations. — 
_ Whether one or more group tests are made, the first step is a thorough 
exploration of the sub-soils by the use of core borings. _ From this informa- — 
tion approximate pile lengths and the type of pile to be used can be selected. i 
A test group can then be driven « on centers preferably of two pile. diameters 
< ‘and arranged so that the same loading platform can be used for the test 
loading of piles on centers of two diameters, four diameters, and for single 


allow for the readjustment of ‘the internal “structure of the soil the 


prety should “rest, after driving from a few to thirty days, depending upon s 


the character of the soil. If, after the rest period, a a single pile is test-loaded 
’ ‘increments, followed by the test load of the piles on four diameters and, 


a 


i- 


edn as the ‘inerébionte of load ‘are applied, data may be had that val 5) 
indicate the carrying capacities of the piles of a mat, the diameters, and the 3 
The fact that so many foundation settlements are dish-shaped indicates 
als the spacing between the piles toward the perimeter may be farther apart — ? 
the | Spacing toward the center of the structure. Without doubt an 
answer will be found to this part of the problem similar to that used in the 
oe design of the foundations (6) for the Federal Legislative Palace, in the City e 
of Mexico (Example 7), in which Boussinesq’ ~ suggestions were followed in : 
the plotting of an the ordinates of which represent ‘soi ressures, at 


any given point. 


Experience indicates that the expense of preliminary. work for the analysis 


of “soils, pile types, and economical spacing, will usually effect sufficient 
is. 
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part rticularly true of large foundation projects, It should be added, further- 

iy more, that by using satisfactory load tests, the dynamic pile-driving formulas ‘ 
en be useful in selecting pile lengths and in « comparing ‘varying soil condi- ae 
tions. They need no longer be the “yardstick” for measuring bearing capaci- 

upon which so much has ‘always depended. 7 


IN N 


be freely admitted, however, that all foundation « settlements are 


to the use of friction piles" in plastic soils, as might be inferred 1 from the — 
End bearing piles driven to hard sub-strata act as , columns and may be 9 


limited only to the bearing capacity of the sub-strata and the pile itself, aa ~ 
"However, at times the weakest link may be the column, because some of the | ; ‘ 


piles may be over- driven, or cast: in-plate concrete piles may, at times,. be a - 
deformed or even Pinched off. Local settlement on a pile or cluster may 


ee but the records of such settlement. ame re difficult to secure. i, Besides, 5 


_ The following statement vould appear to be a fair | interpretation of Lo an 


Whit Members, Am. Soc. C. E. (11): “It would seem m elementary to state 
that each horizontal stratum has to support total load above, including 
the overlying strata and the structures erected thereon.” In the case of a ea 
- pile fc foundation it is equally true that the soil strata below the pile- points must a 
Mg support the loads placed upon them, or settlement, and possibly failure, will g i 
fallow This principle is so fundamental and so clearly sensible that even 7 5 
pm the layman should | be able to understand it. It would appear from the 5 
examples: that follow, however, that this simple a axiom is ‘not generally “recog- 
« of the foundation settlements that will be described, fa fall into one 
‘main group, the “causes and conditions of which are nearly identical. Per- 
Laps the most common has followed the making of new land by filling in an 
old lake, swamp, or slough with a very soft bottom. — Often | the conditions 
existed before filling, have been completely forgotten. When, yea 
= -afterwérd, it is proposed to erect a structure upon the filled land, exploratory — 
borings may or may not be taken. a If piles are decided upon | and are not 
through the compressible stratum at ‘the bottom, or if spread- footings 
ity of f the soft stratum below the points « of application of the loads. 

Tater, when a complete survey of -sub- surface conditions is made, the cause 
of the trouble is only too apparent. With this in mind, note the recurrence — 


time after time of f compressible sub- soils and particularly peat in the following _ 
2 


so Example 16. —For a great steal structure built not so many years ago, 
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"approximately 20 ft. 500 ft away, a a structure somewhat Similar to 
sate one proposed had been in operation for a number of years, and no euaile 
settlement ha¢ had occurred. Apparently, soil conditions on the “site of the 
proposed structure were identical with those of the older structure oa) 
_ therefore, no preliminary s oil explorations were made. As a part of the 
_ inshore foundations, pedestal footings were planned, each to rest on 
twenty- one one wooden piles, 40 ft long, carrying 15 tons each. These piles 
to be driven into the hydraulic sand fill mentioned. 
The pile- driving began, and apparently satisfactory results w were Deing 
secured, ‘as measured by the Engineering News formula. The | engineer in 
charge, however, felt something to be wrong and increased the number of 
piles and the lengths from 40 to 45 ft, then to 50 ft, and, . finally, to 60 ft. 
a. The concrete for the pedestal foundations was poured, and shortly before the 
- time for erecting the steel upon the pedestals, the tops were checked for 
elevation. - It was seen at once that instead of bush- hammering, son some of — 
- pedestal tops were an inch « or more below elevation, Rare settlement. 


even without load, had to an alarming rate. 
Test borings were taken, , the results of which ill be seen in Fig. 4, 
|The ca cause of the trouble was obvious at ‘once. | The heavy s sand fill had been ; 
placed upon sand, -underlaid by compressible soils. The piles were 

‘driven through the sand fill and the original sand, and developed the required iy 


—_— é However, inasmuch as the piles did not penetrate through the 


compressible soils and into the substantial strata beneath them, the added 


he new fill ¢ caused settlement and the piles, , of course, settled with ho 


The ‘steel superstructure was erected, although the pedestals continue 


weight t of th t 


‘settle, compensation being made by means of driving ‘steel wedges and 
placing plates under the column shoes. The settlements of the several 4 
- foundations will be seen | by re: referring to Fig. 5 5. However, after some months i 
devoted to a close study of the problem, it became evident that the incre: 
ments of settlement were and ‘that, without corrective measures, 
plotting of the strata (Fig. 4) can be assumed as correct 
between the Points at which test borings were taken, ¢ and ‘if the settlement 
= 4 is assumed to be proportional to the - thickness - and compressibility of the 
= % ‘strata beneath the pile- points, very little, i if any, settlement might be antici- : 
pated in Foundations $5, $10, $11, 5, and N11. By the same reasoning 
the maximum settlement might be predicted in Foundation 10, diminishing 
in the the following order: S7, S6, N9, S8, NY, , and N8, which is very 


oe It should be added that any type of pile that neki not reach the stratum 

—— as “sandy 1 marl”, ur under the compressible peat, sand and ‘peat, sand 
and mud, etc., would have proved as ineffective as did the wooden piles, 
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_ Example ‘17. —During the rush construction period of 1917, an 11-story 


pS concrete warehouse was erected in the Brooklyn, N. Y., Navy Yard (Se). Due 


to the speed demanded, there was no time for sub- surface exploration. ~ Piles 
= were driven for the foundation from 10 ft to 34 ft in length into a fill over . 
an ‘marsh. the erection of the serious settlement 
occurred, which continued “after completion. Subsequent 
7 howed a stratum of peat 1 ft to 7 ft in thickness, at a depth of 30 ft to 40 ft 
below the surface, subjected to a load of approximately 35 lb per sq in. 
“Tests on sample cubes of the peat gave a _ compression of 35% for this load. , 
As such a condition is obviously disastrous, a part of the foundation was 
underpinned with steel pipe piles, filled with concrete. It is scarcely neces- 
_ q sary to emphasize that had the times been “normal, test borings would have 
been taken before construction, a: and piles would have been selected of 
_ cient length to reach good bearing below the compressible peat. 
: Example 1 18.- —The original borings for the 12- story building « of the West- 
inghouse Company, in Philadelphia, Pa. showed 8 ft to 10 ft of fill 
- underlaid by uniform clay and sand to rock at 45 ft. Conical concrete piles, 
-_. 25 to 30 ft Jong, were driven. Before the building was completed, settlement 
noted. Investigation then disclosed that the soils “were composed of 
S a 97 ft of loose fill, 4 ft of peat, 1 ft of gravel, 15 ft of silted peat, 8 ee 
: of of silt, and 2 ft of sand and gravel on hard mica schist. _ However, the strata 
ab: were not uniform in thickness and the compressible peat lay - mostly under 
- the east weg of the building, where 4 in. of settlement occured | The west 
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the compressible sub-soils to the settlement. There’ appears ‘to | be 

- but one answer to such a problem—underpinning. It appears certain, how- 
ever, that dependable test borings had been taken before construction, 
and the piles driven to the same bearing reached by the underpinning, n no 


ks settlement would have occurred, and considerable money would have e been 
 Erample 19. —At the League Island Nuvy Yard, in Philadelphia (5d), 
during the rush of the World War, two projects were constructed on concrete 
under fairly similar conditions as 3 to soil. In one > ease, conical, i 


ancesed, cast-i -in- ‘place concrete pile with a at the This 
Navy Yard i is situated at the west end of the Horse Shoe Bend of the Dela- s 
ware River. 
Bs alluvial deposit of river silt and egunie matter overlying an earlier deposit 
rs _ of coarse sand, gravel, and cobble. T The sub- “soil f formations under the two 
‘structures, a concrete storehouse and a 175-ft chimney for the Naval Aircraft 
- Factory, are described as follows: For the storehouse six borings showed 
silt toa a depth from 35 (55 ft below 1 mean low water. Sand and gravel 


of the building the jon point at the southeast corner (see Fig. 6(a)). For 
the stack, the sub-soils correspond roughly, except: that the compressible sil silt 
is deeper under the stack than under the storehouse. att 


=] 


GQNTOURS OF TOTAL SETTLEMENT, CAISSON IDENTIFICATION AND 
FEB. 1922 (CONTOUR INTERVAL. 0.1 FT) ANTICIPATED BOTTOM CONTOURS 


6.— AIRCRAFT Strorenouse, U. S. Navy YarRD, PHILADELPHIA, Pa. 
an 


2 storehouse is a six-story concrete building, divided into ten bays, 
east and west, and nine bays north and south. Under the column footings, 
cast- t-in-place conical concrete piles, 30 ft long, were driven, designed to 
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s each. In driving these piles, only small were. 

sistance corresponding to that required by the ‘design. Tt was 

_ discovered, however, that the resistance increased considerably after rest, an 

“as this fi factor has | been the salvation | of many ‘projects under apparently 
-In June, 1918, load tests on one pier, equivalent to that vequined by the 

“= were made. _ The pier settled 3 in. in 45 days, but the increments | of 


ettlement decreased rapidly first ‘Check levels were taken 


tid 


to ‘the depth: of the ‘compressible silt below the modified 
¥ the characteristic cup-shaped settlement. _ Note the similarity of the contours 
of Fig. 6(a) relating to settlement and Fig. 6b) referring to depth of com 
-‘The storehouse was “subsequently underpinned successfully, but, 
course, at « considerable ¢ cost. ‘Had war conditions not existed, and had 
an ample sup] supply, wooden piles of sufficient length to reach into the 
and gravel undoubtedly would have been used. 
__ Example 20. —During tl the same period the 175-ft chimney Was constructed. 
‘The foundation rested upon 64 cast-in- -place, ‘uncased concrete piles, 36 ft 
long, with a bulb at the bottom. _ The penetration of the piles during driving — 
was steady, and the ‘Tesistances, to the News 
indicated an. average safe load of 130 tons. ; 
foundation of the chimney was built in 1918. In 
settlement was detected through | the leaning of ‘the chimney toward the 
power house on the north. angle of leaning was reported as 9 on 
Records of the increments of settlement showed that they were decreasing 
and that the movement would cease in time, if the structure were left” ; 
— alone. ne. However, corrective measures wi were undertaken, , consisting of the 
9 construction of a concrete ring foundation on 71 wooden piles, designed to 
carry 1 tons each, but driven to solid bottom through the compressible silt. 
Example 21. —The « ettlement of the new Naty Building, | at Washington, 
4 D. C. (5e) is another example of the use of piles too short to reach 6 a sub: E 
stratum of sufficient bearing power to carry the loads. Conical concrete piles 
were driven through a ‘recent fill over an ¢ old marsh. Upon the piles a head- - : 
house was constructed 200 ft in length, with rear wings. = ‘settled | ac 
oe maximum of 4 in. The | loads on the piles at the face and under the interiot 
piers are reported as conservative, but subsequent analysis” showed that 
the wings meet the head- house, the piles | under the piers were overloaded. — 
‘The piers did not settle most, however. The greatest settlement 
in the area | of the greatest depth of fill the settling | of the fill itself 
down with it, the piles and the structure. 
___ Example 22.—In 1905 an armory was built in Minneapolis, Minn. (4f). 
‘The site originally had been sw swampy ‘ground, miiaeane i filling with sand 
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SOIL REACTIONS 


wed on sand and gravel, with ground-water level at 1. 5 ft pile 
* cut-offs. Wooden piles 30 to 40 ft long were driven for the building, 189 ft © 
by 218 ft, and some of them passed through the sand and gravel fill and . 7 
“yl through the mud into the hard sand and gravel sub-stratum. This was the case De 
at the southeast corner. - At the northwest corner, however, although the _— 
piles were driven through the sand and gravel fill and into the mud stratum, ; 
there was: perhaps 10 ft or more of mud between the pile-points and the 
= solid sand and gravel. A fairly good picture of sub-soil conditions may be had 
3 from the > settlements that occurred over a period of several years. The south- 
east corner settled not at all, the southwest , 3 in, the northeast: corner, 
0 in., and the northwest corner, 37.5 in. As such unequal settlements are 
diastrous, in 1913 the west side of the building was condemned. ‘It is. 
probable that if test borings had been taken before construction began, and 5 
— extra money spent for longer piles, nothing would ever have been heard 
Example 23.—The factory buildings of the Jurgens Oil Mill Works 
tine the River Maas and the Dike at Zwyndrecht, Holland, were con- 
= on made land, consisting of sand fill, hydraulically placed. In 1915, i 
the Jurgens Margarine Company (12) decided to erect on the site an oil mill — 
to contain heavy machinery, tanks, ete. Since it was evident that piles wot 


were to be loaded to only 5 tons each, there was apparently a factor of safety = 
10. Creosoted wooden piles, 20 m (65.6 ft) long were | e driven. facet, 
4 from the accounts longer piles could not have placed 


to a static load equivalent. to 50 tons per pile. as the 


resistance of 30 hows for the last 30 em em (11. 8 in.). ‘The soils through which 
_ the piles were driven were saturated and consisted of 4.5 m (14.8 ft) of ih 
il, 13 m (42.7 ft) of peat and some clay, and 5 m (16.7 i ft) of fine sand on 
“coarse. sand and gravel. ‘From: this, it “may be seen that the pile- points 
rea reached into, but did sak penetrate, the stratum of fine saturated sand, and 
: fel short of the substantial stratum of coarse sand and gravel. ‘Had the 
- piles been allowed a period of rest and had driving been resumed, it appears: 
o probable that longer piles might have been driven farther and into the sand 
1916, factory was nd by 1920 the Oil Hardening 
Building had gettled so badly that collapse was threatened. Near the center, 
_ the structure had settled 70 em (27. 6 in.). For most of the building the load 
a per pile did not exceed 3 ton s although, under the tower and tank, the — 
Toads per ‘pile were as great as 18 tons. The external loading on the piles, 
q however, must have had little to do with the settlement, as the maximum did ara 
y not occur where the piles carried the heaviest external loads. In fact, the 
piles under an extension of the floor outside the building, carrying almost no 7 
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REACTIONS 


with its high value, wa: was s settling into the bed of 17 m (55.8 


of compressible peat and clay. By its grip upon the piles the fill was push- 


Ta the points farther into the bed of 5 in (16.4 ft) of saturated fine sand which — 
ro. was incapable of carrying | the loads. The load of the hydraulic sand fill was 
estimated ‘at 15 tons per pile, which still would have left an ample factor 


of safety, had the dynamiz pile-driving formula been of any value. ts 


oe In the past, the design of pile foundations in plastic soils has, in the 


‘main, , followed standards that do not take into ponalderstion all of the e many 
factors involved in these ‘complicated problems, Although most. of the 
serious s settlements of foundations on piles have taken place in plastic soils 
even there the results have, in the large majority of cases, been surprisingly 
successful. At times, however, foundation settlements occur that are very 
st or contraetor. 
1, Even when. the best of core borings have been | taken,, classification and 
predictions as to reactions of soils on sight by the average engineer i is 
extremely difficult, if not impossible. Soils into which piles are driven rz range 
from those that heave and do not consolidate easily to those that subside - 
consolidate at once. ithin this mixtures and 


can n' develop the nature of the ‘soils and | ‘the p proper classification ¢s can 1 be yarns 
from which experience ean usually predict the result. For the average Or 


3 inexperienced foundation « engineer, however, a more reliable answer can be 


had from a combination of core borings and pile- driving and loading tests in 


The engineer who “depends convenient tabulation of friction 


who expects a static test load a single pile multiplied by the 


4 i number of piles in his foundation to equal the total load-c carrying ‘capacity, 


4 who relies upon t the results of static | load tests made too soon after driving, 
or who places « complete dependence upon the Engineering News formula 


all conditions, may be not a little surprised, at times, at the results. err ex 
a Standard pile” spacing as accepted in ‘the United ‘States: is usually too 


close for the loads applied upon - them when the piles are driven in “plastic r 
soils. If the proper ‘spacing | is used corresponding to the length, ‘size, shape, 


roughness of the pile surface, load, and the soil greater loads” 
can be ‘placed upon the piles with less settlement. af ‘Mathematical analyses 
7 for pile | spacing and the distribution of loads | to s ub- strata would undoubtedly * 


vise 


be an improvement over the usual prentions but group test , loadings se 


prove. more this is done, the formulas may be 


ing them through the peat of comparatively low friction value, and thrusting | i 
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4 REACTIONS 


of borings been taken over ‘the had die 
borings been accompanied by clear descriptions of the sub-soils, it is Teason- 
ably certain that only a few of the foundation settlements ‘described | in this 
we would have occurred, ‘since | the piles in most cases © would have been 
driven to virtual refusal 1 upon satisfactory sub-strata. . However, where the 
piles have been driven short of sub- strata on the theory that friction piles” 
support a a structure in spite | of overloaded compressible strata be neath, 
‘ite can only be stated that such a saving in first cost is very expensive. if 
any iny of the compressible strata are suspected of being peat, or combinations of a ; 


- Peat, and the peat bed is of appreciable thickness, disregard of such a warn- 


Reliable core borings should always be made_ in sufficient number 
disclose the nature of the sub- beneath the entire site, When it is 
discovered that that strata upon which the pile-points: are to. rest. are per- 
_ haps insufficient to carry the loads to be placed upon . them, ‘thorough analyses — 
and pile-driving and loading tests should be made. Ina | word, convenient ; 
of values or standards | should be viewed with distrust, 


each pile foundation presents a new problem. = ic are exactly alike. — 


: 
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teresting series of examples is presented in— this paper and the author’s 
"deductions from his study of them are exception nally clear cut. After read- 
7 ‘ing the paper, however, the writer has an impression that Mr. Miller’ makes 
‘appear that | more can given to driving and tests 


M. Assoc. M. A. Soo. (by letter). —A very 


example, to a pile will develop frictional 

+ safcient to transfer its load to the surrounding soil, or, in the case of 

piles 2 reaching a a hard stratum: through soft material, to test the strength of 

+ the piles as columns), but in the usual case it is impossible to test load 

: area comparable i in size to the foundation. _ Therefore, in the usual case, 
the results of test loadings, in plastic materials. cannot be relied 
upon to indicate expected in the finished 

al The author places great emphasis, and rightly, on a thorough _explora- 

: tion of the underground by borings. a, It is not a commentary on 


in undergrounds silt, and clay, complicated in some cases 


— by rock at depths of about 15 ft. -Borings by various methods, driven test 

piles, and loaded piles were used to explore these foundations. The period — 
r of construction of the project as a whole was of sufficient length to provide — 

settlement data for comparison with the test results _ from some of the 
i structures ) before th the final structure was completed. At the termination 

of this experience, the writer ‘summarized in his’ notebook what he had 


Ae learned about foundations. The red letter entry in this notebook is: pa. 


By far the most important foundation information thorough 


a - endintiby of the material in the underground to a depth of about twice 
b the width of the foundation; to greater depths if soft beds might exist at 
those depths. For all explorations use a method which will obtain a whole = 
sample of the material, from _ ground surface to bottom of boring, and 
compressible materials are encountered, obtain 


for laboratory and consolidation testa.” 


An expert, it is “true, can forecast 1 future behavior quite accurately by 
inspection of undisturbed samples, but the expert will reserve his opinion — 
until be the laboratory before Only the inexpert 


involved 


a St. Anthony Falls Water Power Co., Minn. 


i 4 
a discussion of this subject see, “The Science of Foundations, ” by 
— Terzaghi, M. Am. Soc. C. E., Transactions, Am. Soe. C. E., Vol. 93 (19: 29). pp. (288-291 


ae on Engr., PWA, New York, N. Y. Mr. Stowitts died March 5, 1938. 
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and data, seems to the clarification of ead 
basic considerations in the design of pile foundations. 
Ta In mixed soils, piles must still be primarily Point bearing or primarily 
friction bearing. there is within reach an underlying stratum of 


sufficient bearing capacity, the nature of the superimposed strata pei 
ng; 


it becomes to resort to a ‘qpacing | as “close as driving dian 
tions permit. _ It is then important that the piles be of as nearly a uniform — ; 
section a Possible. . Where there is such wir 
: within: reach, which will carry the load of a normal footing within its own 
n area, the piles must be considered as friction piles. A friction pile is one 
= which depends on the cone of pressure to reduce the unit load at and below 
ms point to a value. capable of being supported | by the available strata. If 
these cones of pressure intersect and overlap too much there is a waste 
orresponding to the overlap. Thus, in the case of piles, the spac: 
the spacing for by WI hangpoo formula (see | heading 


to 5.0 | represent the ‘most ‘usual pr actical answer, 
This will usually call for a larger foundation area; but not always, as the 
unit value of the piles will be higher and more uniform. » 
It seems to the writer that Mr. | Miller has drawn the wro wrong conclusion — ‘ 
from the dish- cheped settlement (see “ Spacing for Friction rind heiress: 
‘eneiiiena are more mana by t the size of the Senesuilens than by the exact 
_ number of piles. The interior piles may well be given a fairly generous 
spacing; crowding in more piles will have no effect one way or the other. 
Close spacing in the outer ring will often have the further effect of estab- 
+ lishing a cleavage plane, so that it becomes difficult to get the full value of 
the ‘supporting soil outside the pile cluster. Where one of these sotilenente 
has occurred it can be ascribed ‘more often bo: the foundation being too small 
rather than to its having too few piles. wt 


i _ Where there are many piles under a | footing, much can be done to make - 


their value high and uniform by beginning to drive in the center and— 


working out toward the edge. This throws the heaving and compacting — 
outward where one will be relatively harmless, the other helpful. . Starting ib 
at ‘the edge makes the piles | more and more e difficult to drive, ‘needlessly in 
creases the trouble with heaving, and decreases the capacity of the piles. - 
All the foregoing comment involves essentially, a friction- pile problem; <4 


such. phenomena can scarcely happen where the piles are end bearing. 


_ ing) cannot be much more » than double ‘the lower half. In heaving gape a 


& it is is important that the pile, as driven, have abundant tensile ‘strength; that 


= #4! 
4 
— 
ig 
— 
~ 
3.0 ft, perfectly correct with 
2.5 tt or 3.0 f » pe 
> ic. Spacings of 2. 
a 
q 
— 4 
— ing pil, 
iles. In an end-bearing pile, 
, are at their best as 


soils) is out of place in an incompressible soil. 
bre Much can be done to control heavi ing by the sequence of the pile-drivi ing 
Often there is one side of a foundation where heaving will be relatively _ 
harmless. starting the driving on the side with the greatest resistance 
= one against the bank, if there is one), and progressing back and forth Se 
over the long rows, the heaving can be mostly thrown away from the driv- _- 
to where it will make the minimum of trouble. takes more crib- 
: : ated more moving of the driver, but will often save several times this ca 
Loss of bearing capacity after driving often occurs, , but so does gain. * 

- Along the New Jersey shore, opposite about 50th and 65th Streets in New 
York City, there is a peat deposit as deep in Places as 210 ft; 85-ft wooden it 
_ r piles driven with a 3 900-lb drop hammer ‘must be watched closely lest — — “ 
they go below the cut-off. They will often be going down 3.5 in. at the a 
last blow with a 10-ft drop; but the next day these same piles can scarcely — 

be started with the ‘same hammer. These piles are loaded successfully to 

15 tons, despite the alarmingly small value given by the Engineering N ne 
formula. It has seemed to the writer that the nearer one comes to a pure z 

a frietion pile, the less reliable are the results ; given by this formula. ph te 

@eorce A. MoKay,e M. Am. Soc. OC. E. (by letter) —An “important 

phase of foundation engineering which has" | received i insufficient considera- 
tion, is treated in the paper. by Mr. ‘Miller. In contrast with the more 
exact determination of strength of the various parts of the more familiar 
peta, the fixing of the size and ch haracter of foundations has — 
too often been a matter of rough approximation 1 based on the limited in- 
PE formation available as to the action of somewhat comparable constructions a 
in somewhat comparable soils. If the structure stood, it was evidence “a 
judgment, and if it settled, there was generally a self-satisfying 
excuse as to unknown, unusual, and unforeseeable subsurface 
which, when investigated, were given but little publicity. | 


“a Although improvement in practice has been steady, there is, a and ‘there 


engineering are weated: dealing not) with or 
pile formulas, but with soil behavior under pile loads, this paper marks a 
toward focusing attention on this vital but comparatively neglected 


factor in safe construction. odt fone wom 


_ There was a time, and not sO many years ago, when the average ; 
engineer, in the ‘course. of. ‘designing a medium heavy structure ‘on some- 
: what questionable soil, would cease to worry over possible serious settlement 
when he to use pile footings rather than spread footings. Such a 


* e felt, eliminated the uncertainties as to soil ‘settlements from 
footings under load and rendered the design exact 
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“easy calculation convert a penetration from a dynamic a 
bearing value. Following such a ‘decision, the remaining foundation 
design was easy. - The estimated bearing value per pile, divided into the + 
total load, gave the number of piles, and the size, shape, and depth of the 
foundation followed after consideration of other allied economic and easily = 
In ‘general, two vital considerations were overlooked, and both fall within 
the scope of the paper and a are illustrated by examples given ‘therein. ii “One 
was the limit which could be placed on the supporting power of thea a) 
itself 1 to barnad the loads passing — from end bearing of the pile-points i 
. A false feeling as 
to the security of pile had gradually developed: observed 
and published examples ‘applicable to isolated pile behavi iors, such as heavy - 


Joads supported by pier piles” driven on, say, 8- ft to 15-ft spacing in ‘soft 


mud ‘eles such piles safely carried much heavy ier loads than the standard 
. formula indicated would be safe. _ Engineers knew that piles in the 


process s of being driven were ‘often, | jin some manner, lubricated, 2 and that, 
in general, after rest the skin friction increased, showed 
higher resistance and increased bearing when driving was resumed, 


knew that piles” received | support from end bearing and from skin a 


friction, but they did not know, with certainty, what proportion of 3 
_ sistance arises from each pile, nor what ne in these Proportions © occur 
after” rest and under load. These 


increased water content pressures within contracted, void in 


important point which was early was that 
; added nothing to. the supporting power of a pile foundation to drive addi- _ 
- tional piles after the area affected had had inserted in it a sufficient number e} 
of piles to produce soil settlement from superimposed loads. - Numerous ef 
examples of settlement trouble can be traced to this cause. __ a 
The second point was a lack of appreciation — that under certain condi- 
‘thane the soil surrounding a pile from which support was expected, <% 
eases where such soil was compacted or settled from other causes, would 
- re-act through skin | friction on the pile and overload it and carry it down nf 
— Ondinualy, settlements from this cause are entirely distinct from the super- 
Mew imposed load of the structures which the pile foundations are designed — 
of new fill through which the piles are driven. One serious case arose 
4 from the placing of a heavy fill surrounding a concrete stadium whieh was 
properly enough designed, with sufficient concrete. “piles” to carry, safely, 
the calculated loads from the structure, but these piles were unable to carry — 
_ the added load arising from the settlement of soil compressed by the much 4 : 


greater load from a fill placed outside of, and around, 
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driven to resist the outward movement of a quay wall constructed in 30 
water in a heavily silt-laden tidal stream. In this case the sheet-piles 


—_ 


KAY ON som 


fae retaining te fill and to the rear of the platform 

driven 40 ft back of the face of the wall, thus exposing the batter piles 
ander the relieving platform to the accumulation of silt deposits from the 
Ba stream. Routine and frequent dredging along the face of the wall would 

eave banks of soft mud under the wall held by the piles against rapid 
Bt sloughing down into the stream. — This added load from skin friction on 
o the batter piles produced settlen of the piles, and instead of resisting ~ 

the outward movement of the wall they actually assisted in pulling it for- 

ward: so that years later, after the wall had moved out- board several feet 
was being reconstructed for other ‘reasons, vation showed “open 


joints batter- caps, with about an inch 


rrent 
on such lines will be helpful. » M uch light can be thrown on this problem — 
engineers who are fortunate enough to ‘combine with their work of 
design and construction other duties of maintenance, alteration, and repair - 
of old structures. _ The exposure of parts ineident to reconstruction pro- — 


_ yides an opportunity for examination of members subjected to the test of 
years and often reveals conditions, the study of which demonstrates the | 
: accuracy or error of past standard practices. It is the accumulation of 
Bev facts which gives an engineer a background of experience leading to” 
safer construction, and inasmuch as specific concrete examples are more 
easily visualized and remembered than abstract rules, young engineers, by - 
the perusal of such . examples, can more quickly gather from the experience | 
7 others that berwepessect of what to avoid and what limitations must vn 


he The cited in the paper and the lessons therefrom are 
useful ‘they focus attention on the need for such subsurface exploration 


se by others. In the case of less costly constructions where the expense — 


subsurface exploration is not warranted, they help to accentuate the 


importance of spreading spacings on possible future ‘physical 


_ warrants, and also the need for recording permanently such data for seme - 


of ‘soil in or the ‘and thereby assist 
‘The pap paper alludes to the possibility, in some cases, of securing savings 
inet reduction in the number of piles where pile-points reach hardpan _ 
rock. In ‘any consideration of. ‘such savings careful attention should 
bes given to the adv: isability of increasing the size of the pile- point - in the | 
- end bearing and the possibility that such points may have been damaged in 
ine driving. It is also of interest in this connection to appreciate that founda- 
ton engineers know less than > they should of the permissible increase in 
safe compression unit values and in end-bearing values’ for ‘piles driven 
n firm soil where the pile "particles are restrained against the lateral 
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increase materially, depending, of course, on 
., acter of the soil penetrated. Such increases in permissible safe compression 
ia are undoubtedly considerable in| sandy or firm soil and possibly. ‘sufficient 
where piles have moderate tapers to permit the carrying capacity to 3 2. 
= determined by the safe bearing on the fibers at the top of pile. "7 Scientific 
investigation along this line would probably y bring into closer agreement 
in loads on piles as compared with small 


Present pr practices are conservative as far a as piles driven to firm bearing 


either below the piles or them, which should be 


tigated more thoroughly and studied cautiously. a 
Following thorough subsurface exploration much can be accomplished 
in certain soil combinations through the more scientific study of ae 
reactions a1 and in the placing of piles to” take economic advantage, safely, 
of any favorable factors which may be present. By securing a a better t 
_ distribution of loads to soil through a greater use of batter- piles, by lagging es 
‘piles to secure controlled lengths and greater bearing at predetermined cle 
_ vations, and, in cer tain cases involving lateral reactions, a more intelligent — tae 
use of tension piles, a closer approach to the more exact methods used for — 


design of may | be "secured. oie ease illustrative of 


od 


ial 


in California, where it i is “desired to extend — 

a pile pier to deeper piles pass es through successive layers 

of softer rock and sandy soil before hard rock is encountered. If carried 
eres rock, the steel ‘piles : at the outer er end would be long and heavy; still 
it would not: be safe: to 1 the narrow steel pile-points in any of the 
w the ‘Strata: to be fairly uniform 


rer 


rock. Semewhat similar. would the conditions encountered 
7 iil “api use of lagging might reduce to reasonable figures what 
_ otherwise would be prohibitive | costs of construction. . In softer soils lagging, 
| avoid the of long composite piles. 
Such lagging, however, is feasible only for cases ‘such as in pier construc — 
tion, | ete., where piles. and not closely spaced in clusters, and not 
where the piles without lagging carry all the load the soil would support. 
a In other cases, lagging will increase the effectiveness and value of piles 


_ The attainment of the objective of improving ‘pile ile foundation design 
practice sO as to bring | it closer to 


Tere 


the more exact methods used for ~7 | 


‘4 expansion and disruption incident to the | bn of compressive loads, 
ee As this side restraint increases with the depth to which the piles penetrate, Ha 
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structure design, is retarded by the surrounding 
and affecting the interpretation of standard pile-driving formulas which ee 
seldom take into such: vital and 1 important factors as the 


and vibrations or soil irregularities, and from methods 
oof holding a pile, | ete. In time, some of these uncertain elements will be 
better investigated and better understood. A simple contrivance developed 
by Commander W. Mack Angas (CEC), U. Ss. N,, M. Am. Soc. 0. E. (used 
“experimentally in the driving of a 20 by 20-i -in. _ concrete test pile for a 
and at the Supply Depot in San Diego, Calif., 1987), sovuned 


18 in. high, "mounted on a platform adjacent to the concrete test 
ing driven, and a pencil inserted in a socket: near the head of the pile e 
and bearing against a small spring at the base of the socket. This pencil 
- ted a line on a ‘sheet of paper mounted on the revolving cylinder surface, 
with the result that a record was secured of the exact movement of the head 
of the pile for each successive blow of the hammer. Time increments could 
be read to less than “hundredth part of a second. With a similar 
 eylinder, 6 ft long, the exact behavior and velocities and rebound of 
steam hammer were recorded and could be read in equally fine time inere- 
_ ments for all parts of the ‘stroke. _ The graphs ‘secured showed clearly the 
eonsiderable rebound of the concrete ‘pile- head to the shock of the hammer 
tow and, by proving the temporary occurrence | of tension in the pile, 
certain horizontal cracks in piles ‘driven through hard ec coral on 
a previous pier constructed a at Pearl Harbor, Hawaii. It was the intention ] 
Re: to use the apparatus in the study of the effect of variable cushions com 
: monly _ used in pile- driving apparatus, but this was prevented by lack of 
time, money, and "opportunity for further experimentation. However, the 
possibility of accurate | analysis” was established, and some day this inter- 
oa esting and _ important element will be investigated further. Any company 
or “engineer in a position to carry this study further, either analyzing 
hammer actions or efficiencies or pile behaviors can undoubtedly secure 
a from the Bureau of Yards and Docks, U. S. Navy Department, Wash- 
‘ingte on, D. details of the ‘apparatus, and information and charts covering 
the data secured in San Diego in 1927." 00 


4 Davis M. Aw. ‘So oc. ©. E. (by letter). —Quite properly, Mr. 


- Miller warns designing engineers not to depend on “some convenient, 
tabulation of friction nv: --values. A thorough study of the underlying ‘soils 
7. required. This is especially true in New York Harbor, where the most — 
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ef, design of the quay wall determined. Table 4 contains some of the obser- 
vations made over r the area of the W est 23d Street, North River Section) — 


This section extends from 10 ft south of the north side of Street 


— 


‘TABLE oF Borrom as DEVELOPED Over THE 

Srreet SecTION OF THE Norra Rive, 


AW ERAGE Deprun, In Feet, BeEtow Mean Low Water 


From:| To: | From: To: From:| To: | From:| To: 


South 1238.2 ft. 64 148 | 148 168 


! le Table 5a) shows the penetration per | blow at various depths at the foot 


of 26th and 27th ‘Streets, North. River. In this case all the piles 
straight, free of “bark, and equipped with a cast- -iron shoe. Blows 


were struck with a 1.5-ton hammer, falling 8 ft. 
fo As” shown in Table 5(b), the piles tested a are part of the completed pier 
at the foot of West 26th Street, North River. At the time of the obser- a 
_ vations the pier had been completed about one year. All the piles tested 
were in the interior, each» supporting about 16 ‘tons; they were al about % 


ft long, and the points were about 65 ft below mean low water. According 
to Table 5(a) the penetration — ‘per blow at this depth is about 6 in. and, | 
by the Engineering News formula, safe load ‘3 tons” per pile. ‘The 


er: 
piles, however, 1 were loaded to 35 tons per pile without | damage to the pier. 


They are true friction piles and depend on the skin friction to support 
Whenever. a large ship is breasted into the slip ‘around 


S a perceptible movement of the pier is observed. The piles move and bend “4 
under the of the vessel, acting as long columns of indefinite 
length. About 7 ft of their ‘upper en ends “are braced securely and are fixed 
both laterally of the pier as well as longitudinally, and they act as one 
unit. At which point below the mud-line the lower ends are held im- 2 
movable is indet te. The distance varies; each time the pier moves ” 
movable is indeterminate. e distance varies; each time the pie cal 
- the mud grip is broken and the column length is increased by an un 
‘known amount. However, as time by, the ‘Tiver bottom under 


pier is, built | up; material in "suspension in the river water ‘is gradually 


_ ®See reference to paper by the late S. Ww. Hoag, M. Am. Soc. C. E., based on a state 
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it more dense, and thus the area 0} on the ski ot: ‘eats is in- 
ereased and the pier becomes more stable. The writer ‘removed a pier 
‘TABLE 5.—Drivina Dara, Pres aT THE Foor or -'Twenry- 
STREET West Twenty-SeventH Street, NortH River 


b) B v P 


Foor or West 26TH 
56, aT THE Foor or West 26TH Street, 
AND West 277TH STREET NortH River, at New York, N. Y. 
Penetrations, in Inches per Blow, at Diameters, Pile in 
the Following Depths, of the Point, " Contact 
in Feet, Below Mean Low W Water: — j d 


4 


in pounds per — 


square foot | 


Depth, in 
feet 
Load per pile, 
pounds 
Resistance in mud, 


45 
-50 
82 
-95 
-30 
3 
8 
9 
3 


86 
97 
93 
93 
82. 
95. 


Noon 


* Computed by the Engineering-N ews formula. 
_ ¢ Diameter of point is uniformly 6 in., except as noted. 


Point resistance included. 
- the foot of Broad Street, East River, ver, where the | surface of the mud under 
~ the pier was level with mean low water. This deposit was of a very stiff 


The foregoing are a few of the m numerous observations made in w Nee 
York Harbor on piles, all of which were not driven to refusal but are 
their working loads. The pile- driving formulas are not 


plicable in these cases. cases. ‘hes fan ‘Eth 2a 


ie The observations and study of the river bottom in New York Harbor 


it. made by the Dock Department, covers more than 65 yr. The thorough | 
shady ‘made by Mr. Miller of soil reactions in “many | countries bears out 
the foregoing findings and deductions. He further stresses the necessity 
of a thorough investigation of the subsoil and a complete understanding — 
the facts is, Mr. Miller emphasizes: the fact that e experi- 
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Piles that are not driven to “refusal”, and are friction piles. — 


| 
Harry M. AM. Soc. C. . 
the author ‘states his purpose “‘to use the construction field as & source of 
‘information, and to correlate: the collected data on pile under 


piece of construction are reported. This accuracy is not always present. — The 1 

writer has elsewhere called 1 attention toa case in which inaccurate assumptions a 
the investigators into some curious errors." 
_ Mr. Miller discusses soil reactions due to iain eites into clay, but does “a 

oh cite examples of the remoulding effect on clay. The writer does not think . F 
that the results of actual construction or any published experiments can justify. a 

_ any assumption that driving piles into soft or medium clay will completely or _ 

_ largely remould it. In and around Boston, Mass., it has bebe the practice to 


—— foundations by driving piles into clay, and the comparatively few 


compacting of underlying clay beds due to the additional loads placed upon 
_: _ Driving piles into clay cannot be ‘compared | to remoulding a clay sample in 
“the laboratory. In fact, the usual close spacing of piles gives an area of soil 
around each pile of about & 5. 5 sq ft, and assuming a pile well above the point 
to be 7 in. in diameter, the pile i is found to occupy less than 5% of this area. y 
To add an example to Mr. Miller’s citations showing “Soil Reactions to _ 
ef Foundations on Piles,’ “ ’ the writer wishes to cite the soil conditions, assumptions — 
fo s of the ora- 
_ tory, @ Chemical Research Building for the Massachusetts Institute of Tech- 
Soil. —This building i is s supported 0 on which were d through about 


“through a loose sand ad, an average of 3 ft thick, and about 23 ‘ft into ‘pd 
stratum of medium blue clay. Under the tips of the piles the clay ' was about — = 
«AT ft thick where boulder clayisreached. The clay has some small quantity of . 

sand in it, in the form of layers or lenses, but the layers are seldom continuous. _ 

_ Design of Pile Supports.—The basic idea of the design was to spread the 
4 load reaching the plastic (medium) clay over as great an area as possible, in 

4 order to impose upon the clay as small an | additional loading per square foot 


a as possible. The piles were spaced so that the pressure bulbs (having a small = 


diameter in clay) did not overlap. The piles were designed to carry small a 


_ loads and were deeply embedded, in order to transfer the load to the clay w with | z oe 


a surface frictional value of about 300 lb persqft. 
Load Tests.—To develop 1 the value of skin friction certain piles were loaded — 


covering a period of 200 hr. . One pile was driven through a stratum of loose 


. sand and into 22.7 ft of clay; and after being allowed to set, it was 48 giv ven & test 


Structural Engr., Care, Charles T. Main, Inc., Boston, Mass. bie 
Am. Soc. C. E., 1933, p. 1467, et seq. 
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ELL ON SOIL REACTIONS 


of 40 000 applied lowly, without causing failure. pile (one. of a 
group) settled less than 35; in. and recovered to a total settlement of 3% in. 
fe The original condition of the clay, evidently, was not changed by driving» 
_ such an extent as to destroy the elasticity and grip on the piles . The re- 
covery at unloading was somewhat more than one-third the maximum settle- 
ment under the load of 40 0.000 Ib. The v working | load i is about 1 14 000 Ib per 
“Surface Friction.—At the foregoing loadings, the pile showed a surface 
friction resistance equal to about 900 lb per an f ft for the total test load, and © 
shout 300 lb under the proposed working lo load. nett 
&. Tests to determine the probable frictional value of a pile in soil under load — 
BS . ro whether or not the actual working load upon a pile can be transferred es 
2 to the surrounding soil safely. . This is correct whether or not the pile is a 
pat of a group. The effect of group action under certain loads is largely a 
question of what settlement occurs under the total loading of the group over _ 
- long period of time in which the moisture content of the clay may be pressed _ 
i out into the surrounding soil. 4 The question of how much settlement is per- cr 
_ missible must be answered by other considerations, and must be suited laes the 
surroundings, connecting buildings, | or other structures. bose 
To demonstrate, in another manner, the effect of driving into this 
kind of clay and the possible deformation and remoulding of the clay, a series oe 
re-driving tests were made ‘upon piles driven for the ‘support of this 
B oes Pile Values.—Re- driving values, after hours of rest varying from a 


a 


4 
of 


“medium” but was inclined toward the so soft-medium. No evidence of 


was the elasticity of the soil destroyed 


as would be the case if the clay was 


a action of clay soil, at this same build. Chemistry and nines © 


ing, when driving piles, was observed, Puan, New Bastuan 


namely, one end of this Eastman Lab- 
"oratory (Building 6, Fig. 7) joined one 

im of the other buildings (Building 2) of the group, also supported on piles driven r, 

. into the soft-medium clay. — The piles under Building 2 were 45 ft long, whereas | - 
those under the new Laboratory are 50 ft long, with the tips of the new piles - a 
as 


_ After driving the new piles adjacent to the old ones, it was found that the a 
wall and near-by corridor of Building 2 had been raised 3; in. After two years 
se: had elapsed Building 2 settled back to its original level and has remained there. - i 
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The ground surface heaved around the new the driving, but 
equalled less than one-half the displacement of the piles. 
‘The lifting action and the displacement of soil around the piles indicate 
_ that the clay around the new piles was not appreciably remoulded but resisted - 
compression to such an extent as to exert a positive pressure on the clay around | 
the new, and especially around the old, piles under Building 2. It was evident 
that the clay had sufficient stability and density to transmit the upward com- : 
ponent of the compression force to the old piles s and to raise the building slightly. 
This favorable action cannot take place except when piles are properly ‘ 
spaced, deeply embedded, and have a large reserve value of surface friction, 
i“ Pile Formulas.—There appears to be no one pile fo formula suited to all, or reven 
a to any two types or combinations | of, soils. The eng engineer will use many times, i 


therefore, the formula best known and for its deviations and limita- 


tions when applied to the largest combination or types of 
No formula is used by the writer as a rule, but occasionally, the Engineering- 


i News formula is favored as a yardstick or gage only, and seldom to obtain _ 
-_ eorrect: pile values directly. No other formula is so well known in 1 regard to 


its faults and limitations, and, therefore, so safe when used as a gage. 
a ee _ Elastic Properties—All the writer’s research in soils seems to confirm the 

repeated statement that soils are somewhat similar to “weak solids” having 

elastic properties, and must be considered as such in foundation ¢ design, 

= Economic pile design is one in which just enough piles are used to distribute 

_ the load uniformly and properly to the highest stratum capable of carrying the gy 

total load without producing an unwarranted settlement. 

Each pile corresponds t¢ to a small isolated footing or unit and has its own fa 

bulb of distributed pressure. . Therefore, the most economical sp spacing of piles” 


a ic’ is one in which the pressure bulbs are far enough apart to prevent overlapping _ 


 S of the substantial pressure lines, thus 3 using the entire area to good advantage 

and producing a fairly uniform pressure on the soil under such piles. piles 

are spaced too far apart the subsoil pressure is uneven and permits upward 

Bs movements of moisture and clay between n piles w where there is no pressure. ee 2 


NES 


_ When piles are used in medium or soft clay, it is imperative that small 
loads be given t them, and t that they be | en deep embedment to keep ‘the: 
Gy. The total load per square foot under the entire pile group must be kept re 
-_ so as to obtain as little deformation or future settlement as possible, and 


a. it is this fact which must control the design of foundations on compressible 
On 


soil rather than any result of a single pile- load test. tat 


been 
described under the heading, ‘ “Soil.” The design of the superstructure 
7a f was based upon 1 the idea that the unit loading on the deep bed of clay would — 
a 


be about the same (about 1500 Ib per sq ft additional pressure) whether piles : 
were embedded in the clay or in the sand bed above: it. This basic idea was used 
in the design of the original buildings as it was known at that time (1914) that 
the actual settlements would result from the consolidation of the clay bed 
below all fill or sand which might be found above it. be 
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Tea in 1931 and now (1937) amount to about 1.25 in. at the nay ae ta 

a end and about 2.25 in. at the other end, but with a somewhat greater settlement j ; 
at the center of about 2.5 in. A greater settlement was anticipated at the a ae 
center of the building and was allowed for by cambering the building, 
The ends of the building were up to, but had physical connection 


The older buildings which surround this new were built 
1914 to 1916 and the soil and foundations were similar to those described herein © 

is for the new Laboratory. These older buildings have settled almost exactly be 

5 6 in., one having shown no further settlement since 1927, and the others have 

had no appreciable settlement since 1932. It is anticipated that some time in Se 

a the future, these buildings, which appear to have ceased settling, will show W 

va ‘some § slight additional settlement due to the small but continued consolidation _ a 

ih The Ar point regarding these examples is that, from the very first, 

settlement was anticipated, and the foundations were designed so that the 

+ settlement would occur in the clay by consolidation and not at the piles or as , a ; 

_. proof of the | soundness" of this design is that under a number of the es, 

above the clay, and a part were driven deeply into the clay (the sand did not 

under all the length of each ch building), the’ under both 

* ay “The author’s ‘ “Conclusion” ’ is quite proper and justified, as it pene states 

the case as developed from work done. The writer agrees with most 


the conclusions, but wishes to contend that, when designing foundations, 


explorations, including the taking of ‘undisturbed” samples by boring, 
machines or open pits, should not stand in the way of obtaining all the informa- a 
OE) tion possible, especially if the soil i is stratified or includes compressible material. 


ee | Such thoroughness not only results in a safer foundation for a a structure, but 
Re i | frequently saves more than the extra cost of complete exploration, 


A case in point was the foundation for the Baltimore (Md.) Plant of the 
sail American | Sugar Refining Company. A sufficient number of borings were 


p 


canis taken to permit a closely spaced contour map being made, showing the surface 
of the sub-stratum which was capable of supporting all the piles under this _ 
group of large heavily loaded buildings. was used by the 


~ savings at many thousands of dollars in less waste of piles and in smaller cost 
the routine handling c of the piles on the job. Peg 
ori: The writer wishes to emphasize the positive pn of us using sinc tables 


q : either for driving values of piles or of following pile-driving formulas, or ort 
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a study should include certain brought forward by 


science of soil mechanics, but caution should be exercised to use only those 


- have been substantiated and proved to be applicable. id 


jaRT CRANDALL,!® M. Am. Soc. C. E. letter). —Many 
a di a are cited by the author and these should be helpful in = Be 
more logical design of foundations, and particularly pile foundations. 1 The 
accumulation and careful interpretation of information “are 1 vital to 
 @ proper checking of the assumptions now ‘made or to be made in theoretical ; 
analysis. Many o of the apparently antagonistic results can be interpreted 
readily with present knowledge of soil mechanics. ‘Some require. further 
The elapse of time under the dynamic load, during the 
is very. short as “compared with the period of actual static load. 
during driving the only data of value are those which give ‘it measure 


of the behavior of the foundation | or any part of it under static load. In 


(1) Each pile ‘must have | adequate strength to resist the stress developed 
in driving (usually several times the static load) ; 


‘ae (3) The load on the soil, created by the ini group of piles, must not re 
Requirement (1) s on the size and the 
: e and on the actual stress caused by driving. Much over-driving of 
a a _ wooden Piles has been due to to the use of /drop hammers and the application 
ee: of the Engineering News formula in determining so-called safe loads, ¥ which 
may have a factor of safety of 12, or more, thus stressing the piles beyond 
the ultimate strength of the material. Requirement (2) is measured by a 
dynamic p pile formula, o or by a load wits and Requirement | (3) depends | on 
_ the net weight of the structure and the nature of the underlying support- 
ing soil. _As a maximum over the entire area, - this imposed load is the 


weight of the structure per square unit, and this unit load can 
duced only if piles permit spreading the load over ‘a larger an and 


provided that no loads are imposed by adjacent structures, present | 
future. As ‘the author intimates, there is no doubt that many foundation 

difficulties have been due to blind reliance on Requirement (2) and com- 

of the others. Too second requirement has 


‘out a however far 


One of the most logical driving formulas is that of Alfred Hiley* 


Pres. and Chf. Engr., Crandall Dry Dock Engrs., Inc., Cambridge, Mass. 
Pile- Calculations,” Alfred ed Hiley, The Structural Engineer, Lenten 
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CRANDALL oN som, REACTIONS 


which is in current use in England: 9 sult 


in which dynamic ing; e= efficiency of the ham- 


W = weight of the striking parts of a "hammer; h=the drop, or 
of stroke; s= penetration of pile ‘per blow; k = one-half the elastic 
rebound» of the ~pile- head after blow; W = weight of pile; and 
coefiicient, or coefficient of Inasmuch as. for the 
materials in contact: valu nes of n are usually small, the writer pro- 
eliminating the term, n? ‘and has suggested the formula: 


i the actual r 


x 


2 


; and 0. 90° measurin g drop, in 
feet, and penetration, n, in inches, the allowable load is: Balan 


- “ah for a single- acting steam hamm 


These formulas ap; appear: in ie “Mass Building 


_ Equations (8) the term, k, is a a measure of the energy loss 
elastic compression of pile and soil. Evidently, for any given pile, soil 
condition, and hammer, there is a certain | height of | fall below which the 


_" does not move, hig» Which is also a measure of this energy loss due a 
a elastic compression. Based on this fact the writer has suggested the 
hing W (h — ho) 
the same as (3a): ‘ 


in ‘which h, is cade maximum drop of the hammer below which there is no 
‘Penetration. _ The value of h, for any particular | case may be determined 


readily in the field. ‘Measuring the penetration accurately for, say, four 
different heights of fall, plotting the penetration as abscissas and the 
as ordinates, these points should fall on a straight line whose inter- 


Journal, Boston Soc. of Civ. Engrs., May, 1931, p. 176. 
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CRANDALL ON REACTIONS 


the y- gives the value of Tye if the points do not ‘fall j in a 
ae straight line the test should be “repeated. _ As h » Varies as the square e of the 

- dynamic resistance, therefore, these determinations should be made when a ry 


Furthermore, the determin: ation of hy permits a verification of the 


‘The value of h, was by the ‘wetter, at Boulogne 


France, in 1938, — for 35- ft greenheart ation driven into sand with a 3080- 


at the Institute of Technology. 18 The was 26 ft 


driven’ into sand \ with a 3000-Ib hammer for a load of 22.5 short 
(factor of safety =8). | The value of h, was determined as 2.2 ft, giving, ax 


theoretical calculations of the values of k, because, 


2, Sw 


by ‘Equation (5), ae equal to 0.35 in. as compared with ae 
‘sound driving only ‘the resistance: to rapid pee 
“tration “= other words, the load on the pile during driving. This ie 
value in determining the driving stresses" in a pile. Furthermore, 
soils where the resistance to rapid penetration is the same as that to 
a slow penetration, ee formula’ can give the resistance of a pile to move- 
ment in the soil under static load. ‘This is true of sands, gravels, and 
— such permeable incohesive soils, but is not true for such soils as clays 
In clays” and silts the remolding ‘and disturbance of the 
dciving: ‘onde to reduce the frictional resistance which in most cases — 
again ‘sets up after an elapse of of time at even a greater value, “although — 
on rare occasions the opposite o occurs. In these soils there is no known 
relation _ between dynamic and he. resistance. Therefore, 
appear that the logical procedure in such cases is to base the resistance 
to movement in the e soil on “resistance. An equation 


«this ndition would take the form: 


ao = 


2 


| 


2 


4 


3 


in which “surface ; ; and f= friction p per 
unit area. Table 3 the author gives _ certain for friction, 
which apparently are taken from the writer’s paper. should be pointed 
out that the soil at Hull, England (Item No. 1)_ was not soft day, bot 


piles in railway dry oom designed and constructed for Service des Ponts 
Chaussées 
%4By Stone & Webster Ser Corp., October, 1937, Pile Z 240, New Architectural we, 
Journal, Boston Soc. C. B., May, 1981, ‘Table 4, 
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getually stiff blue clay which makes the tabulated value of 1 850, lb per 
ft appear 1 more reasonable. Furthermore, the writer verified certain 
data of pile- -pulling tests at Boulogne-sur -gur- -Mer, France, where a value 
equal: to, or greater than, 1800 lb per sq ft was found for stiff clay. In 7 
some ‘tests the friction per er unit area decreased depth; in others, it 
jnereased, and then” became constant. Therefore, friction tests should 
i be made for each locality and for the lengths of pile used unless other — 
tests -are available for the s same > soil and locality. E ven then, corroboration Lo 
by test is advisable for any important foundation. “howd : 
writer's _Temarks have been concerned with the 


group of piles in close zones of stress causing more 
portant stress concentrations at greater depths. The writer cannot 


agree with Mr. Miller regardi ding the value of load tests” on a group of 

piles. _ Admitting that such tests on single piles can give no measure of | 

the settlement of pile foundation, particularly where under- 

laid compressible soils (because the load caused by a single pile 

is distributed over considerable area so that the time-settlement effect” 
is infinitesimal), the same is true of load tests of small groups of piles 
forming part of a larger foundation, although to a different degree. 

t The settlement for the group would be greater than for a single pile, — a 

but it would not be comparable to that of the entire foundation. ee 

suming a a structure of infinite extent, the additional load on the soil, 

whether or not piles are used, would be equal to the weight of the 4 
“structure per square unit, less ‘the weight of any excavation. If the 

weight of material excavated is equal to the weight of the structure 

there would be no additional - load and, hence, no comparative settle- 

_ ment. On the other hand, if there is a net load increase and the _ 

structure is “underlaid by such compressive soils” as clay and silt, 
there will be settlement. The magnitude of this settlement can be 
- predicted only after an accurate exploration of the soil and a settlement — 

The author has cited cases which soil has “heaved,” others 

of subsidence, again, cases” of no evident movement. This” action 
‘is a result of the soil structure. The voids of clays and silts are usu- i 
‘ally filled with water and, being ‘relatively impermeable, cannot be com-— 

pressed during the > short period of pile-driving, so that the soil must be 

displaced ‘equivalent to the volume of the embedded piles, resulting in 4 

“heaving.” compact sands and gravels, piles cannot be driven with- 

displacing the soil, causing “heaving” either by driving process 

alone or with the aid of jetting. In loose sands, gravels, and fills, the 
action of drivin ring tends to re- gl the soil particles into a more com- 
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reduction in voids. Where of several kinds soil are pene. 
trated, a a combination these effects may take place. 
In cases where “piles” are driven through incompletely consolidated « soil 
oa to a bearing in a more resistant one, there are certain special conditions — 
be considered. The imposed load on such a pile would be trams: 
ferred through friction the upper layer, and largely through end 
bearing in the lower one. | However, as the upper layer continued to 
under its « own weight, eventually it would cause an 
tional load on the pile through friction, so that the load carried by ~ 
point would amount to the superimposed load on the pile plus the total 
frictional load imposed this _ consolidating layer, and 
7 settlement. This has been observed in Holland and is a factor in prs 0 
al fhe profession has given much attention to refinement in the 
> sign of structures, all based on certain assumptions: as to rigidity of — 
foundations, while all frequently the foundations only super- 
per- 
ficially considered and empirically yet the settlement of 
foundations may completely vitiate the assumptions in the super- 
ture design. it seems to be particularly this point which Mr. Miller 
desires to emphasize and which merits serious thought. The mere driy- 
tue ing of piles t to some resistance does not, by itself, constitute a solution. 4 
‘The question of foundation design and its limitations should be 


first consideration, after which definite conditions _ affecting super-struc- 


M. 21M. Am. Soc. C. E. (by —One of the most inter 


foundation to solve. Perhaps 1 no other work has given as little 
~ a actual study by the mass of ‘engineers a and architects and in no other field are = 

- mistakes es repeated s so so persistently. The v very general attitude seems to be that _ ce 
brains are needed to design and build a structure but that almost any one 
a drive piles into the ground, and that once driven the matter is settled for all 
time. The courage of ignorance has been so. general that the writer 
tempted and wrote “Soil Reactions in Relation to Foundations on Piles” in 
_ the hope that he might emphasize in simple terms, and in readable form, why | 
some of the commonest mistakes occur. If he has made a few of the ‘most — 
_ dearly cherished fallacies seem questionable, something may have been accom- 
4 plished. The discussion of this paper has been | most | considerate although by 
7 is Mr. Hill feels that the writer g gives more weight to pile-driving and loading 
tests than he should. Perhaps the thought was not well expressed. In sub-— 
q stance, its should have been much as follows: In impervious soils or combinations — 


= pervious s and impervious soils, the » commonly used “yardstick,” the dynamic 


_ pile-driving formulas are of but small value whereas the test loading of single. se 


piles is not much better; nor is the test loading of single piles, a cluster or mat | 


Project Engr., PWA, Cincinnati, Ohio. hi angle 
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soils, if done too quickly after driving. If, however, a cluster is test- 


 Joaded after a sufficient lapse of time to allow for some re- arrangement of the = Le 
oil particles, even if the cluster is no 
the foundations, the results will more nearly approximate those of the founda- 
- tions than those indicated by the dynamic formulas, single-pile load tests, or 
testing the cluster, or mat, immediately after driving. Test- loading 
group as suggested should offer an improvement over the usual methods, but 
‘The writer wishes to concur particularly in | the closing sentence of Mr. 
Hiill’s discussion which states that “only the inexpert are courageous enough 
to proceed, where compressible materials are involved, on n the basis of inspection | 
_ Mr. Stowitts advanced the thought that the order in which piles are driven | : 
js an important factor in the final result. . Such matters appear to be lost aa 
fg of in favor of apparently ‘more important considerations; but, if mis- 
handled, they 1 may become of as much importance as any other factor of the 
a problem. The sub-soils underlying any two projects are never exactly alike: 
In one, it may | be advisable to drive alternate runs of piles and return a second 
2 time over the same ground; in another, as suggested by Mr. Stowitts, it may : 
be well to begin driving at the center and work outward toward the edges; pend = 4 
in another, it may be best to work uphill rather than down, or vice versa. —* , ; 
any case, careful consideration should be given to the control of heave and to 
| lateral movement. Broken, cracked, or pinched piles have resulted from this a 
in sufficient number to warrant thoughtful planning. = = 
The writer agrees with Mr. Crandall that the dynamic pile-driving formulas : 
‘should be used only where piles are driven in sands, gravels, and such incohesive oe 7 
Ps soils, and also that his modification of Hiley’s formula offers more dependable — 
results than can be had from the generally used Engineering News formula. 
D On the other. hand, he feels with Mr. McKay that the unknown effect of the _ 
use of the several kinds of driving cushions of different thicknesses and different j 
materials should be more thoroughly examined. ned. That this factor affects the 
Tesults in considerable but ¢ 
many engineers give the matter consideration? 
me use of Equation (6) for the resistance to movement of a pile through ah : 
lays, silts, etc., appears logical provided the friction value of the soil and the 
t type of pile are known within reasonable limits. Mr. Crandall states that —_ 
“friction tests should be made for each locality and for the lengths of pile u used b- 
unless other tests are available for the same soil and locality.” 
—— Sub-soil formations may lie fairly uniformly under a project site, or e they 
q may change radically within a comparatively small area. If the former is 
found to be the case one friction test should be sufficient; but if the latter is true 
the number of friction tests should be governed by the conditions. As an 
a example, refer to the writer’s description of the sub-soils underlying one of — 
_ the buildings of the I Laurel Homes Housing Project, in Cincinnati (see heading 
ee erage Practice”). 7 In the space given as 35 by 150 the use of Equation (6) _ 
= would insure equal settlement, or no settlement, only if at least six or perhaps 
friction tests were made. H Howev er, as equipment installations 
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MIL ON SOIL CTIONS. 
a large part of of the cost of such tests a few added tests would affect the out ati 


Mr. Sawtell states that the writer has cited no examples of the effect of the a 


of clay during pile-driving upon subsequent settlement. This is 

quite correct, due to his inability definitely to connect effect to this cause. 
In fact, he agrees with Mr. Sawtell that “driving piles into clay cannot be _ 

compared to remoulding a clay sample in the laboratory,” and that “he [Mr. de 


_ Sawtell] does not think that the results of actual construction or any published = 
_ experiments can justify any assumption that driving piles into soft or medium 4 
clay will completely or largely remould it.” In fact, the writer’s observations 
incline him to the belief that, although some Temoulding of of the clay surrounding - 
a pile undoubtedly o occurs during driving, the soil particles re- re-adjust themselves 1 
after driving so that, in time, the effect of any remoulding disappears. Further- 
more “the e slow but st sure compacting of f underlying clay beds’’ is a characteristic q 
of this type of soil and furnished a more logical reason for settlement than the — 
Although insistence should come from engineers that more thorough soil 
os _ investigations be made than is customary, it should go further than that. A 
_ So long as contracts for borings or open-pit explorations are let through com- — 
: petitive bidding to the low bidder, with little regard for his knowledge and _ 


experience, will of the foundation work be based on 


classify | soils; but» many times ‘this i is s apparently not the case, , judging fin 
results. It has been the writer’s experience, so many times, to work with 
boring records that subsequent ¢ construction has proved to be inaccurate that va | 
looks with : suspicion upon any records of soil unless he is 


care can “scarcely be taken to 
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MEASUREMENT OF DEBRIS-L STREAM 


WITH CRITICAL. DEPTH FLUMES 
By H. wen * EsQ., JOHN COTTON,* EsQ., AND” 
Witt Discussion By Messrs. R. L. PARSHALL, MARTIN" Mason, Epwin 


FULLER, Haroup K. aw Frep D. Bow Lvs, Harry F. Biansy, 
C. Stevens anp H. G. Joun Corton, AND 


berdens of erosion in n streams of San Dimas Experimental 


q Forest, in California, have been found to cause substantial « errors int in measure- 7 


less than 100 acres, below of which i is a 


ed through either the Parshall flumes or V-notch weirs, according to ‘the 
ro volume of flow. Its débris content can then be measured in the reservoir, and 


5 the clear water can be measured as it passes over the flat-crested weir of thedam. _ 
He How ever, there are numerous other points on the water-sheds below which = 
the e entire dependence is placed on the Parshall flumes or V- -notch we eirs 
for the determination of stream flow. © Due to the presence of large quantities of ; 
A eroded material in all heavy flows, the results at these points have been some-— 
3 what erratic. _ This w as due largely to deposition of débris on the level approach i . 
_ to the throats of the Parshall flumes during the falling stages of the stream flow, 
= and to the filling of the weir boxes Del silt which soon put the V-notch weirs 


The experiments in this paper were conducted with the consulta~ 


tion and under the superv ision of E. W. Kramer, M. Am. Soc. Cc. E, , as Re- ae, 
- sional Engineer | (California Region, United States Forest Serv ice) now (1937) + 


¢ Regional Director (Federal Power Commission, San Francisco, Calif.) and ar ; 
Glivioulturist, Calfernia Forest and Range Experiment Station, U. S. Forest 
unior Forest and Range Experiment Station, U. Forest: Service, Berkeley, 
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under the authority of Professor E. I. Kotok, Director, ond Kraebel, 


Project Leader, of the California Forest and id Range Experiment Station (United — 
States Forest Service). The objective was to improve the present gaging 
stations so that they would yield reasonably accurate results with bed-load ho 
material present in the stream measured. Included in the study were also 
tests of the Parshall flume as constructed in the Experimental an to | By : 
its with clear and loaded flows. — 


to The California Forest and Range Experiment Station has instituted an 

__ intensive program of investigations for the purpose 0 of solving problems con- 


_ cerning g the. inter-relationship of mountain vegetation and water, with the ob- 
a Brno e of developing methods of water-shed management which should provide — 
a maximum yield « of usable Ww ater Ww a minimum ¢ of soil erosion. These studies 


are e largely concentrated in the San Dimas Experimental Forest, rs chaparral 


Fis. 1.—Larce Gacine SraTIon, San Dimas Experimenta Forest; ParsHaLt FLUME AN 


- covered mountain area of 17 000 acres in the San Gabriel Mountains, | approxi- 
= 30 miles east of Los Angeles, Calif. ee 


In connection with studies of other phases of the problems, analyses hs have - 


been made of rainfall-run-off ratios in seventeen drainage basins of various 
areas, from 0.06 sq mile to 14.1 sq miles. 


‘Rainfall averages | for these water-sheds, obtained by means of a . system | of 


‘within 5 to 10% for the large areas, and from 3 to 5% for the small, intial : ; 


studied water-sheds. To date, , however, stream- -flow records have been of 


4 greatly inferior accuracy, due to the presence of quantities of eroded material i in : 


_ all storm peak flows. _ Deposition of this material results in erratic and unde- 
-_pendable volume measurements in the gaging stations. 
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§ lies of the seventeen gaging stations completed at present (1937) 1 were 
na constructed during the course of a single dry season from designs bs based on the : 
é best existing practice . (To the writers’ knowledge, no control flume or weir had 
been designed previous to this time, which would operate as well as the Parshall 
flume in measuring silt-laden flows. ) In each case a Parshall flume,‘ of throat 
width (3 ft to 30 ft), sufficient to handle the largest: probable flows, was built to 
Z operate in conjunction with a 90° V-notch weir, intended to measure small 
continuous flows. Measurement of water ‘stages i in| each i is made ade by a continu- 
In the design of Parshall flumes for the Experimental ecseviend minor 
modifications had been introduced, in order to increase their capacity and im- 
prove their efficiency in ‘monsuring 1 silt-laden flows. The rising floor section 
_ down stream from the throat (see Fig. 1) was replaced by a downward sloping _ 
‘floor, the converging sections were lengthened, and the walls were increased in ry 
Storm flows during the first rainy season following construction soon m demon- — 
stented the inadequacy of this type of control in measuring flows containing a . 
substantial bed load. Even small post-storm streams carried enough sand and 
gravel to fill weir boxes quickly, and to build up a deposit on the flume floors so 


4. 


that they no longer functioned as critical depth meters. It is believed that the 
gs -flumes should still measure large flows with reasonable accuracy, as the effect 
4 oof bed load would constitute a much smaller percentage of the total flow; _ 


as the stations stand at present they fail to give a satisfactory measurement = 
_ small and intermediate débris-laden flows, which. form the run-off rein 
a Below the gaging stations, at each of the smallest, intensively studied water- _ 
sheds, is is a cement- -lined débris reservoir. ~The water depths measured in this 
“a basin and over the broad-crested weir spillway afford an efficient check on . 
 stream- flow measurement, in some | ‘cases the only reliable data on 


PURPOSE OF THE 


the request of the Regional Engineer, the experiments deserted in in this 
_ paper were set up in March, 1935, with two major objectives: (1) To test the - 
s effect of construction modifications on the rating of Parshall flumes in the San — 7 
ik Dimas area; and, (2) to adapt the present stations to measurement of flows of i. 
all sizes, ‘either by improving the débris-transporting characteristics of the 
ie Parshall flume, or, failing this, by attempting to develop a control flume that — a 
_ would function satisfactorily under a wide range of conditions and might be 7 
used in eS = the present stations to measure flows of intermediate 


EquipMEnT 
Through of the San Dimas Water Company and the Los 


Angeles County Flood Control District, water from the San Dimas (flood- 
_ «The Improved Venturi Flume,” by R. L. Parshall, Assoc. M. Am. Soc. C. E., Transactions, Am. 
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Fic. 2.—PiLan AND SEcTION oF San ] Dimas ExpeRIMENTAL FLUME, PosITION oF 
Controt Weir, EXPERIMENTAL FLUMES, AND Rart BAFFLES 


control) Reservoir was made available for experimental purposes, in any” 3 
24 quantities desired up to 250 cu ft per sec. EE 2 
“ Below the outlet gates in this dam was constructed a water-tight timber 
flume, lined with tar-paper, 16 ft wide, 6.5 ft deep, and 80 ft long, t beyond the — 
end of ashort concrete channel leading from the sluice-gates. ~ At the end of this 
4 section of flume was installed a 16-ft sharp-edged, steel suppressed weir, set level 
with a maximum variation of +0. 001 ee By the installation of & additional — 
~- and short vertical sharp edges, this weir could be | . shortened to form i 
acontracted weir of any desired length, 
oy Beyond the weir the structure was continued, narrowing to a wid 


7 = for 155 ft. At the weir, the floor of this section is 4.5 ft below that of the — 


Dan 


Cunvzs 


- 
| — 
“Fie. 3—G Dimas 
— | 


mia channel; and a second | drop of 6.8 ft occurs in the middle of ‘the ‘ow 


structure. _ Experimental flumes were installed here and at the down-stream ~ 
--2 of the structure. Figs. 2 and 3 show the design anda general v view of the 
i Water "depths over the weir and at both experimental controls were measured — 
- in 1-ft iron stilling-wells, by means of milliammeter point gages designed by the a 
fy - Staff of the Experiment Station, and accurate within + 0.001 ft. In addition, 
1 water-surface curves were plotted by the use of metal strips tacked to the walls — : 
of the flumes being tested, at horizontal intervals of 1 ft and at vertical inter- er * 4 
vals of 0.1 ft (see Fig. 4). ia i 
Rh every test made, at least two flumes were rated simultaneously at the — 
two stations constructed in the large test flume. Tests made with various _ 
~ experimental structures in the San Dimas test flume, listed in | chronological Es 
order, and noting the length of weir used as a control for each test, are as 


Pi as flail using flows from 14. 08 ¢ cu 1 ft per sec to 234.5 cu ft per sec: (1) Same 
- design as that adopted in the Experimental Forest gaging stations, with level 
fe floor in converging section; and (2) same design as that adopted in Experimental 
Forest gaging stations, emept vaaie the floor of the converging section was 
given a 5% slope. 
a 


‘Fie. 5.—PARSHALL Duston, 45-Deoree a 1-Foor ParsHatt Fiume 
5 _ (B) One-foot flumes with 3-ft contracted weir as control, using flows from 
oO. ll cu ft per sec to 16.0 cu ft per sec: (1) Rating with clear water: (a) Level 
floor i in converging section; 45° wing-walls extended from up-stream end of — 
flume ¢ to walls of 12-ft channel; (b) floor of converging section on 5% slope; 
¢) floor of scotion on 3% slope; (d) level approach floor, 
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DEDRIS-LADEN STREAM 


Fig. 5). ‘This fillet design was | by Mr. Parshell for the Purpose 


section, wing-walls extended parallel to each other from the up-stream end of S 
the flume for 10 ft, instead of diverging as 45° wing-walls. alls, me) Rating with 
débris-laden flows: Samo inatelations as in Item B-1. oop) 
_ (C) Six-inch flume, with a 3-ft contracted weir as control, using flows sis 

ie 0.20 cu ft per sec to 2.71 cu ft per sec. ec. The purpose of this test was to ascertain — 
the effect on the r: rating formula of entrance conditions: radically different - 

a ‘standard. This flume was installed in the side of the main structure below the 
; lower 1-ft flume, and with its axis at right angles to that of the main structure, os 
result was turbulence and an abrupt change in flow direction, 
i _(D) Three-foot flumes with an 8-ft contracted weir as control, using flows 
from 0.62 cu ft per sec to 53. 52 cu ft per sec: (1) Level floor, but witha series of q 
= fi low fillets along the floor. These fillets were triangular in cross-section, tapering re 


in height from 4 in. at the — end of the fume, to 1 in. at point 1 ftup 


. studies, a new type of measuring flume was developed, which functions as 4 : 
wae = weir in which water depths ar are measured at a point in the fume 


aul 


Stilling Well inlet i 


Dam Desicn FOR San Dans Resse Crrricat-DEpra 

“down stream of the section in which critical depths occur. In Fig. 6, for ex 


ample, by denotes width of measuring | flume; of channel 


and to keep its floor scoured clean. This flume differs i in function, 
__ § Memorandum concerning the effect of fillets placed against the walls of the converging section of a 
Same, by L. Parshall, U. 8S. Bureau of Agricultural Engineering, 


and set at an n angle of 45° from the floor to the converging side walls ite 
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tion of material in the back-water zone above the flume’ s 
transition. Because of the necessity of measuring loaded flows, no ¢ conven- — 


obliterated by accumulated débris. ‘Therefore, a standard flume transition was 
constructed in the new flume to replace the bottom contraction. = __ ‘i a 
f. The transition is the cylinder quadrant (see Fig. 7), described’ by Fred _ 
Scobey, M. Am. Soe. C. E. .» in 1933, with a radius of curvature equal to te 
width of the flume. This type of transition was adopted because of its simpli- 


| 


Down Srream; 1-Foot Recrancutar, Criticat-Dupra Fuvus 


2.71 Cusic Feet per SECOND 
city and relatively short length, and because, according to Mr. Scobey’s experi- _ 
the head loss it in most cases, be x no greater than in 
Julian 

Hinds, M. Am. Soe. C. E., in 1928. it? toeant 

_ Below this transition the measuring flumes tested were either rectangular, as 

- shown in Fig. 8, or trapezoidal in cross-section, with a floor laid on a 3% grade. 


_ The trapezoidal flumes had a wall slope of 1 on 0.25 (see Fig. 9), the object of 7 


Fronsactions, Am. Soc. C. E., Vol. 101 (1936), p. 1195. ut 


Agriculture, 
q *“The Hydraulic Design o of Flume an e and Siphon ' Transition, » by. Julian Hinds, Transactions, Am. Soc. aw hd 
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STREAM FLOW 
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_ low flows, and to attempt to hold critical depths at points close to the “¢ 


or to the down-stream end of the entrance transition. 
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ia The up-stream m end of the 3% floor in each flume is emai ‘by a short ah, 
ees over on to a level approach floor. In the test flumes, the approach — 


Wy 


floor was covered with gravel at stream grade (about 3 per cent). . Upstream — 
the transition, parallel or diverging wing-walls are carried back a ‘short 


| 3% grade was chosen for the floor slope within the measuring flume 808s 
toi insure maintenance of stable flow conditions, well below critical depths, veven 
for shallow flows of water containing sufficient débris to raise the coefficient of 
hydraulic friction of the flume as high as n = 0.025. Although this allowance 
may seem liberal, it was considered necessary because of present inadequate 
7 knowledge of the quantitative influences of transported material on flow — 
- characteristics i in flumes. The only disadvantageous e effect of such a floor slope 
lies in its increasing velocities which tend to reduce the sensitivity of the instru- 4 


ment to small changes in flow. This effect may be minimized, however, by 
locating the stilling-well inlet reasonably close to the section in which critical 
depths occur. Furthermore, any such reduction in depth variation per unit it 
= _ of volume variation is largely compensated in practice by the facts that any 
error in measurement of head causes only approximately 1.3 times that error in 


a: computed volume; and that velocity of approach has no effect, theoretically, alk. 


Preliminary ratings have been made for three sizes of flume in both the 
and trapezoidal designs: 1, 2, and 3-ft widths in the and 
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ie 5, 1, 1, and 2-ft bottom widths i: the latter. The 1-ft Susses we were venied by 3-ft 
F and 8ft weirs; the 8-ft weir was used also for the larger widths of the flume. - 
A 1-ft rectangular flume with a level floor was also tested, in order to verify 
: the similarity in n discharge behavior between this type of control flume anda | aie 
In each test run, gate-openings in the dam were controlled by a staff member : 
‘of the Los Angeles County Flood Control District, who was in continuous com- 
i munication with a co-ordinator at the test-flume structure. To start the run, 
a the gate was opened enough to fill all the basins in the test-flume structure, and 
then lowered to a small fixed opening. the flow had reached stability, 
by constant point-gage readings at the lowest experimental flume, a 
signal was given and six to ten depth readings were made by separate ony all 
a at each point-gage, noting times of reading to the nearest } min. Other ob- 
servers plotted the water-surface curves in each flume being satel, and recorded — 
the water depths in the channels up stream. Staff gage readings were also 


- taken at the weir as a check on the point-gage, and current-meter velocities for p 


7 larger flows were measured to check the weir rating. After the completion _ 
4 point-gage readings | for each stabilized flow, the gate-opening was increased — 


measured to insure e the ‘procurement of curves. For the 6-in. > 
- Parshall flume only seven points could be taken; but ut for each of the | others ten 

fifteen separate volumes were measured. 

Complete ‘stability of flow through by ‘the’ 


of water available behind the dam. Formulas used for the control weirs were: 


For the 16-ft weir — 8 "ug 
4 


in ‘in which = the crest the ‘bottom: of the channel. ny 
a though no volumetric or other completely reliable rating could be made of oll _ 
JS weirs, their accuracy is | believed to be well within limits Tequired | = the study 


. tangular San Dimas flumes, a stream- bed mixture of gravel and sand was 7 is 
dumped as rapidly and continuously as possible by six men with two wheel- J 
: barrows into the channels just up stream from the flumes tested. — In each ca case, ib: 
Be ssegt depths in the flumes were measured first with a stabilized flow of © 
water; then, with the same rate of flow, débris was added as Tapidly as 
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aia from large constructed above the Same just up ) stream: 

_ from each flume. It was found difficult, however, to fond débris = 
formly from the bunkers, because the material became packed. = We 
In computing results, all point- gage I readings for each stabilized flow were . 

and checked with the « corresponding. staff-gage reading or the water- 

- surface curve, and rating curves and formulas were obtained from the resulting — 


average points. Variation of individual readings from their average seldom 
_ Computations ¥ were ‘made of velocities and energy gradients within each S 
~% flume, in order to determine energy losses attributable to the transition and to 
7 "friction and turbulence within the flume. The results were not satisfactory, — 
_ probably owing to centrifugal effects in curved flow. However, as nearly as 
_ could be determined, losses through the transition and flume appear to be small, 3 
* All calculations were made with a 50-in. slidetule and an electric calculator. 
Computed discharges obtained by “ “least 8 squares” were re checked against “a 
straight line drawn ‘through logarithmically plotted, observed discharges 
’ ks Rating curves and formulas were computed for the flumes tested, and ¢ com- 
pared with Parshall’s ratings of his flumes. The significant results of the ex: y 
are shown i in Tables pean 3, and summarized a as follows: ‘ha 


ate 4 
The logarithms os all: rating | points fit a straight line with 


tions which exceed 5% onl ‘in the 6-in. flum . |... 
(b) For: a 6-in. y ‘ok 


pee 


Increasing the ai of the entrance section of the Parshall flume and ana : 


ing the floor of the outlet have little effect, any, on the discharge” 


_(c) Flow in Parshall Games, at depths as great as twice those originally 


rated, conformed with no increased error to computed rating formulas. 


Alterations the Parshall Flume.—The rating with clear w water may 


= (1) A 3% | to > 5% elope i in the floor of the converging section resulted in 


through the flume. All r quantities flowed at. depths greater than 


 eritical, giving smooth rating curves with discharges for all heads wanmaiee 
ntroduction of fillets of either. declan resulted in discharges somew hat in 
- > excess of standard ratings. In the 3-ft flume with multiple fillets, low flows 0c- 
_ curred at shooting velocities, and at all stages a slight drop was s perceptible at 
he of Débris on the Altered Flumes.—Excellent transportation of bed-load 

x resulted as long” as shooting velocities occurred. At higher stages, _ howeve 


normally slow velocities, débris movement was reduced. 
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DEBRIS-LADEN STREAM now 

“4 introduction of fillets somewhat improved the transportation of fine material, 
J Tiel ser failed to be ‘effective for bed-load r: ranging above fine gravel in coarseness. a 
3 _ When bed-load was present in the flow, observed discharges were erratically _ 

in 1 excess of normal values for the flumes at all Saige pk tested (see Table de 


| | Rate or Fiow, Q, 1x 
Cusic Ferr per Seconp Cvusic Fzer rer Seconp 
Devine | Cente 
linlet, in | Com- | (Column “tion 
feet served * puted* (2)— | 


or PARSHALL FiuME, 3% Froor, | IN Turesw-Foor ParsHAL 


pa 
5 | +0.30 


THREE- CritTIcaL- 


Sa 


3.89 | 3.90 | —0.01 | — 03 || 0.683 | 13.73 | 13.80 | 
| 1381 | 9.37 | 9.37 | 0.00] 14a] 0.780 | 16.11 | 16.32 | —0.21 
1211 13a | 0.968 | 21.33 | 21.41 | —0.08 


0.603 | 


__ * Observed head is for flows containing bed-load material; observed discharge is based on control-weir : 
and computed discharge is based on San Dimas ratings for clear water. Tf 
flume built up to 25% with bed-load material. 


_ These findings support field observations ‘made a at Experimental Forest 


gaging 
_ stations, where it was found that bed-loads are transported through Parshall — 


flumes only at high discharges. Low flows carrying loads cause deposits of 
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— Points of Critical Depthy 


1 


 10.— Waren Surrace Curves ror a 1-Foor Racrancvtan, por aif 


Pe 
a sand and gravel on the approach floors of all these flumes, and prohibit the use 


ares 
of notch weirs by similar deposition. These facts result in ‘serious errors and 
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High- Velocity F lumes (San Dimas Design): 
Flume Floor. — —Surface waves occurred in this flume (see Fig. 10), because a 
“level floor does not supply gravitational energy to replace that lost in friction; - 
therefore, the depths fluctuated at about the critical, within the flume, The i 
resulting lie on either side ‘of 8 curve represented by the formula 
_ which is the theoretical formula for a broad- crested weir. The rating i is un 
- satisfactory, | as deviations of individual points from the curve are as great as 
15% (see Fig. Furthermore, addition of débris caused the 


Rate of Flow, in Cubic Feet per Second 


‘Fie. 11 Curve For a 1-Foot RECTANGULAR, — 
WITH Levet Fioor an 
As shown in » Fig. 10, critical depths ay at points near the. eae é the 
where relatively parallel flow occurred. For the measurement of clear 


with its floor set at a critical slope, so that parallel flow would be established at 


the critical depth and a rational formula might be applied. pw ‘However, flow in 
_ such a flume would be v very sensitive 1 to small changes ir in floor friction or to the 


which still remains down stream o 


Ww ater-stages measured in these flumes. 


4 


= 
- in which C = an empirical constant to correct for the effects of floor slope and — 


of energy in the Based on present tentative ratings for 
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4 ditions, lume Floor.—' With a small 
Rectangular Cross-Section, and 3-ft rectangular flu flumesgave 
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D&BRIS-LADEN ‘STREAM FLOW 


TABLE 2.—CoMPARISON OF Compurep wiTH OBSERVED DiscHARGEs In 1, 
2, 3-Foor RecranauLar San Drwas FLuMEs 


Rare or Fiow, Q, wen 

Cusic FEer PER SECOND 
cent- 
devia- 
tion 


served 
head, 
at still 

. | well 
finlet, in 
| feet 


Rate or Frow, Q LIN 


Ob- Cusic Freer per 


served —_| 
(2) 


Read-| 
ing 
No. | 


| Devia- 
tion 

(Column 
2)—- 


puted 


served 


Column} Column 

me 


<A q 


(a) One-Foor Fiome: (7a)) 


(6) Two-Foor Fiume: (Equation (76)) (Continued) 


—0.03 

+0.03 

+0.05 

—0.02 

+0.02 

+0.01 

+0.01 

—0.08 

11. ‘81 —0.04 


4.48 
+3.15 
+1.85 
—0.44 
0.00 
+0.26 
+0.12 
+0.11 
—0.74 
0.34 


+0.02 | +0.17 
—0.08 —0.46 
+0.58 


| 


Tunzz-Foor (Equation (7e)) 


(b) Two-Foor Fiume: (Equation (7b)) 


40.02 | 41.31 
+0.01 | +0.22 
—0.10 | +1.08 


0.188 


.. 


witha, sim lified ex ressions of | E uation 5) are: 
nplified e pre oq (5) are: 


‘For the 1- ft flume: 
2-ft 


for the 


for the 3-ft flume: 


On the basis of computed deviations based on stilling-well re readings, 
“considered conservative to believe 


final of th 


are plotted in Fig. 12. 
it is 
that this type of control flume should be : at 


least as accurate for field measurements, especially of débris-laden flows, as 
any standard measuring device now in use. 


‘its accuracy and the applicability of the formula must be reserved, 


However, final conclusions as to 


e flume i in smaller and larger 


4 
149 
iii 
— 
— 
| 
4 age 
he — 
ma 
| | 0.925 | 11.80 | 11.82 
3 | 0.245 | 0.96 1.242 | 17.28 | 17.20 
| 0955 | 5.98 2'262 | 36.49 | 37.00 | | 
| 
0.131 40.04) 4261 | = 
= 0.523 =0.06 | -067 
j | 0.660 +0.06 | +0.51 — 
1.53 | 1.55 0.891 -0.05 | -0.29 — 
0488 | 4.54 4.55 1.105 +013 | +067 — 
§ 1.256 +0.23 | +0.88 im 
O | 2.145 | 5 01 | +0.02 + — 
he dths, the general formula 1s as follows: ia 
th r B in 1, 2 and 3-ft flume © — 
| 
4 
al 
n). 71-245 — 
(5) 
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an Computed critical depths lie on the curved water surfaces ( 
down stream of the transition. A line drawn through these depths is relatively _ 
straight, but lies at an angle of approximately 30° from the vertical. These — 
sults are similar to the findings of J. G. Woodburn,® Assoc. M. Am. Soc. C.E., 
| when he tested broad-crested weirs with a crest slope of 2.6 percent. In theSan 


..@ 


> 


13.—Warer-Sunrace Cunves yor RECTANGULAR, Fiumes 
-Crested Weirs,” by J. G. Woodburn, 32), 


= 
“a 


~~ 
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j 
Fiumes 
— 
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— 
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Dimas: flume, true critical depths, as indicated by the inversion of water-surface 
ae curvature (Fig. 13), actually lie closer than omnes to a line vertically above | 
—~ down-stream end of the entrance transition. _ These locations were roughly 
i by computation of the true critical depths, attempting to corre t ap- 
proximately for centrifugal a action in curved flow. 
‘The remaining slope from the vertical of a a line through true tell depths : 
: _ may be due to shortness of the intake transition. It is believed that critical — ; 
depths would remain closer to the “crest” if the transition were more gradual. 
This belief is borne out by the locations of critical depths in the Parshall flume, 
and on broad-crested weirs with gently sloping ramp sgprenim, as tested by 7 
‘The addition of as much débris - could be fed continuously to these flumes 
ue had very slight effect on their ratings (see Table 1). All grades of material from 
-_ sand to angular stones as large as 10 in. in diameter passed through rapidly, © 
with no deposition on the floor. A 4-ft San Dimas flume has been i in operation pi 


> 


pee has given encellent records for one season, in a efretaames carrying heavy 
loads of material eroded from road fills. 


= Flow in the experimental flumes was not affected by velocity | of re 


or by back-water causing a jump within the flume, as long as the jump re- 
Q mained down stream of the stilling-well inlet. In one test, the stream bed up ‘a= 
stream of the flume was built up with gravel to a a 25% grade e. Although there 
Were shooting velocities in this channel section, a jump occurred above the ” 
transition, a hydraulic drop within the cylindrical entrance, and measured — 
heads i in the flume were identical with those recorded under standard conditions. 


 Ahydraulie j jump caused ay chetacies held i in the flume exit also had no effect ,. 


pronto fume, i in that flow within the flumes remained well below critical _ F 
depths at all | stages measured, and the addition of bed-load apparently had little © be 
or no effect upon their rating. However, unstable flow conditions, expressed i in + 

- surface waves, persisted in this shape of flume at all stages and in all three — 


flume widths. The result was undesirable variation of observed flow from Bs 


_ computed flow values. In Table 3, the equations for the 6-in., 1-ft, and 2- ft 


For the 6-in. flume, 


for the 1-ft flr 


a ™* qreplemmental Tests—Weirs with Aprons Inclined Up Stream and Down Stream,” by A. R. Webb. 
Transactions, Am. Soc. C. E., Vol. 96 (1932), pp. 408-416. = 
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the flow. This flume has remained clean of débris depo a 
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T hese may have been caused over- id the'e 
Critical depths in this type of flume just as far from the vertical 
TABLE | 3.—ComParison or CoMPuTED wITH OBSERVED DIscHARGES F FOR 


1- Foor, 2-5 -Foot Criticat-DeptH FLuMEs: | TRAPEZomaAL 


Rate or Frow, Q, 1n | RaTE oF Frow, Q, 1x 


(a) Srx-Incn Fiume: (Equation (8a)) (b) Fioms: (Equation (8b)) Com 


8.272 | -0.216 
4 (c) Tw Five: (8e)) 


0.326 | 0.802 | 
0.481 | 1.389 | 1. 
0.932 | 3.918 
1.509 | 8.488 


1 
—0.06 
—0.02 
—0.07 
—0.08 
+0.18 
+0.32 
+0.27 
+0.16 
—0.04 
—0.27 
—0.56 
—1.39 


0.802 | 0.749 | —0.05 
1.389 | 1.411 

3.918 £137 

8.488 
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modifications used in Parshall San Dimas 
es have a negligible effect on their rating. The results indicate that the 
if Parshall flume gives accurate measurements of clear water or flows containing — 

loads of fine material, and i is reasonably accurate for measuring large Sow with | 

Presence of bed-load substantially influences the rating of Parshall 

- flumes at low w stages, — the resulting errors at high flows appear t to art 

(3) No alterations introduced into the Parshall flume succeeded in =4 
terially i improving its accuracy in and flows con- 


— 


(4) Anew design of critical- -depth flume was developed, which appears 
ave ve accurate me: measurements of of discharge and to be be unaffected by vaony of 
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| peviae | Pet ||Read-| head, 
4 igi i Ob-_| Com- | (Column lintet in| Ob-_| Com- Column 
— 
— 
0.172 
q 4 1.041 9.86 | 10.18 | +0.32 
1112 | 1098 | i119 | +0.21 
| 2-209 | 13-73 | 13-56 | -0.17 
1.464 | 17.24 16.68 | —0.56 
— 
— 
— 
— be 
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approach or presence nce of bed- load. This’ Senne as a 
a = in which a cylinder-quadrant transition is used in place of the conventional Z 


Dev measurements are made down stream of the “critical” 


i section, where rapid flow occurs. A tentative rating has been established for 


three widths anda generalformulacomputed. 
a (5) Use of this type of flume in conjunction with the present San Dimas 


stations should make possible the measurement, with reasonable accuracy, of 


a small and intermediate loaded flows which at present fail to be measured be- _ 


deposit b 
cause e of débris ¢ leposit ion in weir oxes and in the ] Parshall flumes. ee) , 


ite tang of 
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DISCUSSION 


‘developed an measuring device for the > special purpose 
measuring g flood flow in steep channels where the streams cat carry heavy bed-loads ne 

and high percentages of suspended material. 
‘The name applied to to this new measuring flume, perhaps, is somewhat mis- 
leading. The flow passes ; through the section of critical depth at a point ap 
_ proximating the up-stream ends of the parallel walls of the structure, The 
_ section, or point of critical depth, v aries wi with the rate of discharge and, as stated £4 

the is not at a definite | place. gage section, as choses, is con- 
siderably down stream from the point of critical depth, and, therefore, the 

observed values of the H, head are always less than the critical. — ‘Iti is probable 

“7 - that a better index point for determining the head would be at a point slightly 

up stream from the upper end of the parallel section where greater depths would 

exist. For larger values ¢ of the head, thus observed, the error in depth measure- 

‘ment then would be less effective in the final ‘computed discharge. This p point 

doubt has been investigated. | 

oa _ The authors have studied the accuracy of the Parshall measuring flume for 
their s special purposes report that if the floor of the co converging section is 

a - made level and the length of this section of the structure is increased, little or Bo 

effect will appear in the discharge characteristic of the flume. However, when 
the floor is sloped to 5% in the direction of flow. , the indicated discharge is less - . 
- than the actual flow. This would be an obvious result because the control is 
moved up stream from the throat toa point at or near the upper end of red 
converging section. Moreover, the depth at the standard H. point would be i 

less because of the higher velocity ne water passing this section. This 
the characteristics of flow, and the law of 


7 


analysis of their conclusions, ‘‘as shown 1 The 
3 writer finds only one table dealing with the modified flume where the floor in the = 
. conv erging section has been sloped dow: nward. The discharge formula, Equa-— 
> 3 tion (3), as stated for the flow through the 6-in. flume, is apparently not 
for a standard ‘setting. At the hydraulic laboratory | at Fort Collins, Colo, 
this particular size | of flume was calibrated where the law of discharge was xg 
ns for discharges ranging from 0. 05 to 2.42 cu 
bs ft per st sec. co In thie series there were re two tests in which the deviation approached 
- 6 per cent. In one case the H, head was only 0.093 ft, and for this shallow 


_ depth it is believed the control at the throat was ineffective; however, the actual ¥ 

4 Senior Irrig. Engr., Bureau of Agricultural Eng., U. 8. Dept. of Agriculture, Fort 
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PARSHALL ON D&BRIS-LADEN STREAM 


diffe 
pe per sec. For practical purposes this difference is not significant. For ‘the other ae 


i test in question, the H, head was 0.21 .217 ‘ft, with a difference in the observed and — va 
 gomputed discharges of 0.01 cu ft per sec. Another test in this series with the 
ie Ha head at 0.204 ft indicated a difference of only 0.001 cu ft per sec. These — 
ut slight variations in discharge, for low heads, are thought to be due to the ap- a 
b>" -proaching limit of control at the throat for shallow depths. For the remaining 
twenty tests the mean deviation between the observed and computed discharges" 
“7 ___ An inspection of the data in Table 1 discloses that the 3% slope of the floor 
. of the converging section, in the direction of flow, materially affects the indi- 


cated rate of discharge through the : flume when based on a standard setting. , 
- For the very limited data presented co concerning the four tests on the 1-ft Parshall 
measuring flume, having a sloping floor and carrying a débris-laden flow, the 
following relation has been found to exist: The gage point, Ha, is practically 
 $ftup stream from the crest. At a 3% slope this point is 0.089 ft higher than 
the crest. When this increment of 0.089 is added to the observed H, head _ & 
standard discharge for these corrected heads agrees reasonably well with the 
computed discharge ‘shown in Table 1 as based on the San Dimas calibrations. = 
The development of a measuring device to meet extreme adverse conditions _ 
of heavy bed- load carried i ‘in the stream, has not yet been fully accomplished. . 
The authors have intimated strongly that the Parshall measuring flume, when — ig 
operated under the field conditions imposed on the experimental San Dimas , e og 
Forest area, has failed to ‘Tegister the exact rate of flood-flow discharge. Ex 
perience in the field with weirs of various types, as s well as the ordinary r rating a 
flume, has demonstrated that neither of these devices could be used successfully — - | 
to measure fic flood flows such as were encountered in this experimental forest area. 5 
: _ There were e experimental data, both in the laboratory : and in the field, in evi- 4 
dence prior to the recommendation of this type of measuring device for the San 
oe Dimas area, which indicated that the Parshall measuring flume did possess y. 
_ characteristics favo orable in meeting such adverse conditions of measuring “a : 
_ débris-laden stream flow. In the Fort Collins Laboratory numerous observa- og 4 
tions have been made to ascertain the effect of of sand and gravel on the indicated 7 " 
_ tate of discharge where such débris was carried to, and passed through, the — a 


nid flume. No material effect was noted in the indicated rate of flow because of the 


fact that any bed-load brought by velocity of approach tot the e upper end of the vad - . 
- 3 structure was readily r moved on through it, owing to the ec convergence of the flow ba 

lo, Ae and the i increasing velocity through that part of the structure in which the a 
control and measurement of the discharge waseffected. 

aa a number of years, prior to 1937, at the east portal of the Laramie- 
(9) _ Poudre Tunnel, 60 miles west of Fort Collins, a 6-ft Parshall flume was operated _ 
2 to measure the flow through this tunnel. flume operated under adverse 4 
conditions as follows: First, the stream from the portal of this tunnel was 
hed ; nat abruptly turned 90° into a relatively short channel in which the measuring flume ~ = 


_ Was placed; and, second, the excessive quantity of heavy material carried out of : 
én the tunnel was moved dune and through the flume. Numerous current-meter > 


measurements had been made of the discharge official 
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others, which showed flow as indicated by the flume to be within 
reasonable approaches | of accuracy. vt In Fig. 14 is shown the condition of flow ¥ 
this 6- flume on July 2, 1932. On July 10, a current ‘meter 


Bee deposit, with the thread of the stream flowi ing along o one e side of the 
channel. _ For this gaging, the mean H, gage height was found to be 1.18 ft, the A 
~ computed discharge 31.25 cu ft per sec, and the metered discharge, 32.6 cu ft 

per sec, with a 1 resulting deviation of about 4 per cent. - Under such adverse 
conditions extreme accuracy cannot be | 


14.—Conpition or Firow Foor PARSHALL MEASURING FLUME AT 
East PorTAL OF LARAMIE-PoUDRE TUNNEL WHEN MEASURED AND COMPUTED DISCHARGES 


‘The Parshall measuring flume has been accepted throughout the irrigated 

Ww estern States as a practical and reliable means of gaging the rate of flow of 


: water div erted from streams and reservoirs under officially decreed” rights. 


It is estimated that there are about 2 500 flumes in operation in Colorado at _ 
= this time. _ This measuring flume is ; widespread i in its use and is serving a useful . 
. ‘purpose in this, and many foreign, | countries for measuring both irrigation ae 
‘power supplies, in sanitary engineering, ‘and in industrial plants. baa 
‘The first practical installation of this type of measuring device was a 10-ft 
: framed structure built in the Las Animas Consolidated Ditch, near Las Animas, 
Colo., .,in 1926. The successful operation of this first flume resulted i in the con- 
_ struction of other larger flumes in the Arkansas Valley in Colorado. — These 
- flumes 1 were of reinforced concrete, and ranged in size from 15 to 40-ft throat 


w idths. a Prior to o the of the 40-ft reinforced concrete flume i in 
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MASON ON D -DEBRIS- FLOW 


: was as set up for the purpose wal designing this structure... 


put into operation (November, 1928), current meter inane of the discharge 
were made covering a period of several months. These gagings were = 


principally by the State Hydrographer; however, some of the observa- 


writer and others. This series of meter measurements, 


¢ difference was less than 1% ‘and the maximum deviation for any 0 one of a 


a twenty-three observations was 2.5 per cent. For all flows measured, thé sub- 7 


was well below the limit of interference. These check measurements 


= of the discharge ranged from about 130 to 1 460 cu ft per sec. A very large 


ve mountain torrents, transporting considerable solid material, and are a 


i 4 natural or an artificial control section; the use of weirs, Parshall flumes, 


number of current meter check measurements of the discharge through other 
Parshall measuring flumes of various sizes show close agreement between the — : 


and computed rate of flow. tide ow tal 
; oe The authors’ report of tests on wes newly developed critical-depth measuring — 


- cu u ft per sec to more than 50 ¢ cu ft. per s sec, _ shows marked consistency in the : 
‘Marae measurement of flow. The practical operation of the flume in the 
field, for both large and small sizes, however, may indicate some shortcomings, — 7 
ae especially where it is required to measure a flow of a few cubic feet per second — 
through a structure having a capacity of more than 1 000 cu ft persec. Experi- — 
: ence wil with the Parshall measuring fi flume on the San Dimas Experimental F Forest 7 


appears to indicate that better results. would be ‘obtained by having g greater _ 

Ree writer is much interested in the development of a practical measuring 

- device for the ‘special ‘purpose of ¢ gaging flood flows which carry an excessive i 

quantity of bed-load. The authors’ investigation of such a new device, to meet + 
: these requirements, is encouraging when viewed from t the standpoint of labora- 
tal results. There appears evidence, however, that from the s standpoint of 

field experience this new flow measuring flume not been 


Martin. A. Mason, 2 JUN. Am. Soc. C. E. (by letter) .—The accurate meas- 
urement of the discharge of streams carrying silt and solid materials has great — 
interest for the hydraulic engineers. of Europe, particularly those in Switzerland — 


and the French Alps. Most of the streams in that section are of the nature of F: 


a 


characterized by very turbulent flow at high velocity. ie Because of 
5 power development of the s streams the accurate measurement of ory dis- 4 


charges is of more than ordinary importance. More or less satisfactory dis-— 
charge determinations are generally made > by the use of current meters at either 


| 


—— 


a account of their lack of reliability when 1 measuring silt-laden flows. _ The need — 2 


pal 
for a simple, reliable, and accurate means which may replace current meter — 


#8 Scientific Aid and Junior Mech. Engr., National Bures 
Freeman Scholar, 1937, Peance. 


ey 7. enturi flumes, and similar devices being precluded, except in unusual cases, on = q 
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IS-LADEN STREAM 
methods in ‘this of such flows is nd it is be 
that the complete San Dimas investigations will represent, at least, a first step 
toward the development of sucha methods: 


i. particularly difficult problem : in silt- laden flow measurement was recently 


“near Le Sautet Dam in the Préalpes of France. — The normal flow of about 2m 
per sec (70.63 cu ft per sec), with velocities above the critical, carries = 
materials, ranging in size from fine sand to boulders 30 cm or 35 cm (12 in. to 
14 in.) in diameter, in quantities varying from 10% to 20%, by volume, o 
"the discharge. Ir In times of flood or melting snow this value may become a a8 
high a as 50 per cent. If possible, it was desired to establish a gaging flume i in 
the stream which would permit a reliable, accurate determination of the dis: 
charge under varying fi flow régimes. hol) 
‘The lack of information on the per performance | of such devices under 
conditions led to co-operative studies being made at the hydraulic laboratories — 
eee the School for Hydraulic Engineers and of Ateliers Neyret-Beylier and 
4 Piccard- Pictet, at Grenoble, France, with the pu purpose ose of developing a Venturi 3 
or a Parshall flume which would function satisfactorily under the unfavorable _ 


These studies did not succeed in the development of a flume of either type ty 


the larger stones anc ing velocities did not 
% exist. It is interesting to note that exactly the same result was obtained at — 
- San Dimas in the tests of the altered Parshall flumes with débris-laden flow. ; 
_ A rectangular flume with converging side walls, designed on the principle that x 
_ the super-critical velocities obtained would be sufficiently high to carry all S 
 feanpiated solids through the measuring section without deposition, was also 
ser _ It was found impossible to attain velocities high enough to 
keep the flume clean at all stages of flow. __ ro 
4 _ The solution finally arrived at, although it is admittedly crude and suscep- 
_ tible of improvement, is nevertheless of interest for its ingenuity a and entirely — 4 
_ different approach to the problem from that adopted at San Dimas. s A rec- 
- _ tangular wooden flume about 13 m long, 3 m wide, and 1.5 m deep (42. 7 ft by 
. ? 8 ft by 4 4.9 ft), was su substituted for 1 the natural § stream channel i ina short sec- 
tion where the slope was relatively small (2 cm per | m or 0.24 in. . per ft). $44 The bj 
stream was led into and away from the flume by rock-bundle transitions. A > 
=e gate was in installed at the down-stream end of the flume. aie ee 
‘The technique used in making a gaging is as follows: With the flume gate 


= solids carried is formed di due e to the orgag in velocity in the flume 
brought about by the reduced slope of the bed. When it is desired to make t a 
_ measurement of normal flow (that is, no flood conditions) the flume gate a 
_ partly lowered, and the increased velocity under the gate scours | out the de- — 

4 posited material. _ With the velocities existing in normal flow this operation 
requires min. When the flume is clean, as determined by sounding: 
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experienced 

posits forming in the flume during the short time required to make the aa 

_ measurements because, with the gate closed, there is a reduction of velocity in — 
the flume ¢ causing, in turn, a jump to form some distance up stream. The solid a 
material, with the exception of the finer sand, is thus deposited in the stream 7 - 
4 bed in the vicinity of the jump, only the now relatively clear water passing a _ 
: through the flume and over the gate. With the reduced velocity obtained and a 

with the measuring section located about 10 m (32.8 ft) down stream of the a3 
Ge - flume entrance the flow conditions are very favorable to accurate velocity _ 
—— Upon completion of the gaging the gate is opened, and = 


free flow through the flume, at a velocity above the critical, takes place. The > 
 jnereased velocity in the stream bed above the flume entrance scours the deposit — .§ 
i. - formed there by the hydraulic j jump during the gaging, leaving only the largest a 
a - of the boulders that have lodged there. These are removed manually from time 
d .s In times of flood or ¢ of melting snow, when the solid ¢ content of the stream — 
my become as high as 40 to 50%, by volume, the gaging is ‘made with the 
flume gate open, correction being made for the deposit in the flume as deter- 
_- by. sounding-rod observations. — The error in the measurement of the 
“flow at such times is of the order of 10%, w yhereas for normal flow « conditions 


_ the error does not exceed about 5 percent. 


Epwin §S. Futter, Esa. (by letter) Every one engaged | in collecting 
a data on streams in which the regimen varies with almost every change i in 
rate of flow, should be grateful that an organization of the character of the © 
California Forest and Range Experiment Station should have concerned itself _ 
with the task of attempting to develop a stable rating device for use on such - 
streams. Those who have had much field experience in attempting to stabilize _ 
the conditions of flow in flood channels can appreciate the difficulties es under — 
= the authors of this p paper have been, and are, laboring. 7 non if. 
% : __ When the rating flume studies were inaugurated in 1935 at the San Dimas 
_ Experimental Forest, the writer w as privileged to witness some of the earlier 
tests. His first impression ‘upon seeing the various types” of rating flumes 
that had been constructed, especially those in the testing laboratory down __ 
ee: stream from San Dimas Dam, was that. these structures w ould form excellent 
controlling sections for gages located a short distance u up ‘stream from the ~ 
a entrance to the rating flume, and that there might be a splendid chance to 


compare the ratings of gages so located with the rating flumes 


themsely 
ls “Since | readings on staff gages in the approach channels up stream from 


Es the rating flumes were included i in the comprehensive ¢ data gathered during the 
2 tests, the publication. of these data has been awaited with considerable interest, 


7 = great Eesppointinant was felt when it was found that data ‘covering water | 
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can be demonstrated that for a stable section 
shape, the r: rating curve for a a gate situated a short distance up s stream from 
which u is an “exponent equal 5; is the discharge, in feet per 
second; 6 is the breadth of the ‘rectangular “control” section, in feet; H is the A 
= of | the v water surface, in feet, above the lip c of the controlling section; ie 
s = Ki is a constant depending only on longitudinal channel conditions. i Sach 


— 


Semis listed in Table 2, rating curves for the 1-ft, 2-ft, and 3-ft rectangular, 
‘San ‘Dimas type, rating flumes, were constructed on rectangular ‘co-ordinates, 
The relation between the ordinates and the sub-tangents for these curves — < 

shows that in each case the can be by ¢ eurv es of the of Equa 
: (11), if K = 2.80 and u 


the range of observational e errors of ‘the gage readings, w which w were e made on 3 
«gages marked on the walls of the approach channel, without any provision for 
stilling. This constant value of the coefficient and of the exponent 
much more. promise of ‘accurate extrapolation for the application to 
rating flumes than Equations (7), in which both the coefficients and the ex- 

ponents vary with the size of the flume. _ Expressed in the same manner as 


~ Equation (11) formulas for a g gage 3 ft down hihi the transition may 7 


= 


‘a 


6.35 


te 


‘The iis of these formulas up to widths of 50 ft or more, such as : 


may readily be required, may easily introduce serious errs. 


en One of the » entanes for’ this observed variation it in coefficient and exponent, 
of course, is that the stilling-well connections in the three sizes tested were — 
- al at relatively different distances down st stream from the flume entrance, this 


3 distance being 3 ft in each of the flumes tested. Had the stilling-well con- 
nection been made 3 ft below the entrance on the 1-ft flume, 6 ft on the ft 
flume and 9 ft on the 3-ft flume, making each flume a model of the others, it 


is possible that the curve formulas might have shown better agreement for the “ 
Tn the three small flumes originally tested at the San Dimas 

roach channel had a flat grade and was three 

. In all the runs reported by the © 

authors the flow was at depths greater than critical in the approach channel — 


“a and at depths less than 1 critical in the lower end of the rating flume, passing 


- through critical depth at some point between the transition section and the 
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stiling-well “connection section. Obviously, if the rating flumes were long 
in enough normal flow at less than critical depth would eventually be eestablished 
a at some distance below the transition section, this distance depending on the © 7 
rate of flow. For very low flows in the 1-ft flume, normal flow would be ¢ 
established in the rating flume at, or up stream from, the stilling-well con- — 7 
nection. In such a case the ordinary formulas for eniferss flow would apply. a 
‘If the rating curve for a rectangular flume of uniform cross- -section and slope 
i is computed by the Manning formula, it will be found to be fitted closely by bt 


which, except for the coefficient, is the same as Equation (11) applying to 
oe heights observed in the approach | channel. _ This coefficient will be found 


to depend ed on the , grade and roughness of the channel, wherever normal 
— seems, therefore, that the rating curve for a gage located 3 ft down 
stream from the lower end of the entrance transition section cannot be « expressed 
<a a simple parabolic function for the entire range of gage heights. It follows 
the method of least’ squares, involving» the assumption of expressions 
having constant exponents, cannot safely be used in computing the rating 
: -eurve for a gage located in that part of a stream where the flow is accelerating. _ 
This point was illustrated recently in rating a 10-ft flume of the San Dimas 
type in actual use, when it was found that the discharges, when plotted against 
age heights in the rating flume on logarithmic paper, could be fitted by 
curved line. The extension of this curved line to higher stages than | covered — 
7 ly the discharge measurements showed a wide departure from the straight a 
line derived by th the method of least ‘squares applied to the 7. 
: ‘The statement is made by the authors that the new design is “unaffected | 
__ by velocity of approach” (Conclusion (4)), referring to the San Dimas type a 
of rating flume. This statement must be incorrect, since the velocity of | ie 
Approach has a marked effect on the entrance losses and on the rate of accelera- 
ae tion in the rating flume at the s stilling-well connection. if the approach — 
velocity were zero, the velocity at the stilling-well connection would be in 
_ the zone of acceleration from zero velocity to normal velocity for a flume | 
having a a 3% grade. it should be expected, therefore, that a higher velocity 
of approach, such as would result from decreasing the width of the = 
channel, would cause greater velocities at the stilling-well connection for a 
given rate of flow. This would mean smaller depths and larger discharge — 
coefficients for the rating flume. That this is true has been demonstrated by - 
-—reoent experiments in which the width of the ‘approach channel has been — 
Since the velocity of approach has a marked effect on the rating of the 
San Dimas type of rating flume, it follows that changes i in the grade of the 
approach channel may cause changes in the flume rating. The experiments at — 
‘2 San Dimas Experimental Forest were made with an approach channel © 


having a flat grade. Under these conditions the flow in the approach channel _ 
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at depths great ter critical during all the runs In ordi. 
nary flood channels in which some form of rating flume or artificial rating. 
- control is required if reasonably stable ratings are desired, the normal slope ie 
_ which has been established by the stream itself is commonly as great as 6% _ 
or 8%, the grade depending on some relation between the size of the stream 
and the nature of the débris being transported by the stream. In such a flood — 
channel the velocities, even at low stages, are usually super-critical, and the 4 
depth of flow may be considerably less than critical 
‘If such a flood channel should be obstructed by a a rating flume of the San — 
:  -‘Dimas type i in which the width of the rating flume is one-third that of the 5 
approach channel, a hydraulic jump would probably occur at some point “4 
above the ‘rating flume entrance, at all except low stages. Under these 
- ditions, for clear-water flow, the ‘rating of the flume might be expected to. 
‘approximate that determined by the experiments reported by the authors, . 
the stilling-well connection is situated at a distance down stream from the 
_ transition bearing the same relation to 3 ft that the width of the flume bears 
to the width of the experimental flume whose rating curve is used. em 


However, with stream flow, the conditions at the ‘entrance to 


"processes would be transported the stream to the point of formation of 


relation between the rate of flow and the nature of the débris.. Ba aT 
The establishment of such a débris dune at the entrances ‘to the rating 
flume wot would tend to cause a change in entrance velocity similar to that caused — 
os by n narrowing the approach channel, and a corresponding increase in rating — 
flume discharge coefficient should be expected. 
the experiments at the San Dimas Experimental ‘Forest, débris was 
f introduced by men with wheel- barrows, and at no time while the experiments — 
were being observed by the writer did the dune fully establish itself at the — 


entrance to the rating flume. ja Under the conditions of those experiments 8 


small quantity of débris was cut away from the edges of the dune by 1 the stream fe 


ane with a down- stream face having the normal herndony depending on = 


and carried through the flume, which kept itself clean. At no time, however, 


than a very small proportion of the débris-carrying capacity | of the stream 
in the rating flume. Under these conditions it is not surprising ’ that no 
i serious change in flume rating was observed. To conclude from these se experi- 


_ ments that, under natural conditions, débris would have no serious effect on 


was the quantity of débris being transported through the rating flume more 


flume ratingis by no meanssafee vans de 
In the ease of the 10-ft San Dimas type of rating flume a small land- 4 
aide o ‘occurred a stream ¢ some time after the flume was 
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anv débris picked up by the stream in its upper reaches by the natural 
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: oe _ which would travel up stream or down stream in the manner typical of traveling § 
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stalled. Together with material dumped in the stream bed during the con- 
2 struction of the flume, this landslide formed a débris dune which was gradually » 
moved down stream by the subsequent small flows of clear water. At the 
: _— a test was conducted for the purpose of determining a rating curve for _ 
the 10-ft flume the dune occupied a position about 25 ft up stream from i 
rating-flume entr entrance. The comparatively large flows used in the early part | 
= this test moved the débris dune rather rapidly down stream until it ee 
position just above the rating-flume entrance. In this po position it had 
rather a marked effect on the nature of the flow through the flume, as it caused 
. the water to enter at an angle with the center line, resulting in cross-currents; 7 
and, at times, water “‘piled up” against the side of the flume opposite the 
connection. Under these conditions it was not surprising to find 
ay variations of 10% or more in successive determinations of the stage- -discharge — 
. relation . At the time the tests were concluded a small quantity of débris had _ 
begun to be discharged through the rating flume. At no time during the test — 
: was additional débris being added to the stream i further landslides above 
oe the rating flume; nor was the quantity of débris being carried through the flume, 
; any appreciable percentage of the flow of clear water, 8 sits 
os For the purpose of f studying the probable behavior of this 10-ft flume | 
under conditions of larger | continuous landslides up stream from the rating 
flume, the writer constructed a small model and made qualitative studies of igs 


behavior. In these studies the débris used was in the form of fine wind-— 
a 


iz blown beach sand taken from the back of a large sand dune about one-half mile 

& back from the ocean shore. It consisted of irregularly shaped grains varying 

in size from about 0.001 in. to 0.020 in. and had a comntteneie degree of 
dimensional similitude with the actual débris in the prototype. 
es In the earlier part of his model tests the writer duplicated : as closely as 
% possible the conditions during the period leading up to, and including, 


aforementioned rating tests. During this part of the model tests the appear- 
ances of conditions in the rating fume were as observed 


rating flume. Under these conditions the approach channel gradually estab- a ' 


lished itself at a uniform grade of about 8% leading down to the rating-flume _ 

entrance. This part of the test was concluded when the up-stream face of the 
a débris dune reached the edge of the landslides. During the entire period of this © 

_ part of the model tests some débris was rolling down the down-stream face of a 
i: the « dune and out through the rating flume, but at no time did the débris ~ Re 
a passing through the rating flume exceed 1% or 2% of the volume of clear-water | 
if Tn the third part of the model tests a large volume of additional débris 


. was introduced in the form of landslides occurring on top of the down-stream 5 

Pi face of the large débris dune formed in the second part of the test, but still 

at @ considerable distance up stream from the rating flume. ‘Under | these 
x“ conditions the toe of the dune moved down into the rating flume to a point = 


big’ stream from m the > stilling-well connection and the of débris s passing 
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In the second part of the model tests a large volume of additional débris = ae 

— 
— 
4 


- through ‘the rating - flume increased to about 20% or 25% of the volume of of a 

clear-water flow. As the flow of water was decreased to zero, , débris remained E 

- deposited in the rating fl flume, , and the stilling-well was put out of commission, — 

- During this entire part of the model tests the rating flume obviously failed to < 
These preliminary model tests indicated that the San Dimas type of 
rating flume is far from being the answer to the « engineer’s prayer for a stable _ 
rating device for shifting flood channels. Further quantitative tests are 2 
necessary to determine, first, how far this type of rating flume i is from being 3 
- ae the desired answer; and second, to find out, if possible, what type of rating 3 

device is best to the conditions that be met in the 


disturbs the that Mother Nature herself establishes i in 
» 
a. The most stable natural “controls” for a gage on a débris-laden stream — 
are those in which, at all stages, there is a very slight increase in water-surface a 
slope : a short d distance down stream from the gage. At such gaging stations x 
there is a very definite relation between the exponent in the rating curve 
_ formula and the shape of the cross-section of the stream at the point where 
the change in slope of the water surface occurs. 
a. The writer gratefully acknowledges the assistance he has received from — 
members of the Los Angeles County Flood Control District, and from the 
authors themselv es, in the preparation of this discussion. Unpublished waters 
surface elevations in the approach channels were made available through the 3 
courtesy of Professor Kotok,. 
_Haroip ‘K. PALMER" AND D. . Bow.us, 15 MEMBERS, AM. Soc. 
letter) —Débris- laden streams be divided z three classes: 
(1) Muddy water in which the débris consists of fine silt, ordinarily considered _ 
as that passing a 200-mesh sieve, distributed uniformly throughout the entire 
“cross-section; (2) water carrying a , suspended load of coarser sandy iq 


the bulk of which is carried along in the lower part of the 


Clans (1) qe: - The authors state that with a level throat the addition otk: 

_ débris caused the critical point | to move down stream, but that with a throat 
built on a 3% grade the critical point did not move when débris was added. ale 

° _ a throat with a a level floor the acceleration of the water is caused by the dite. « : 


there is bed- load. However, the weight of the débris-laden water being 
greater, this force must act f fora greater distance to produce the same velocity. 3 

- When the throat floor is on a grade, gravity accelerates the heavy water 38 . 


Draftsman, Los Angeles County Sanitation Dists., Los Angeles, Calif. 
Res. Engr. , Los County Sanitation Dists., Los 


. ea pooterny the force acting on the lower strata will be the same whether or not 
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uch as the light water, but since the sinitnatiai is caused by the ae of ihe a 
ttom and the slope of the surface, the critical point may still be displaced ~ 
a. All attempts in the past to make use of f critical-depth 1 measurements hav 
failed because of the difficulty of locating the point of critical depth. Near 
ae - depth, therefore, the water surface is very unstable and the resulting waves a 
- interfere with the ‘measurements. — Placing the flume on a 3% slope, as modi 


authors have done, causes it to avoid the resulting waves, since the water 
attains a greater velocity, resulting 3 in a concave water surface with 


4 
throat for all f the will how depth for only | a small 4 
ay ange of flow. Other flows will require an empirical formula which will — . 
cs only to one ratio of channel and throat width. ily a 
tis unfortunate that the authors had nib the e quantity of 
‘débris added to the ‘stream while making the experiments at San Dimas, 
cause, neglecting g other ¢ effects, it should at least add its volume to the flow. If _ es > 

pe the débris consisted of silt uniformly distributed throughout the stream, its — 

effect on would be to indicate the combined volume of q 

water and silt. If it carried : a bed-load in the lower strata, its apparent te 39 
Toughness coefficient in smooth channel might be slightly greater than 
= water, a and it would accelerate more slowly i in the throat. If, in sais 
oa to the débris carried in suspension, rocks were rolled on the bottom, there would — 

a further retarding of the flow, with increased uncertainty. iy; 

_ If the change in flow in the throat, due to the addition of débris, is cuieaieliie 

different from the change in flow in a smooth channel, a correction for bed-load S 
a might be found from a second measurement in a smooth channel about 50 or a ie 
e 100 ft below, after the water surface indicated a stable flow. If the bed- load ce es q 
does not t increase se the a apparent roughness coefficient this is second measurement — 
Whatev er form the throat and transition may take, the method requires 
be point o of critical velocity which, in turn, is dependent upon a change from mild — : 
bee to steep flow. _ The mild flow may be produced by means of a jump above the 
“2 transition if the channel of approach i is on a steep grade to prevent deposits of 
cs débris, but proximity to a a jump is not conducive to accurate measurements. “= 
Mewever, considering the past failure to make a successful meter which 
depended on critical depth measurements, it seems likely that even near a jump ae 


ee. measuring point above the throat would give better results than one near the bog 


=a point of critical depth. This might t require a a longer transition than the authors | = 


‘Suggest, but the writers believe it would be worth trying. 


paper reveals two interesting and important results which have 
as been established : ‘First, the exact shape of the transition to a Venturi flume ae 


: rsp as long a as it does not waste energy; and second, the Parshall flume 


J 


— 
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— 
4 
& 
flume by using a dee ease ule range One 
using deep and narrow throat instead of a wide shallow Ber 


=a _ Measurements are made above the throat it would seem that the Fo 


should be only wide enough to insure critical velocity in the throat at all flows. am 


Probably 25% greater than the throat width would suffice. 


As the authors state, they have made only a start and much experimenting +a 


_ be needed to reach a final solution, and when that solution i is found it is 


probable that the results: will be only approximate. Even SO, approximate 
ral will be better than those now available, and the problem i is well we 


— 


ments on the San eas flume are presented in an excellent manner in this Le 


shed studies i in Southern California for many years. aah fs: 


3 _ Since the Parshall flume was included in the studies made by the witha, 
_ Pechape it would be well to call attention to the fact that this flume was not a 
originally designed to measure débris-laden streams, such as exist in the moun- wie 
tain water-sheds, and that heretofore it has been used principally in the valley -s 
reas. _ For many years Parshall measuring flumes of various sizes have been 
"used successfully in California under less extreme conditions than those in the 
San Dimas Experimental Forest. 
The application of flumes to measurements in mountain canyons involves 
problems not ordinarily encountered in valley areas. The stream gradient i is 
Bh scarves 10%, or more) and the water tends to cut a narrow res 
- travel at a relatively high velocity, and carry a large bed-load as well as ‘is 
a ted a. large flume, for example, placed directly i in a stream channel where the 
_ iene is as steep as ‘10% 1 may have a rating curve quite different from the 
Bip bs calibration. 33 It m may pass much less w water than that given for the 


bot lowest gage heights in 1 the standard tables. _ The reason for this is that a emall 3 


Mi dead water along each side of the wide flume. At high stages, the flume may 
ss: pass more water than is indicated by the gage height in the standard tables, 5 
ne because of the high velocity of approach across the entire width of the flume. 
Large flumes, when used under such extreme conditions, in 
‘connection with some experimental in 1931 writer was 
fronted with the necessity of measuring stream flows varying from 0.1 eu! ft wei 
see to more than 20 cu ft per sec in mountain areas.!7 In order to “measure: 
- large winter flows : and also to obtain an accurate record of small summer flows, 
; oa a combination flume such as that shown in Fig. 151 was found desirable. This 


Irrig. +Engr., Bureau of Agricultural Eng., U. S. Dept. of Los Angeles, 


Water Losses Under Natural Conditions from Wet | the 
California State Bulletin No. ne Div. of Water Resources, 1933, p. 88. 
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"BLANEY ON DEBRIS-LADEN STREAM FLOW 
Pe. ie eceed so so that both large and small flows p pass through the converging “* 
; — of the 2-ft flume. The small flows are by-passed from the dip in the 
large flume into a basin above the 3-in. flume and thence ‘through this latter 
eh flume, while the greater part of the large flows continues on through the 2-ft 
flume. A record of the larger discharges is obtained by a recorder operated by 
i a float in a stilling-well connected to the larger flume, and a record of the a 
— is obtained by a flow recorder operated by a float in a stilling-well _ 
| “bald i | be 
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x connected to the smaller flume. ume. Some overlap i is provided, so there i is a ame 
range during which a may ‘be obtained from both flumes. _ Two 


are denuded water-sheds in Southern California where no ‘type ype of 
flume will measure the débris-laden stream flow accurately. ‘This was demon- 


a 
i... |, 
— 
— 
— 
— 
— 
— 
— 
ed in the mountain sections of Coldwater Canyon and Devil Canyon 
near San Bernardino, Cal 
— 


‘strated by the run-off that ‘occurred in the area on 
ove 1928, the writer was one of several who suggested replacing a 30-in, 
rectangular weir ‘with a 12-in. Parshall measuring flume, after the weir had 
_ proved to be very unsatisfactory in measuring the run-off from a 44-sere : 
_ experimental denuded water-shed near San Bernardino. The flume ® operated — 
satisfactorily | under normal conditions but filled with débris when | excessive 2 


run-off occurred. Some time later it was replaced with a 12-in. San Dimas 4 

flume. In gyre this flume was s also filled with débris after s a heavy 


sey excessive quantities o of bed-load i isa question that may be answered when — = 


is to the same test as its predecessors. 
R Esa. (by letter) —Model tests of various modifications 
of = San Dimas Flume developed by the authors were begun at the University | 
of California at Berkeley, Calif., in 1937, in co- operation with the California 
Forest and Range Experiment Station. As this type of flume } presents an 
_ analytical problem that should be susceptible to solution by established 2 


methods, % it is interesting to make a comparison | of the observed snd come 


The ordinary equations for non-uniform flow in open channels are derived 
on the assumptions that steady flow e exists and that the flow lines possess 
negligible curvature and slope. These assumptions regarding the flow lines Hi 
make it possible to express the pressure anywhere in the flow as being greater _ 
than atmospheric by an amount equal to the unit weight of the fluid, times the 
vertical distance beneath the free surface. However, in open channels where a 
the section changes size or shape, or where the bed slope varies abruptly, it is 3 
evident that the flow lines are not in conformance with the foregoing assump-— 


on the entities assumptions of negligible curvature and slope of flow lines ; 
_and have been made for a particular run of one of the models of the San et 
* Flume shown i in Fig. 16, in mare of the observed conditions shown in Fig. 17. 


0. 2 in. _ The value of n in ‘Manning’ s equation was found to be 0. oMs 


in which D is the’ mean sand grain diameter, in feet. . Various experimenters — s 


-- 18 Flood in La Cafiada Valley, California, January 1, 1934,” by Harold C. Troxell, — Fi 
Assoc. M. Am. Soc. C. E., and John Q. Peterson, Water | Supply Paper 796-C, U. 8. Dept. 
Instructor in Mech. Eng. , Univ. of California, Berkeley, Calif. 
2% Hydraulics of Open Channels,” by B. A. Bakhmeteff, M. Am. Soc. C. E.; 
_ Fluid Mechanics,” by M. P. O’ Brien and G. H. Hickox, Associate Members, - 
oboe investigation of Flume Traction and Transportation,” b L. Ch ag, 
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ximately this value of n. For example: 


0. 043 


is down n that the sec nat the beginning of the part of the flume 
th that is 6 in. wide should act as the control section because the 3% bed slope is y. 


- gubstantially greater than the critical slope for the given channel roughness — 


= and discharge. it The ~sepsey" was 0.927 cu ft per sec for the particular run 7 ig 
7 


ups stream and da 
The foregoing value. of Manning’ n was used in determining the energy 


66 


Acomparison of the “observed, “computed,” and “frictionless” water surface 
= tis interesting to note that although no contraction loss was assumed to — 
occur in the flume transition, the frictionless and observed profiles are at very a 


small variance in the ‘up-stream section of the flume. In closed conduits the 


- entrance loss due to a well-rounded transition is of the order of 2% of the — 
- inerease in kinetic energy, which appears to be approximately the case in this" x 
-— channel transition. — According to much of the literature, a contraction — 

loss of 10% of the kinetic energy increase is commonly assumed in designing | 

The observed and computed profiles are in fairly good agreement except in 
the immediate vicinity of the control. This would be expected, however, as 
it is here that the flow lines have their greatest slope, and this influence was 


_ the free discharge end of the flume, but this is explainable in part because no 

Soe. C. Hey Distribution of Velocity in Wide Rivers,” a M. P. O’Brien, As 


~ neglected by the original assumptions. — Some divergence is seen to occur at Lh 


soc. 
Transactions, Am. Geophysical Union, 1937. 
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STEVENS ON D&BRIS-LADEN STREAM FLOW 
allowance was made in the “profile for the 
_ which is measurable 5 or 6 in. back from the brink, 
‘The good agreement between theory and experiment demonstrated by te 


_ example in this discussion indicates the value of applying the same method 


cers 4 


Comal 
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PROFILES ; Q= == 0.927 Foor PER 
4 to all the data presented by the authors. Substantiation of the theoreti 


method in this manner makes i in nterpolation possible in other designs, other h 


locations of pressure taps, and variations in surface roughness. 


J. ‘Srevens,* M. Am. Soc. C. E. (by letter).—The authors of this 
4q paper offer a solution to a perplexing problem wherever the conditions permit 
« the installations indicated. _A prime requisite is an abundant drop at the 
4 structure. The profiles of Figs. 10 and 13 could not be maintained if the 

— tail-water should cause a hydraulic jump on the bed of the flume and thus 
_ deposit much of the débris. A definite drop of substantial tial proportions below 
end of the flume seems to be essential. 
_ It would be interesting to determine some of the characteristics of the 
jump when heavily ladened with dé débris. With coarse material 

_ this may be impossible but with finer sands some data might be secured. — i ot 

_ It must be remembered that the Parshall flume was not designed for = 


apps 


such service as it has been subjected to here and it must not therefore be 
_ condemned as a measuring device. Its chief field of usefulness is in irrigation 
' tee where, at most, a or silt and not cobbles are encountered, and = 


where it is necessary to sacrifice ¢ a minimum n amount head. For euch service 


a Cons. Hydr. Engr. (Stevens ¢ & Koon), Portland, Ore. 
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q to be ome) the authors will take the Engineering Profession into their cons 
“fidence in in | discussing the pn of these floods on their measuring equipment. = 
H. G. % Esa., Joun 8. Corron,” Esq., anv H. Srorey, 27 Esa. 

(by letter). —The writers appreciate the interest taken by members of the 

os Engineering Profession in the San Dimas flume, and are e particularly gr: grateful 

for the numerous constructive criticisms. 


q _ Two points regarding this measuring flume should be made clear, perhaps, 


as several discussions indicate some misconstruction of the writers’ claims for 
it, In the first place, it has not been intended that this flume should supplant 
ot the well-known and widely used Parshall flume ab The latter, as testified by its — 
widespread adoption, is ideally adapted to use in measuring streams of rela- 
bi tively low gradient, in which conservation of available head is of prime im- 
z portance : and i in which rns transported area is fine enough to “ moved by 
flume. 
Stream velocities in on other hand, are result 
= of relatively high gradients, and, ordinarily, are greater than critical. It is 
eo known that débris transportation is a function of some relatively high power c 
= of velocity. _ Therefore, in measurement of high-velocity streams it would 
be seem scarcely logical to expect accurate results from any measuring device that b 4 
tg is dependent upon’ the maintenance of sub-critical velocities in the measuring ¥ 


+s The writers’ experiments have been directed entirely toward t the develop- ny nN 


ment of of a flume characterized b by  super-critical velocities, but with a “critical” an 
7 section close enough to the piezometer orifice to provide stability of rating. It 3 a 
_ is their belief that a flume of the San Dimas type satisfies these requirements. 
- long series of carefully controlled model studies, using a 6-in model of 1-ft 
i Ut, and 3-ft San Dimas flumes, as \ well as field observations since the ai 
* experiments, have demonstrated that the final design for this flume provides Be’ 
_temarkably consistent and accurate relation of pressure to discharge, very a 
f transition losses, and a an excellent degree « of stability in rating even when it is — 
subjected to variations in approach velocities or back-water conditions. F ror 
about 330 runs, computed discharges showed an average deviation of + — 


‘Dimas type has ‘unlimited capacity to measure flows containing unusually high 
contents. Flow r velocities i in this flume do not exceed 12 or 13 ft per 
even at high stages, and the load-transporting capacity, therefore, has this 
definite limit. Furthermore, it is doubtless possible that high 
Bie load affect hydraulic characteristics of flow. . Under : such conditions it - 
a be too much to expect that any standard rating would continue to apply. : = 


> California Forest and Range Experiment Station, U. 
vice, Glendora, Calif. 
ce, Berkeley, Calif. at 
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M, ON DEBRIS-LADEN STREAM FLOW 
The w writers’ claim i is simply this: That the San Dimas flume 
A range of flow that can be measured with a reliable degree of accuracy in moun- — 
Mr. Parshall and Messrs. Palmer and Bowlus’ suggest that a ‘measuring 
‘on § point taken just up stream of the “critical” section would be better than that 
a _ chosen by the writers. At the point suggested there is a considerable degree 7 
_ of flow curvature with its accompanying centrifugal forces, so that depth and — “ss 
4 _ pressure measurements deviate from each other, and the rating should be 
Mr. ‘Parshall cites a good case of the Parshall flume having given accurate 


measurement of loaded of measurement depends largely upon 


etween 
flow in the and in the stream above, an and by the con 
centration and ‘particle’ size of the transported material, 
* ied Sixteen Parshall flumes installed by the U. S.. Forest Service on the ‘San 


Dimas Experimental Forest have been observed for four to five seasons and 


rated as well as can be expected under the difficult conditions imposed by — 

- loaded flows. As nearly as can be ascertained, all these flumes have produced — 
discharges for any given depth ¢ considerably i in excess of the standard rating 

_ Although the over-rating percentage varies considerably with changing condi- — 

tions of ers channel and bed deposits, it averages approximately 30 to : 
40 per cent. The reason for this fact is the deposition of bed-load within the eo 
‘flume proper to a gradient approximating that of the approach channel. — 5: 


TABLE 4 —A CoMPARISON OF STANDARD RatTINnG WITH OpsERVED 
CHARGES FOR FLUMES INSTALLED IN STteEP STREAM CHa 


| DiscHarce, Q, Cusic F EET \ DiscHarcGE, Q, Custc 
y | Standard | | Standard |... 

alues | Parshall | Observed say We reas Parshall | Observed Difference 
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7 cence Table 4 gives a eine of standard discharge values and ap- 
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Low 
orm of February 27 to March 3, 1938, in which all flumes on the Ex- 
iets! 


op 


(a) FACING DOWNSTREAM 


‘a 


‘ 


4 


— 
is . Blaney states tl Forest, Marcu 18,1938 
ce. This statement i 
experience ement is certai annels should ber 
he perience, lth r ainly true, as d e rated 
it me emonstrated b . — 
means that unde ¥ y the writers’ 


 noimor more a rather er costly control The w 
mountain hydrographers, would like to learn an accurate method of tl 
such a rating. It should be remembered that many mountain streams are 
— characterized by very flashy pes peak flows cor containing all kinds of débris, » Up o r 
and including boulders, limbs, and even occasionally whole tres, 
Mr. Parshall states that by the addition of 0.089 ft to the observed H pee 
- “the standard discharge for these corrected heads agrees reasonably well with 
the computed discharge shown in Table 1 as based on the San Dimas ‘calibra. a 
a tions.” In Table 5, the writers: have > made t the ‘suggested change, and the 
resulting deviations still do not seem reasonable in magnitude. This correction 
would be valid if the values in question were measurements of total head 
_, (pressure ++ velocity head), and | if friction and other lo mess” were re neglected; but 
the measurements involved are of pressure alone. € 
4 


(Comparison of Observed and Computed Discharges | in 


me with Floor o on 3% Grade) 


1.384 | 12.10 = 


Stevens asks that ‘the writers describe ‘the behavior of San Dimas 


Experimental Forest gaging stations during the storm ending March 8, 1908, 
That of Parshall flumes has already been described. San Dimas flumes, Sift 
_ wide, had been installed in six small gaging stations at the beginning of the 
i 937-1938 rainy ‘season. These stations behaved perfectly up to the final 
peak flow of March 2, when four of the six were inundated and buried in a 
deposit of brush, boulders, and trees. ‘The | remaining two gave a complete 
4 record of the storm. For example, in the two views | of Fig. 18, note the lack 
of deposited m material either within the flume or in the approach channel, 
. although in the storm of February 27 to March 3, 1938, about 400 cu yd of 
débris passed | through this flume into the reservoir below. a 
| | San Dimas flumes, 2 ft and 3 ft wide, had also been installed in nine large 
gaging stations for the measurement of relatively low storm flows containing 
bed- load. _ These flumes were overtopped repeatedly, and most of them were 
fin ally pi put completely out of operation by boulders or trees t too large | to pass 


‘During | the major part of the 1e storm, flow records were obtained from the 


- adjoining g large Parshall flumes by visual observation of velocities and out 200) 


of hestinas Two of the 3-ft San Dimas flumes, over each of which about 2 000 
7 to 2 200 cu ft per sec of peak flow had passed, cleaned themselves as the moe 
dropped and automatically went into at the | of the storm: 
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happened not to 


t 
ie be the only possible ‘method | 
a of measuring flows loaded 
beyond the range of a flume 
of the San Dimas type. In 
cidentally, Mr. Mason’s ob- 
ervations verif y the writers’ 


conclusions : as to the inade- 
quacy of Parshall flumes i in 


y, heav loaded 


and valuable method 
; for gaging streams when a . 
stable section 
and cost requirements pre-— 
vent the use of a critical- ky 
depth flume. His method 
can be nicely demonstrated 
valid for stable sections. 
However, the measurement 
depths up stream of such 
sections is believ ed by the Fic. 19.—Turex-Foor San Druas Fiume THE Down- 
a  Srream Enp or 15-Foor Fiume; View Facine 
writers to be subject to in- ‘Srream, Two WEEKS AFTER STORM OF FEBRUARY 27 To Marcu 


‘accuracies, due to changing 


bed deposits with ‘ith changes i in stream velocity at various stages. — 


a free over- fall below the point of measurement. 
Attention is is drawn by Mr. Fuller to the variation of coefficients 
exponents in the San Dimas flume with variations in flume width. He — 
to note that this variation is an exact function of width, caused doubtless by 


Variations in energy losses due to. width variation. Under frictionless condi- 


tions discharge would be expected to show an exact relation to flume width. | - 
“Se Incidentally, the San Dimas flume might be « considered simply as a broad-— 
— erested weir, in which depths are measured directly | on the crest instead of up 
stream. In this case, it is easily seen that successively greater widths of weir 
do not have to be considered d geometric models of each other as to total length 


om point of pressure measurement, in order to produce the same ‘discharge — 


2 _ According to} to Mr. Fuller, rating points for a 10-ft San Dimas flume installed 
by the Los Angeles County Flood Control District, formed a curved line on . 
dog. log | paper. ‘Therefore, a least-squares formula could not be fitted to these 


4 


—— 
er These two flumes 
are 
he. 
ith | 
the 
ion it 
q 
hall 
— 
— = 
— 
— 
mas 
TheSen Dims 
lume, on the other hand, provides & stable measuring section, charac- 
— 
eck 4 
3 
— 
— 
vere — 
pass L 
=. as 
the a4 
ding 
000 
— 


WILM, es STOREY ON DEBRIS- LADEN STREAM FLOW 


deta Table 6 contains rating kindly st by the Los Angeles County 
_ Flood Control District for this flume, based on several accepted hydrographic 


= methods. These methods show some variation a: among themselves, due to the | 
7 difficult conditions of measurement and the volume of transported material. 


_ They may be compared with Column (5), Table 6, however, showing values 
7 ‘computed by extrapolation of data from the San Dimas model flume. The 


> - computed flows agree excellently with observed values obtained by Pitot- 


a. tube traverses: which, of the various methods used, should provide | the most — 
; ‘reliable data. The ahead values by Pitot tube can be fitted just as well by 
: = a straight line as by one which is slightly curved, and there would appear ei 
be no more reason for t charging the apparent: slight curvature to the = an 
characteristics than to ) errors of measurement. 
TABLE 6.—Pacoma (CREEK BELow Pacorma ‘Dam; OF R 


or aN Dimas or Ratinc FLuME 


anim: ae 


| 


of Pitot-tube measurements, each with thirteen vertical velocity curves, not computed. “) ae 
4B By tape in well; stilling-well connection, 4.5 ft down stream from transition. tie 
- wy Mr. Fuller states that ‘ “velocity of approach has a marked effect on the 


rating of the San Dimas type of rating flume.” Theoretically, velocity of 


approach should have no effect, although deviation of from 
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ing 


et . the San Dimas flume, however, depths (and pressures) at the measuring 
at point are controlled not only by the location of the critical depth, but also a 
the over-fall down stream and by the floor slope of the flume. — Accordingly, 
they are affected much less by horizontal displacement of the critical depth, — 
i esulting from increased approach velocities, than are depths up stream of the 
‘critical section. | _ This fact is well illustrated by Mr. Stoker’s analysis, showing 
i comparison of theoretical and actual water surfaces. It will be noted that, 
although the critical depth actually lies considerably down stream of its + 
“theoretical location (neglecting centrifugal effects), computed and actual 
water surfaces agree very closely at the piezometer location (1.5 ft in Fig. 16) 
be “all Mr. Fuller states that the San Dimas experiments Ww were made “with Ne 
approach channel having a flat grade.” On the contrary, floor gradients as __ 
7 steep as 4% were used for the approach channel, and, in one run, the channel 
was built up with 1 heavy gravel t to a 25% grade. These alterations had no 
measurable effect on pressures measured at the piezometer point. As another 
test of the effect of approach conditions, in the 6-in. model a standard obstruc- _ 
was into the approach channel each experimental run. 
‘width, ad one perpendicular to the of flow. It caused a 


Mr. Fuller concludes his with a ‘of qualitative : studies 
%. with a small model of the 10-ft San Dimas flume. The model (0.1 ft 
wide) had a geometric scale ratio of 1 1: 100 in dimensions, and 1 : 
discharge. The r relative friction was probably ‘unknown. The writers’ “feel 
q that too much credence should not be placed in results from such a small- 
a scale model, especially in studies of débris movement, the hydraulic character- _ 
‘istics of w hich are little known. In any case, as otated ye prev iously, the writers 
ier that any measuring device has limitations and do not claim the San © 
ers flume to be capable of measuring landslides. a= eee a! 
Messrs. Palmer and Bowlus present a neat analysis of flow p stead ina 
“poe depth flume. As indicated in their discussion, variations in approach | 
‘demonstrated (see Mr. Stoker’s discussion and me writers’ comments on = 
to have little effect upon pressure measurements at the standard piezometer 
ee Messrs. Palmer and Bowlus comment on the advisability of a narrower > 
: “approach channel than three times the flume width. As a result of the writers’ 
model studies i in co-operation with the Univ of a final desigr 
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Pt 
did not exceed 4% of the true volumes. 
It is true that, in these model studies, flumes hav — 
- narrower than in the o 
however. that this result was caused more by* an improved and 
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has | been 1 adopted in which the approach channel is twice the wide of the Soak id 
proper, +, rather than three times. The entrance transition has been kept cylin- 
pen in form, but with a radius twice the flume width instead of equal to = 
This flume has very satisfactory flow characteristics, w ith little turbulence and — 
~ entrance losses computed at less than 2 per cent. A sketch of the present ; 
design i is presented by Mr. Stoker i in Fig. 17. 
rie The writers are personally acquainted with the tandem Parshall flume 
‘installation described by Mr. Blaney. In the stream in question, very little 
_ bed-load is transported except by y unusually high peak flows. In the senior A 
Writer’s experience, the functioned quite adequately—except in : 


4 


shov eled out to prov ide reduced velocities of 
set _ The 3-ft San Dimas flume mentioned by Mr. Blaney functioned perfectly — 
the great storm of March, 1938. Although a a heavy load of sand 
and gravel was carried through this flume into a small reservoir below, at no — 

_ time were deposits formed i in the flume, and it was perfectly clean at the ond Ms 
hl The question has been frequently raised as to actual contents of transported * 
material in flows through San Dimas These contents are 


ing them comets they have been estimated, howev er, at values as great 2 a8 
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J1V19 40 ¥T31D028 
‘VALUE OF WATER TRANSPORT 


By Rurus 1M. AM. Soc. C. E. 


< 


<-water i improvement of 


the Ohio River, the of the Great Lakes to the ‘Mississippi ming] 


i via the Mlinois Waterw ay, and ‘the near completion of. the Lower Missouri and 


Upper give tise to series of ‘questions for which ap 
nd. When n this 3 500-mile system of trunk e: 
inland waterways is porte what will have been the cost to the public of © 


these facilities for commerce and what will be a fair approximation of the 
: annual fixed charges and of maintenance and operation on costs? To what extent 
andi in what manner has is this business of water transportation developed? How 


These e and other s of like apy application the Ww iter endeavors to answer 


af regional of ‘the Mississippi V Valley, as it is known to-day, is the 
direct result of the necessity of using its rivers to transport persons and a 
during the early period of exploration and development. Access to the great — 
domains which the early explorer claimed in the name of his sovereign, was had z 
byw ay of the national water routes then e existing; while the dev elopment of 
that rich territory was almost entirely dependent upon the use of these routes 
traders. Thus, water transportation had an early and continuing — 
influence uj upon n the political and economic growth ofa large portion of the area 
lying between the Allegheny and the Rocky Mountains. = 
one Before the introduction of the steam engine as a means of propelling vessels, — 8 
the rivers of the Middle West were navigated first by ca canoe, and, later, by 
_ keel boats, flat boats, and a few sailing vessels. The commerce of these early 
days was largely a down-stream movement because, with the keel boats and — 
the flat boats, down-stream movements were made with the current and up 
stream journeys by man power. 7 Cargoes were shipped from Pittsburgh, 
_ for instance, to New Orleans , La. , and there the boats were taken apart and 
sold for what they would bring as lumber. . Sailing vessels never were & SUCCESS — 4 


_ for river navigation in those early days because the channels were not buoyed 
or otherwise marked, and groundings and more serious disasters were too 
frequent: to’ warrant any extended use of this type of ves. 
re. A few 3 years ars after the introduction « of s steam as a means of propulsion (about 

- 1810) the boats in use soon reached a —~ of efficiency and reliability that 
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permitted their being operated for up-stream as well as for down- 
on stream traffic. _ The river settlements then began to increase in number and 


aud. 


TION 


size; trade between various parts of the Mississippi Valley and the Gulf thrived; 


ow 
and New Orleans became the focal point of most of the domestic and foreign — 


trade of the Middle West. By 1860, for example, there were about 3600 — 


a arrivals and departures of river ‘ “packets” ’ each year at that port, with more 


i than 750 vessels of that type in commission on the Mississippi and Ohio Rivers. - 


Mile water transportation was thus in its prime and had already determined h. 
the plan of development of the Mississippi Valley, rail transportation ¥ was still i in 


is infancy. This new method of transportation found the framew ork of the | 


enough to become me effective ; it is only natural, therefore, to find that the 


railroads were initially to river ports” as well as to seaports. As 


result, the river communities received a further impetus in their development — fs 
which was reflected in increased commerce on the rivers and also in greater = 


foe - stability of the e regional plan for the interior, based on the rivers themselves. — 
* ae hen the rail lines between the Middle West and the Atlantic seaboard were 
7 completed traffic which formerly was routed by river to New Orleans and thence 
ie by vessel to export: trade and to Eastern ports was diverted from the river 
‘, routes to the direct rail routes to the East, and what began as a battle between 

car two groups of ports resulted in serious injury to water transportation in the - 
interior, Shortly thereafter came the completion of rail lines located parallel 


_ the river lines; the latter were faced with a competition that they could not | 


meet; and their general demise was then only a matter of time. 4 
hy During the greater part of ‘this period of thriving river traffic, the iid 4 


for canal construction, undertaken by some of the States, with some Federal - 
assistance, and some canals built by private undertaking. — _ The main arteries 
<3 of commerce, the r rivers, were left as Nature made them. ; Many se sections of ~~ 

_ Tivers, therefore, were impassable during low water; channels were unmarked; 

snags were a constant menace. it was not until after 


5 improvements to the inland w ater routes of the Valley 1 were limited to projects 7 


. commerce of the Mississippi Valley that a sincere effort to avoid the inevitable 
_ was made on the part of interests which had considerable investment at stake. — 
— It is somewhat significant that the first comprehensive undertakings for the a 
improvement of the major inland water routes were not begun until the decade .* 
_ of 1870 to 1880, when projects for the betterment of navigation conditions on 
the Mississippi, Missouri, and Ohio Rivers were varentar by the Congress of the e 
_ Even had they been promptly and atl carried to completion, the 
: _ improvement programs were begun too late to save the “packet” system of = 
‘Tiver transportation. - Outmoded and obsolete, it had no place in the modern — = 
‘gyatem of moving goods and passengers, and was due for death regardless of a0 
x might have been done to prolong its life. Nevertheless, although this 
particular m method of transportation became practically extinct, there must have 
been something of the nature of John Brown in it auld ‘its soul went marching 
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would be to them if the program of extensive improvement of 
navigation conditions could be completed. In this manner the river projects, BB 
launched well after the decline in the ‘packet’? business had begun, were 
intermittently promoted until a new impetus came along and provided enough 
: ie. additional energy to bring them to their presen t state « of near completion. WR leads. 
_ Navigation interests desirous of securing improvements on the Mississippi — 
Missouri ‘Rivers were aided greatly in their efforts to obtain 


_ attention on the nl improvement of these streams from an entirely different x 

angle, a and, in addition, there WAS & a desire | to stabilize the | banks which were 

quite subject to erosion during even intermediate and low-water stages. The 
alliance of the three interests involved in the control of these rivers has proved — # 
sufficient in recent t years to insure the prompt execution and early | com tion 

of a a program designed to serve them all. 
betterment to navigation conditions which has resulted 
a3 programs of improvement to the rivers in the Mississippi Valley has permitted — “Si 
an efficient development of methods of water transportation which are e entirely ge 
A different from those of the packet-boat days. Passenger traffic (except for 

the excursion variety) has disappeared entirely. fi Freight traffic, which is now Me 

- greater in volume and value than it was during the days when water transpor- 

tation was the chief reliance of the commercial interests of the Mississippi 

; Valley, is handled almost exclusively in large tows consisting of a number of 

a ail barges adapted to carry the particular commodities which they are engaged i in if 
_ transporting, and pushed by tow boats of ample | power to handle up-stream as i 4 
well as down-stream traffic. Naval architecture and marine engineering have 
made great progress with to the design of equipment | ‘suited to the 
various requirements of the water-transportation s service. It is quite evident, 4 | 
a therefore, that in treating the subject of present-day inland-water transpor- — 4 
tation in the Mississippi Valley one is dealing with facilities and equipment — y 
# wholly different from those in use when the basis for the commercial and 


- industrial framework of the interior ‘was laid during the first half of the Nine- < i 


“Routes —Of the 15 000 miles of rivers in the Mississippi Valley, ‘said to be 
- susceptible of improvement, only the main north and south and east and west 
arteries are under consideration in this paper. _ These arteries include the 
Mississippi River below Minneapolis, Minn., the Illinois Waterway from 
Chicago, Ill., to o the Mississippi; the Ohio ‘River: nd the Missouri River 
Kansas City. These comprise about 3 500 miles of completed or projected 
9-ft channels. ‘Iti is believed that all the more important factors involved in the 
problems affecting inland water will be developed by thus 
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| 
are not sufficiently y different from on the main routes to justify their 

: inclusion. A notable exception is to be found in the case of the improvement of a 
the Tennessee River System by the Tennessee Valley Authority, but the basis 
that project, as it is now (1937) being ‘undertaken, is so fundamentally 
different that it is in an entirely separate category from that into which the 
. The total expenditures chargeable to capital i improvements for navigation 
on these main routes amounts roughly to about $550 000 000 to date (1937); K 
and it appears t that approximately $100 000 000 will be required to pay for the - 
_ necessary to complete these projects. The cost of maintenance and 7 4 
has been estimated to amount to $10000000 peryr, 
E _ Terminals.- —With the exception of the Great Lakes cities of Milwaukee, 
Wis., ‘Detroit, Mich. Toledo, Ohio, Cleveland, Ohio, Buffalo, N. Y., and the % 
r “inland City of Indianapolis, Ind., all the great cities of the Middle West are 
© situated on this trunk system of inland waterways. As a result aoe al 
facilities have been provided at many places of importance for the transfer and 
storage of freight handled over these navigation routes. Pittsburgh 
a extensive equipment for unloading coal from the Monongahela River; its steel ad 
mills have ample arrangements for loading steel on to barges destined for points 
2 the Lower Ohio and Mississippi Rivers. Coal- loading points have been — 
established at Colona, Pa., Huntington, W. Va., and Ashland, Ky., on the 
River, and terminals for the receipt of water- borne coal have been 
- provided at Cincinnati, Ohio, Louisville, Ky., and Ev: ansville, Ind. Facilities b 
a = handling steel, pipe, petroleum products, building materials, and miscel- ae 
-laneous cargo are available at some of the aforementioned points, as well as at 
2 On the Lower Mississippi River, equipment is available at all the river cities 
cof importance for the handling of water-borne commerce of all kinds including, — 
addition to those mentioned, cotton, sugar, sisal, bauxite, bulk cement, 
molasses, and grain. On the Illinois Waterway System, only recently com- | 
es pleted, facilities are available for the loading of grain at many points, i 
Bai miscellaneous cargo at Peoria, Ill., and at Chicago, Ill., and of coal at Havana, — 
Th On the Upper Mississippi River municipal terminals have been provided __ 
3 _ at Davenport, Iowa, Rock Island, Ill., Dubuque, Iowa, and St. Paul and - 
Minneapolis, Minn. ; ; and Kansas City hes recently provided itself with terminal 


‘¥ equipment to serve ‘the barges navigating the Lower Missouri River. 2 mana : 
Substantial investments have been made at all these terminal points and at 
‘Many others. 


tog give an indication of the comparative magnitude of some of the dannii of 
_Tranepr Equipment. —A study of the latest published Government report — 
on the subject shows that the commercial fleet in active operation during © 
a on the main inland water routes under consideration in this paper, oo 
sisted of about 540 towboats and 2 340 barges. _ ‘The aggregate installed horse- 
power in the towboats approximated 176 000; the carrying capacity of the 
bar arges about 1 600 500 000 tons. as and nd type of tow towboats 
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appear in Table 1, The replacement cost of this fleet wail per 1 


than 1 700 of the barges are built of steel. 


1.— CLASSIFICATION OF TOWING EQUIPMENT, 


2 
ye 


: ol for towboats and $20 per ton for barges) approximates $67 00 00 000. 0. Mo 


“ies. 
Steel nu Hull Steel Hull Wood Hull 


Horse Power| Horse Power Horse Power 


Indicated | Indicated Indicated 


In 1935, there were twelve operators, each having in active service ‘one or 
- more towboats with a total of at least 2 000 hp and barge fleets of 10 000 tons or 4 
a greater carrying capacity. These operators had 87 towboats with an aggregate 
installed horse- -power of abou ut 85000 and 937 barges | with a total carrying = | 
capacity of 911000 tons. About one-half the total equipment in active service 
—. was s thus operated by twelve major transportation companies. . The towboats ig 
in use by these cor companies had propulsion equipment a averaging almost 1 000 hp 
a the barges in use averaged nearly 1 000 tons in carrying capacity. Itis j 
appropriate, therefore, to assume the use of units of these sizes, or greater, ina — 
study of modern inland waterway transportation costs. 
As with other methods of the cargo carriers are adapted to 
Pe kinds of commodities carried. Barges for carrying coal have been largely 
and are to dimensions best suited for easy passage through 
. These are open top 
Spr and are suitable for the transportation of any other type of dry bulk 7 
cargo which does not have to be protected from the elements. Sand, ‘gravel, ¥ 
and crushed stone are usually carried on deck barges, to permit draining if wet, 
\.. and also because the greater weight per unit of volume of this class of neti 
results in the requirement of less cargo space to obtain project draft. ye Special 
~ tankers have been developed for the transportation n of liquids of different kinds, 
- although in some cases liquid cargo is carried in side and bottom tale built 
into barges primarily designed for carrying miscellaneous cargo. ti - 
a. One of the barge lines which | transports m more miscellaneous cargo on inland 
_ rivers than any other operator has been prominent in the development of the 4 
9 modern type of barge for the transportation of freight of that character. These 
barges have been standardized in two sizes. For on Lowe 


4 


4 
~ 
— (indicated horse power) | indicated 
10 {12070 1207] 2400 | 1 200|"*6'| 6 360 
52 620 705] 17 \10445| 614] 8 | 5325] 
19] 7245 | 381] 29/10760} 371) 10 | 3670) 
1470] 210] 24/5820] 15 | 3440 229) 7| 1805] 271 
_ 100-199... 9] 1300] 144] 28] 3825] 137] 29 | 3715] 163] 42| 5425] 19 
‘Tessthan 95{| 95] 880| 68] 20|1230| 62] 169| 7850 
Total... {98775 | 837 | 114 |35 630 89 |26 296/218|15170) 70 
7 
— 
— 
iii 
: 
iii 


i Miss ssissippi ‘River, where a full 9-ft channel is available, barges designed to : 
any 2000 tons are used extensively. (Each barge carries 2000 tons of 
reight with a draft of 8ft. The average running time for a tow, including all | 
et is 8 days from St. Louis to New Orleans, and 15 days on the return trip. ) J 
The hull of the barge may be used for gra grain or for miscellaneous cargo; ‘the — a 
cargo house which is built on top of the hull is also used for package freight of _ 
various kinds. _ Hatches and side doors have been standardized as to dimensions 
~ and as to spacing, and correspond closely with the door spacing at the terminals. 
eet in this trade on the Upper Mississippi River and into Chicago (where a 
vertical clearances are controlling) are similar in design, but built on a smaller — 
Self-propelled barges are somewhat rare on the Mississippi System of 
water ays; quite contrary to practice on the canals and other waterways in the 
East. Cus barge line had three i in service as express boats for several years, — 
fhe between St. Louis and New Orleans. _ They were self-contained 
- thu carry ing about 1 600 tons of —_ class freight on a draft of 7 ft. 


THE VALUE oF WATER “-TRANSPORTA 


of waterways has been much greater in recent years than during 
7 the period when water transportation was the only means of transporting large 
quantities of freight over long distances. — Furthermore, there has been — 
| bunt growth of traffic since the projects for the improvement of om 
_ toutes have been nearing completion. Excluding the traffic on the tributaries, 
a the total water-borne commerce on this system 1 in 1915 5 approximated 15 000 000 _ 
aa tons; it now (1937) totals about 30 000 000 tons per yr. A large proportion of © 
- this movement is over a comparatively short haul and is composed of coal and 
- building material on the Ohio River. The average haul has been gradually — 
Pa increasing, but whether this will continue is problematical, as an important 
A; - factor in this tendency has been the rapid development of long-distance traffic, 
during the past 10 to 15 yr, over the Mississippi Rive er routes. 
There has been sufficient experience with reference to the cost of c constructing © 
and operating equipment since about 1920 to make 
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Equipment Costs.—Although there appears to be a wide variety in costs of 4 

al | _ towboats this is due largely to differences in size or class of operating machinery. _ am a 

built 3 ‘The more modern type of steam towboats will be found to sy ae 

these 800 to 1 000............. 


a 

E VALUE OF WATER TRANSPORTATION 


Type of per ta 


Fixed ‘Charges s.—An approximate idea of the fixed charges which are ‘usually 
applied to barge operations may be gained by reference to Table 2 » othe 
TABLE 2.—Frixep 1n Bare GE OPERATION, AS 


ing = 


Depreciation 5 
Insurance 
Taxes 

Annual overhaul 


‘The wage item upon the size the crew employed and also the 

~ locality i in w hich the operations are conducted. _ One barge line pays an average 

of about $3 per man per day. . Its operations extend throughout the entire 
streteh of the Mississippi River below St. Paul, and the crews on the towboats— 
vary in number betw een 20 and 30 men - In the Pittsburgh District wages have ‘ 

averaged as high as $6 man per day. . The. operators in that vicinity, 

~ however, have been able to use fewer men in the crews (normally, about pases Fo 
-men on a towboat with a capacity of 1 500 ey Rates o on the Upper eb 


River vary | between $4 ries $5 per man per d 


_ Subsistence costs vary between $0.55 per man per day for the barge line 
enndlbaini to as high as $1.10 per man per day in the Chicago District. t. Pitts — 
_ burgh rates are in the vicinity of $0.75 per man per day. _ These rates depend — 
upon the number of men employed and upon the availability of good markets. i 
costs vary in parts of the country. 
‘District coal is generally cheaper than fuel oil, whereas on the ‘Mississippi and ; 
Illinois Rivers fuel oil has the advantage. Fuel oil requirements are best 
expressed in ton-miles of | of cargo transported per barrel of fuel. For steam — 
towboats this factor averages about 2600 ton-miles per bbl of fuel for ik 
ee steamers and about 4 800 ton- miles per bbl of fuel for Diet —~—_ 


—— 
Towboats using Diesel engines are usually slightly higher in cost. The 
foregoing data apply to installations with direct drive; if electrical drive is 
iil 
f 
> 
— 
— 
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‘THE VALUE OF “WATER TRANSPORTATION 

‘These performance data ; apply to in still water where : depths 
S978 Lubricating costs for steam towboats average i 3 mills per ihp 

he each full day of service. For towbo ats equipped with Diesel engines the 

-eost of lubrication is about 8 mills per ihp per day for a two-cycle engine and > 
es, 4 mills per ihp per day for a four-cycle engine. These values are based on 


a the use of a centrifuge for cleaning the oil and a price of $0.60 per gal. a 


Part of the total cost of repairs to towboats is included as a fixed charge — 
ie the caption, ‘Annual Overhaul.” In addition, repairs throughout the 
i season for steam towboats cost on an average of $0.03 per ihp per day and, in the 
cae of Diesel engine installation, this cost is about $0.04 per ihp per day. -. a 
ae ‘The aunt of repairs to barges depends largely upon the service for which they : 


ate used. If used for handling bulk « cargo, which is unloaded by heavy ma- 


chinery, the total annual costs are comparatively higher than in the oom of 
ug _—-~package-freight barges on which lighter materials are unloaded by hand. These — j 
two services represent the extremes, and repair costs will be found to vary, , 
therefore, between 1% and 5% of the first cost of the barges. 
Costs of superintendence vary with the character of service ond the 
covered. A check of the various operations indicates that this item w will amount 7 
Pe annyally to from 1% to 2% of the cost of the fleet. Miscellaneous | scharges 
ey deck supplies, laundry, waste, and home small items and are found — 
to $0.01 per ihp per day of service. 
Performance. study of performance statistics of a large number of steam 
towboat operations on River gives the ton-miles per horse- 


- found tov vary y with the project depth and with the Sebstiel of free water under — 
: the barges. If the barges are “hugging” the bottom, there is considerable © 
drag, which is reflected in decreased speed for the same fuel consumption. 


For instance, in still water, performance factors would vary y with the depth 


water under the barges, 


Transportation Costs Consolidated—Table 3 contains the estimate of costs 
or the several items involved i in connection with the operation of a typical tow 

_ of 5000 tons propelled ‘at the “average ‘rate of 53 miles per hr in still water. 


= are estimated for different load factors applying to the propelling units 


5 might be utilised. ‘Table 4 give es the cost of transportation for s self-propelled 
wat barges of three different sizes and under varying conditions as to load factor. ' 
‘The costs for the 1 600-ton unit. were compiled from records of actual operations; ‘ nf 

- those for the 2 400 and 3 200-ton units were computed for purposes of. comparison. a 
_ Representative values have been used for unit costs of fuel and lubricating 
al and for wages and subsistence, and a suitable allowance has been made __ 
‘hecessary to correct for partial: equipment. to 
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ine Annvat Cost, In THousANDS OF DoLLARS* 


factor Main. | Catton, 


ALA ab Wages*| te- 
‘Description barges | Fi and | nance 


main- 


158.4 
158.4 
158.4 


158.4 
158.4 
158.4 
Lig 


Bulk cargo... 40 


freight .. 


; {3 20 


Noo 
ooo 


as 

oss 


63.5 7.2 194.7 
63.5§ | 6.3§ | 184.9 


m3. | 10.8§ | 249.1 


63.55 228.8 


freight . 


63.5§ | 9.9§ | 205.9 


63.5§ 9.0§ | 194.2 


A 

7. 
49.4| Tall 221.5 99.0 


20 «| 460] 82.8 32 35.4 45 5 
20 540 4 £ 32 35.4 6. 0 


_ * 300 days in commission. t+ 2% to 4% of Column (3). $1% to 3% of Column (3). 90% of the 
eorresponding values in Table 3(a). 70% of the corresponding values in Table 3(a). 50% | of 


oe Table 3(a), Column (3), the first cost includes: Towboats @ $300 000; bulk 
--—-—s eargo barges @ $20 000; and package-freight barges @ $30 000. In Column 

the annual fixed charge includes: Towboats and bulk cargo barges @ 18%, 

and package-freight barges @ 16 per cent. Towboat wages (Column (6), 

on 3(a)), are based on an average rate of $1 350 per yr per man; and, —_ 


= 


TABLE 3.—Costs or WaTeR TRANSPORTATION BY STEAM Tows a 
indicated horse power; and speed of 5.5 miles per 
— 
700 | 126.0 254.5 1.613 
a 211.6 1.336 
900 | 150.0 279.5 1765 
600 | 102.0 225.5 } 1425 
510 | 87.6 208.7 
pargo...... 460 | 828] 36 | 32 138.6 | 140 
— | 420) 756) 2.7 | 32 | 138.6 | 1338 
| 7890/1308] 7.2 | 32 | 138.6 | 1.707 
2.060 
238 
— x= 
Package freight .. 171.8] 59.4 | 2.802 


food the (Columr ©) i is per er yr per 
man. Fuel and lubrication costs (Column (8), Table 3(a)) amount to $36 per 
= per ihp, with the cost of maintenance and repair at $11 per yr perihp. The a 
costs in in Column to Table 3(a), are based on an assumption of $20 to $30 per 


is of no use in itself but 1 may be used in the process of water. 
ip transportation costs if the necessary load factors are known. — Unit costs are bs 
shown in Fig. 1. 
TABLE 4—Costs oF Waren Transportation, | Seur-PROPELLED BarGES 
eh (Speed in still water, 8 miles per hour) erhour) 


First |Annual| | Super-| Mis- 

cost | fixed Ww i | cella- 

of jcharges 

unit | @16% 


wy att Factor,70 PerCenst. vs 


113.7 
79.4 129.8 


95.7 gn 
109.4| 69. 1 1.583 
124.8} 92. 1.356 


Peery. in commission. + At $1 350 per yr per man; 18 members in the crew. § At $250 per yr per 


At $1.00 per yr per ihp. At perihp. "At $9 per ihp. ** At $3 per ihp. 


Load Factors.—A load | cual in water transportation might b be said to be the 
3 ratio between the total number of ton-miles resulting from one season’s opera- — 
of @ unit and the theoretically possible total movement. Therefore, to 


— THE VALUE OF WATER TRANSPORTATION — 
— 
1600} 800} 208 | 333 | 243 | 45 | 08 | 28.0] 7.2 | 60 | 24 |106.5| 738 | 1.443 
2400) 950) 262 | 41.9 | 24.3 | 45 | 33.2] 6.0 | 2.9 |122.2| 1106 | 1.106 
50. 24. 5 | 11 | 38.5 5 3. 39. 7.5 947 
1100) 316 | 506 | 243 | 45 | 11 | 385] 99 | 7.5 | 33 | 0947 4 
1600 800} 208 | 33.3 | 243 | 4.5 0.7 | 25.2| 65 8.4 102.9| 64.5 1.5065 
950] 262 | 41.9 | 243 | 4.5 | 2.8) 7.7 | 89 118.0 96.8 | 1.219 
$200/1100) 316 | 50.6 | 243 45 | 10 347] 89 | 108 [134.7] 1290) 1048 4 
980 82.9 | 1.372 
3200/1100 110.6 | 1.173 
3200) 1 100 — 
| 
— 
1600} s00| 208 — 
1100] 316 | 73.7 1625 
‘wa 
4 


4 


a load factor for a towboat it is first n necessary to determine the total 
number of hours during which the towboat will be in commission. — Multiply . 
this is by the number ‘ of tons in a capacity tow and by the still-water speed, in 
WS 05% ste miles per hour; the result gives the 
(@) SELF-PROPELLED BARGES theoretical total tonnage possible for 


ns 


\, | Bites number of hours during the 
inw hich the towboat is in commission, 
The actual performance will be mea 
7 ie _ sured by the number of hours the tow. 


PACKAGE FREIGHT heaving been made for terminal and 
ri mechanical delays and also for chan- 
o nel delays, such as groundings, time 
— lost through passing through bridges 
or | locks, etc. Another item that 
; must be used to reduce the load factor 
| for a towboat is the average loading of : 
2 carriers as compared with the theoret- 
ical capacity load. The final item for — 
consideration is the character of thecar- 
a 
go mo movement, itself; if itis a balanced 
BULKCARGO movement no “further adjustment in 
load factor is required; if the move: 
Ory correction must be made accor ingly. 
‘In the case of ' barges a similar procedure should be followed in determining 
ee load factor for the operation under consideration. it will be seen that a 4 


Propelling Units 


- 


& Preliminary. —Many notable | papers have been gen published in an attempt to 


undertaken in the United States. Possibly as many contributions have been fe 
on behalf of rail transportation. waterway papers have been 
discussed and criticized by railroad advocates, while the railway point of view 21 a 
me om has been argued against by those favoring the waterways. One would think — a 
7 that all points for both sides of the controversy had been covered time ne and time 
again; that there was nothing more to be said, and that nothing could be gained y i 
: by prolonging the argument; and yet the strife appears to continue; waterways % 
a are accused of “robbing” the taxpayer and of taking traffic away from their :: ‘ 
~ ee competitors, whereas the railroads are alleged to be engaged in the nefarious 4 
a practice of f reducing ri rates wherever water competition exists and making up the = 
2 loss at the expense of their customers located where the advantages of water Ms % 
- competition are not available. Of course, this attitude is understandable when 
F it is realized that each side is attempting to protect its own interests; but the 
ee results are not necessarily along the lines of better understanding or of co Re 


_ structive accomplishments for the public at large.  =3 
= 
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‘TRE VALUE (OF WATER TRANSPORTATION 

pie asia ‘Economic V alues.— -The main water transportation routes in the 
ty Mississippi Valley will hav e cost the United States at the rate of about $186 000 x 
per mile of length when completed. Maintenance, including the operation of 
the locks and movable dams, will cost at the annual rate of approximately — i: ca 

3 000 per mile. The capacity of these water highways for carrying freight will — 
on vary. The open rivers will be able to carry practically an unlimited tonnage, | 
but the canalized sections will be limited by the rapidity with which the carriers Y 

E) may pass through the locks of highest lift in those sections. For instance, the | 

ey traffic from the Lower Mississippi River and the Missouri River to and from the 
— Mississippi and the Illinois Waterway System will be limited by the | 
capacity of the lock on the Mississippi River at Alton, Ill.; through traffic iy 
between Chicago and the Valley may not exceed the eapacity of the lock at & 
Lockport, Ill., at the lower end of the Chicago Drainage Canal;andthe capacity 


of the Upper Ohio River will be determined by that of the locks at the dams 


uo below Pittsburgh. With single locks at these three critical locations, as built Pe 
a as proposed, the limits will approximate between 20 000 000 and 30 000 000° be 
tons per yr, respectively. The construction of twin locks at these places would 
z result in more than doubling the capacity of those sections of the waterways at 7 4 
By way of comparison, it is understood that modern railroad construction i “a 
costs in the Mississippi Valley vary between $50 000 and $70 000 per mile of »- 
i track, and that maintenance of way and structures cost on the average 
a... from $2 000 to $3 000 per mile annually under heavy traffic. F urthermore, 
4 is the understanding that the annual traffic capacity of a single-line railroad _ 
_ between 20000000 and 30000000 tons, depending on the class of 
freight which predominates. It is thus apparent that inland-wa aterway 
et construction is much less flexible than is the case with railroad construction and, * 
_ without regard to capacity, it costs more to build and to maintain. - Further- 
hay more, railroad distances between given points are e generally shorter than those 
fib Aone which is an additional credit to railroad transportation when con- | 
at struction and maintenance costs are under consideration. = = 
Conditions vary so much as to terminal operations that it is difficult to draw Me 
E. _ any general conclusions. Usually, rail terminals are located on more expensive > 
o property than water terminals so that total fixed charges are comparatively 7 
: _ high; but since they are likely to have a higher use factor there is probably little’ Z 
-difeence between unit fixed charges. With operating costs conditions should 7 
Bs favor the railroads because such transfer operations are generally conducted at 
_ one elevation, whereas at the river terminals there is a wide fluctuation k between :* 
low and highow ater stages which requires a considerable vertical movement of 
es - cargoes. Where joint rail and water transport operations are involved addi- 
. tional transfer operations are required, and as regards the waterway traffic in _ 
ane the Middle West, these transfers are always at the cost of the waterway carrier. _ 
= This condition is somewhat different from the methods in vogue at several a 
ani seaboard rail terminals where such costs are absorbed by the rail carriers. bog @ 
As to comparative costs of the two methods of transportation, there ae 
no no further cause for misunderstanding. Modern methods of inland water 
have in: in for a sufficient length of ‘time, 
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7 ‘THE VALUE OF WATER ‘TRA SPORTATION 
enough data he have assembled on the subject so that fairly definite con- 
clusions may be reached. ‘First costs and fixed and maintenance charges 3 
ae _ equipment for both types of transportation facilities on comparable operations — a 
aa are readily ascertainable, and actual operating costs for a variety of traffic — io e 
_ conditions are known. iw hy argument continues along these lines is a question, E 
A study of various authorities on the subject indicates that for railroad — : 
a  eperation in the Middle West the cost of maintaining equipment plus fuel ) 


_ supplies, and wages, averages very ¢ close to 4 mills per ton-mile. — Interest on 


7 ws in equipment and its depreciation (which are dependent upon the : 
- load factor when unit costs are under consideration) vary from about $0,.0006 } 
per ton-mile for a load factor of 100% to as much as $0.0015 per ton-mile > when =. 
is the load factor is 40 | per cent. - Total unit costs for this range of load factors, a 
therefore, lie between $0.0045 and $0.0055 per ton-mile. Comparable costs for 
water transportation, as demonstrated previously, : are e from $0. aoiss to $0. onl 
8 per ton-mile. The latter should be corrected 
J are generally longer than those by rail. Betw een points « on the Ohio River this Pas 
_ factor averages about 1.4; between Chicago and St. Louis, it is about 1.2; on the 
4 Lower Mississippi River, iit approximates 1.5; and d up stream from St. Louis the 
Comparison of Costs—It is now possible to make a rough comparison to 
~@ demas the net tangible cost to the country at large of supporting trafficon 
the main Ww of the Mississippi Valley. if it is assumed that 


s about $175 000 000 would be involved compared with the present. cost of the 

& water highways of $550 000000. The annual traffic to be handled is about 
= 5 500 000 000 ton-miles via water routes, the equivalent of about 4 000 000 000 

ton-miles by r: rail. Comparativ e costs would then be as shown in Table 5(a). 


BL ARISON OF COSTS, IN MILLIons OF DoLLans vd 


(a) Water | (6) Comparison 
Trarric CaRRIED _ ON THE Basis 
BY RaTLROADS or PRESENT 


: 
SERVING THE SAME WATERWAY 


haus 


1F WATERWAY 
Trarric Equals 
THE CAPACITY OF 
a Srncie-TRack 

| Water Rail Water Rail Water 
| | » | @ 


G 17.5 5 
Operating charges 3.75 100 Bs 5 


65.75 | 233 | 167— 155.0 


kk 


— 


is apparent, aad ‘that the country at large is paying more for its trans- 
portation in the amount of about $22 000 000 per yr on account of the present — 

ica of the main inland waterway routes in the Mississippi Valley. nt e 

- When improvements under way are completed these water transportation 


‘routes could easily secommodate an nannual t traffic of at least 50 000 000 000 tm et 
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on the addition of duplicate locks at critical this capacity 
gould be doubled. If a comparison is made on . the basis of the capacity of the | et 
present ' waterway improvement projects (in which case the first cost of railroad — 

to carry it would be twice the sum given previously) costs involved | 

would approximate those in Table 5(6). ‘In this case the comparison favors 

i water nenemangeenen . If the water traffic totaled 35 000 000 000 ton-miles the | 


nding railroad tonnage | w ould be about 25 | 000 000 000, henicromarescag a? 


this 

large for waterway development, therefore, lies in the ability of 
aa industry and commerce in the Middle West to develop and support water 

traffic approximating 35 000 000 ton- miles 
4 It is to be noted that these comparisons take no account of rates charged for | 
either rail or water transportation. _ Rates are notoriously artificial as far as the Ye 
_ pailroads are concerned and where they are in competition with water they bear _ 

se little relation to the cost of services performed. _ Water rates, on the other 
x - hand, are generally as close below the corresponding rail rates as the traffic will © 

a bear. In any event it is the costs that determine the net direct effect on the a 
A national wealth, and it is only when rates become so low as to be destructive of - a 
ai - healthy competition or so high as to prevent industrial development that they 


= one respect only are the comparisons incorrect; that is, with regard to the 

costs of the transportation | routes themselves. For the water routes, the —. 
costs result from a study of the records of actual expenditures by the Federal : 


replacement costs, but the accumulation of expenditures from sporadic ap-— 
* _ propriations made over a long period of years, a substantial proportion of which __ 
r has been undoubtedly wasted by reason of the uncompleted nature Vand, 


since the inception of the projects. These costs, therefore, arenot 


construction works. For the rail routes replacement costs used a 
1 - therefore, they make no allowance for wasteful expenditures of the past which 
_, are the experience of many great enterprises. There is no accurate method of ES 
striving a ata replacement cost of the waterway system; nor is there any way of 
- - telling how much has been spent to bring any given mty of the railroad system 
j _ the conclusion is drawn that inland water transportation | over these particular 
routes costs the nation $22 000 000 per yr, the carriers are 
a substantial advantage. so ding 


program of ‘public as involved in the development ‘of water- 
- transportation routes in the Mississippi Vs alley, | it i is necessary at the beginning te 
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ways as reflected in transportation costs. Questions of subsidy to water 
earriers are thus eliminated; nor is consideration given to the subsidy enjoyed 
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‘aman: Water carriers as well as rail carriers are only a means to an end «4 

; ie a that end is best t expressed by the statement that the people still are engaged — 3 

7 a oid Another point to be kept i in mind is that most of the construction a 


the expenditures. already made. The sum of $550 000 000 has been expended, 
- 2500 miles of channel finished, and about $100 000 000 will be required to 
i. complete the remaining 1 000 miles of channel to project dimensions. 8. Argue 
ments as to the wisdom of works already completed are somewhat academic as _ 
a. the money expended cannot be recovered without putting these projects to 
work. It would seem more to the point for all concerned to join efforts to 
_ insure as large a return on the previous investment as possible, whether it was — 
- There is little question but that the old ‘ ‘packet”’ boat was a controlling 4 
influence in the formation and growth of the “plan” for the ‘Middle West. As + 
a. a result, this “plan” was based on the’ great rivers, and as many as have been ; 
_ the changes in industrial development and in the forms of transportation which 
_ Serve’ both commerce and industry, the fundamental elements of that “plan” a 
: 


4 


“ aan The present ; problem, therefore, i is ; simply to determine whether 

that “plan” has sufficient merit to justify its perpetuation as against any 

“4 All the great nations of the world have been developed on the premise that 

the sea is the base of the system of transportation. _ The world ports achieved 

oi, 4 their pre-eminence because they served a as focal points for the lines of trans- 
iy - portation to the interior and as gateways for ‘commerce over the free routes of ia 


the high seas to domestic as well as foreign destinations. The controlling 
elements in this situation are: (1) That ocean transport was, and still is, cheaper 
_ than land carriage; and (2)—which is possibly of greater importance—that the a4 
_ water highways are free and dedicated to the unrestricted use of all. ia 
_ By close analogy the interior of a great country may be developed to best 
advantage by preserving for the use of the general public | the free water he 
ways of its great rivers even at some expense, if necessary. The principle 
4 involved i is identical. In the writer’s opinion the price of about $22 000 000 per 
_ yr is a small one for this country to pay if, in making this investment, it 
accomplishes the multiple purpose of salvaging large expenditures made in 
previous years, of preventing a violent readjustment in the distribution of 4 
industries and population, and of preserving a group of ‘minor “sea bases” 
located on a secondary coast line 7 000 miles in length 4 
_ vail ¥ here i is another — set of intangible values involved i in this question 


statement? by the late C. E. Grunsky, Past-President, Am. Soe. C. E.: Ge 


“In his opening | paragraph the a author [the late William Murray Black, M. 
hm Soc. C. E.] presents the conclusion that a new waterway line of trans- 
; ers should not be established unless the need for it can be shown and — 


as possible. The investigator is concerned u 
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‘ont when the advicnbilite of sucha line of is studied, 
and by virtue of which many a project may be found advisable, despite the 
fact that it cannot, perhaps, for many years in the future, produce revenue to — 
meet in full the interest charges against it. This element is the project’s — 
contribution to general prosperity as measured in terms of population, of 
_ business, and of property values. It becomes a factor because the expenditure <3 
-_of funds in its construction, and the utilization of the facilities which it provides — a 
when it is completed, bring i increase of population; and to the extent that the > 
growth in population of the zone coming under the influence of the improve- oar 
ment is thus accelerated, to the same extent will land values increase and 7 
wealth be created, which may fairly be weighed against the cost of the i improve- La : 
- ment when the advisability thereof is under consideration. Society, in other ae a 
words, may reap material advantage from many an enterprise that would be - 


- condemned by the stockholder who 0 weighs only the cost of the service against — 


The application of of ‘the principle stressed i in this quotation to the advisability | 


of completing and utilizing the main water- -transportation routes of the 
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HIGH COST OF INLAND WATER 


pais 
Due to its historical background, water in the “Missisippi 


‘Basin, in yoont, itself strongly into the national 


x 
™ 


ness, After the decline of river traffic, following the fixation of traffic routes 


and th the development 0 of railways , having certain elements of inherent superiority 


‘Ss satisfying tr traffic needs, this early j y impression resulted i in a public demand for 


the continuing development of river xr transportation at public expense. 


silts, 
This demand was largely based upon the supposed necessity of w waterways to 
supplement inadequate { facilities of the railways and to o act as r regulators of their 

rates and practices. — Under present and foreseeable future conditions, these 


‘reasons: have lost such validity a as they ma may y have had, and the justification of a 


ow waterway development in the Mississippi Valley at the expense of the taxpayers : 
alg rests upon the test of relative economy of water and rai rail a 


taking in into account all elements of cost. 


fl The r rivers s of the V alley are not of the class of w aterways freely al ; 


= 


rp ‘Shi a state of Nature; they require large expenditures for channel improvement. — 


~ 3 The major elements in the cost to the publie of transportation on these rivers 
are: The annual charges pertaining to Federal expenditures for improvement, 
and the service charges. of the river carriers. 5 - Certain other elements of cost, 


‘-h such as those pertaining to bridges and river terminals, are not now known in 


; When t the two major elements are e reduced to a ton- mile basis, for compari- 
with: the total cost to the public of rail transportation, which is 


- known 


The question of waterw ay improvement for purposes, 

td ‘\ieideanamag in the great interior basins of the United States, has been long and 

7 actively discussed, before this Society and elsewhere, and it would appear that 

every pertinent viewpoint has been adequately covered. - The continued activ- 
ity of the question, how wever, | ‘would seem to indicate that a realistic appraisal, 

from the viewpoint of the public interest, has not = iaiaaas = accept 
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ased upon a misapprehension. = 
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4 nce, and that river improvement for transportation purposes has been and is 
being over-emphasized, to the detriment of the primary function of these — 
The rivers of the Mississippi Basin exercised an atest function in i 
national life from the time of the first explorers in the Sixteenth Century, through _ 
the years of the pioneers and settlers, and well into the period of settled trade oe 


and commerce that opened with the Nineteenth Century. As long as 
s muscles of men and animals were the only motive power available, river = 2 
portation held an inherent ‘superiority in eff efficiency 
ce Consequently, there were e impressed into the nethonal consciousness certain 7 q 
feelings as to the e superiority and virtue of river ‘transportation as such,andas 
F to the necessity of its continuance, in the future as in the past, as an essential an 
P part of the national life. Itis a characteristic of such generalimpressions, upon = 
, other subjects as well as this, to persist { for some time after their factual basis i 
: bas passed, and to be evidenced, in discussion of the particular subject, by em em- 


phasis upon the emotional, rather than the realistic, viewpoint. The Mississippi a 


Valley Committee of the Federal Public Works Administration, for example, 
writes of the waterways in the Valley, “they have a romantic and tr ediicnal 7 


Of Peet 28 
interest which cannot be disregarded.”"* 


~The function of the: railroads as s freight ¢ carriers did ‘not , develop immediately - 
their first construction. 
_ Were primarily passenger carriers. An examination of the railroad map of 1840 he 
will disclose the complementary relation of the > early railroads to the waterways. * 
West of the Alleghenies the first railroads wi were mostly short lines running to 
‘the Great Lakes and to various rivers. The same situation is marked on the ray 4, 
‘ railroad map of 1850. _ The map of 1860 shows a different picture. — The shift — 
§ traffic from river to rail had begun, following the great change in direction of ro 
BD xge initiated by the opening of the Erie Canal. The growth of the country 
was such, however, that neither of these causes produced an immediate decline — aa 


i Mississippi River commerce; the year 1860, for example, exceeded all previous j Pie 


records i in number of steamboat arrivals and value of goods received by river i ; 


Professor Frank H. ‘Dixon cites® two causes, of rail competition, 
for the rapid decline in Mississippi traffic after 1860: (a2) The Civil War, which 

- closed the lower river to commerce for several years; and (b) conditions at the pe F 
mouth of the river r which, after the introduction of steam navigation, seriously ae 
obstructed the access of ocean carriers to the Port of New Orleans, and which f : 
= not remedied until the completion of the Eads jetties in 1877. ‘asa men 


‘Rept., Mississippi Val. Committee, PWA, October 1,1934,p.4. 


7 ‘“A Traffic History of the Mississippi River S tem,” by Frank Haigh Dixon, Document No. vg 
National W Waterways Commission, 1909, Govt. rinting Office, Washington, D. C 
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some of the of the rivers of the as 
iM 
routes may | be mentioned as: 


Rigidity of ‘location, preventing a tinitversal and flexible service, requie g 
of land transportation to serve points and involving additional time 
In many cases the river courses Ne: across, rather than along, the major 
Circuity, or greater distance between § given points; bees 


upon use of economical types of craft, and only to be partly remedied by large 
Ix (5) Large variations in river level, requiring additional elements of dock and 
a _ wharf facilities for handling goods betw een river bank and river craft ; and, 


Closure of northers ays s during the winters season. my 


The rail carriers, in turn, held an inherent: superiority over ‘the 


_ 7 _ transportation efficiency. This situation seems not to have been as clear prior 


to 1870 as it is in retrospect. Professor Dixon makes the interesting statement — 
iat * * one of the causes assigned for the building of cars by shippers was the 
fear of the railways that the restoration of river business after the war ye 
Te have such a serious effect upon their | acre that it would be unwise for them. 


} 


The shift of traffic from river to rail, and the e rapid growth of the country ’ 

and ays its transportation needs after oe Civil War, caused the railroad plant 
erways from the viewpoint 

of the ‘public interest became the concern of various official committees and 

- commissions, as well as of many private organizations and individuals, ical 

as, these bodies based the need for inland waterway transportation upon the peri. 
odie inadequacy of the railroad plant as then functioning, and the national 

necessity for supplementary and additional transportation facilities.. oye 

_ The sudden and large increase in the nation’ ’s commerce and -transportati 

needs during the World War again taxed the railroad plant to its limit, ,, and, 

S together with the taking over, by the United States, of transportation on certain 
eG. waterways in 1918, apparently contributed to the feeling that land transporta- 

By a tion could not be considered adequate for the nation’s needs; that it ‘must be 
supplemented by inland waterway development. 
a ee. As the march ¢ of events and | the passing of an era came to discount the cor 
< rectness of this conclusion, emphasis seems to have shifted to a , superior economy 


ibe qae Economy or River 


bli From the viewpoint of economy, waterways fall at once: into two distinct 


- ‘amen First, he oceans, the wide and deep estuaries of great rivers, and certain 
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le lakes (including, in some cases, relatively short connecting 
| and second, rivers, such as the rivers of the Mississippi Basin, which have the - 
an disadvantages previously mentioned and which require large expendi- 
tures to permit navigation by a restricted type of craft. Waterways of the 
fa class present no great limitation upon efficient type, size, and operation of ae 
& cargo zo carrier, 8 and constitute transportation routes superior in economy to 
any present form of land transportation, 
ea oe the viewpoint of transportation economy no analogy can follow from i 
i class of waterway to the other, unless there be considered and included the . 
cat of creating and preserving such conditions of the rivers as navigation upon me 
a ‘Of the total costs of river improvement only a part 1 is recorded so as to be - 

"available, namely, that part: representing the direct expenditures of the United i 3 
-_— and, in some cases, of political subdivisions. Substantial additional — 

costs, such. as those involved i in the construction a and reconstruction of 
railroad bridges, combine to make the true but unknown total. 
finding as to the various elements of true total cost pertaining to public i Saath D 

~ ment work, including river improvement, was adopted by the American Rail- 
Engineering Association in 1935® and is also stated in the 1935 report of the 
Committee of the Engineering-Economics and Finance Division on Principles 
_ to Control Governmental Expenditures for Public Works.’ 

Accompanying the thought that waterway development is necessary to 

eats additional transportation facilities, has been the view wpoint that im- 
proved waterways are natural competitors of the railroads and effective regula- _ 
~ tors of their rates. %. ‘This theory was advanced as early as 1874 by the Windom © 

‘Select Committee on ‘Transportation Routes to the Seaboard of the United 

States Senate. The 1 more clear-sighted commentators, however, have recog- 
a In 1909, Professor Dixon stated that “if the purpose is to reduce railway hy 
es, there are more direct and less costly methods of accomplishing this re- _ Es 


sult.” In its first report of 1910, the National Waterways Commission pointed hs 
out that expenditures on waterway improvement for the purpose of regulating 
& railroads c or reducing rates were not justified by either reason or experience. ah 

5 _ The scope of railroad regulation has been so extended and strengthened in 
7 recent years as to justify the conclusion of 1 these two authorities. i The subject ain 
is treated by the National Transportation Committee, which, in its | report of i 
“The development of regulation and of new methods of transport make it ut 
“unnecessary for Government further to create and foster competition with or 
oe among railroads as a defense against monopoly. _ That is an expensive and © 
— ineffective attempt to do indirectly what Government has shown its uals to 


* Proceedings, A. R. E. A., Vol. 36 (1935) p. 238; also, Bulletin 371, November, 1934, p. 238. 


Am. Soo. C. E., February, 1936, p. 219. 
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bs In so far as government policies have been finluslia by Federal interven. it 
tion, to create and maintain competition with or among railroads as a defense —§ 


: against monopoly, they should be abandoned as wasteful and unnecessary, — 


| 


a view r of the foregoing, an attempt to appraise the fundamentals of the 
‘ ‘situation | may be in order. The public necessity requires. a satisfactory trang- 
‘9 portation service. A satisfactory service is one thati is, to the highest practicable — 


degree, adequate, efficient, and economical. Although these. characteristics 
more or less interdependent, they may be commented upon separately, 
_ There seems to be general agreement that the railroad plant is adequate for — s A : 
the transportation needs is it is called upon to meet and that it will continue to be ¥ . a 
i. 80 for some time to come. The total revenue freight transported by Class I i . 
rail carriers: of the United States in 1929 and 1935, is shown in Table 6, Columns 
and (3). The transportation performance of ‘the major rivers of of the Missis- 
sippi Basin—the Ohio, Missouri, and Mississippi—covering 1 river traffic 
tween Pittsburgh, Pa., Minneapolis, Minn., Sioux City, Iowa, and New Orleans, 
4 in 1935 was as shown for comparison in Colum (4), Table 6; the figures for S$ 
waterways include materials used in river improvement work as well as 
TABLE 6—ComPanison or REVENUE TRANSPORTED 
Ina broad sense, the railroads serving the Valley have a reserve ve capacity a 
least proportionately equal to that of the railroads of the United States. _ 


_ Considering that the railroad plant was not overtaxed in 1929, and that its — 

4 productive efficiency has been i increasing and will continue to increase, it would 
appear that the construction, maintenance, and operation of waterways in the 

am Valley is no longer justified upon the broad ground that other agencies of wer 

: portation are, or will be, inadequate in 1 capacity to serve the public need. oa 

_ From the viewpoint of efficiency, the rail carriers have certain inherent ot 

Ae’ & natural advantages, such as a superior universality and flexibility of service, 

4 and the power to render continuous transportation without delay or expense 

for transfer at intermediate points. Under an equality of conditions the relative 4 

efficiency of two or more types of transportation : service will be clearly revealed ; 

by the test of public use. __ These conditions are such as would cause each type 2 

to offer a service reflecting its own natural advantages or disadvantages, as well re 
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the total cost 


Under such -eonditions there is little doubt as to the direction in which the | 7 
of public use would point. is well known, however, that such 


_ The rail carriers are subject to a great 


‘management. On the other hand, the river carriers are eb free to pursue — 
such policies and practices as may s¢ seem to them appropriate, and are further } 
Besrrsry by acts of Government, to offer their service for a charge which does 7 
-- cover its total cost by a substantial margin; in other words, the users of the 7 
service are paying a part of the ‘cost and the e taxpayers are paying the remainder. a : 


a Even under the present inequality of conditions, the superior - efficiency « of 


Tail transportation, based both upon its natural advantages and also upon alert _ 7 


progressive management within the limits imposed by regulation, is gen- 
erally conceded. _ Definite expression of this judgment may be found in volum- > 


shipper testimony before the Interstate Commerce Commission in one 


of its is current general proceedings.* bk apaly 

a be The third major requisite of transportation is that it be economical. — a . 


Py omy is necessarily relative, and certain approximately known elements of cost 


river and rail transportation may properly be compared. 
Broadly, the total cost of rail transportation to the public may be measured 


by the charge for the service, the freight revenue. In 1935 the average charge, 
_ Orrevenue, per ton-mile of revenue freight transported by the Class I rail car- 
Tiers of the United States was 9.9 mills, of which 0.7 mill was directly refunded 


g ; - tothe public in the form of taxes, thus reducing the average total charge to 9.2 _ 


per ton-mile. Substantially these figures apply to the railroads 
the Valley. For convenience, the rounded unit of 1% per ton-mile may 


a t kept i in mind as the outside total cost to the public of rail transportation. Pet : 


° ay, The rivers of the Valley are of that class of waterways requiring large ex- 
__ Penditures for navigation, and these expenditures do not appear in the accounts’ 
— the river ‘carriers. 3s 29! _ Neither the costs of these carriers nor their charges for — 


or costs of river carriers 


4 

The portion of river transportation n cost paid by the Federal taxpayers, 

- when reduced to the ton-mile unit, differs widely as between the rivers of a: 


— 
(1) Substantial equality In respect of Deneficial, restrictive, or 
and regulation; and (2) a system of service charges coveri 
mass of restrictive legislation and regulation, OFiginal 
interest and now onsidered man o extend far into the field o 
— 
— 
for — 
— 
— 4 — 
y at 
ates. 
t its | 
ate & Measure OF the total cost to the public of transportation on these 
rivers. This total cost includes at least the following elements: (1) Expendi- 
tures upon river improvement for purposes of navigation (a) by the United 
States; (6) by States and political subdivisions; and (c) incidental costs to 
vice, 
ative 
type 


Missteaippi Basin. paragraphs these values are given for the — 
= rivers, the Ohio, the Upper Mississippi, the Missouri, and the Lower 
Mississippi, and for a few of The data are derived from the 
S. Army, and are for the y: year 1935, i 
which is the atest ‘for which edd mile ‘nie are available. Interest at 
_ and current maintenance costs are used, and no allowance is made for amortiza- 
: = tion. To produce unit costs comparable with those of rail carriage, va 
- factor i is used, representing the excess of river distance over rail distance, 
__-In order that the discussion may include every possible factor favorable to _ 
‘Fiver transportation, ‘a number of findings are quoted from the report of the 
Mississippi Valley Committee of the Public Works Administration, which 
seems to be the latest comprehensive and independent study of the subject 
This Committee, stated by the Administration to be “a group © of the nation’s 
leading: scientists and technicians,” | devoted a year to the preparation of 5 5 
report upon the use and control of water in the Mississippi Basin, which was 
a bs made public in December, 1934. The membership of the Committee included 
aa the Chief of Engineers, U. 8. Army, and its attitude was one wholly s; sympathetic 5 
with river values. In considering the following data it should be remembiled 
that t transportation on these rivers is no new or untried experiment; it is older 
than rail transportation—as old as commerce in the Valley. __ we el 
_ Ohio River—During the period of the Revolution conaiaeeslll trade de 
_ veloped between Ohio River settlements and New Orleans and via New Orleans 
- to the Atlantic seaboard. A regular packet service of keel- boats was e established 


rat on the river in 1794. The course of the river is largely parallel to the wy 


__-eurrents of traffic; it flows through a section highly industrialized for many — 
a 4 years and in which bulk commodities are found in great quantities. Tonnage 
a ari, on the Ohio exceeds that on the Mississippi from Minneapolis to New Orleans. 


‘ = _ Notwithstanding these favorable factors, Federal expenditures on the Ohio — 


- fiver amount to 5.5 mills per ton-mile of river traffic. - To make the total cost — 
x“ as low as the total for rail transportation would require that all the other costs 
< of river transportation previously mentioned aggregate not more than 3.7 mills 


seems improbable that such i is the « case. i 


‘9 ste to sbessiie river carriage. _ Its tonnage, but not its ton-mileage, has been 4 
larger than that of the Ohio; in 1935 it was about 86% of the latter. — Disregard- 


«ing cireuity, which i is slight, the Federal contribution to cost’ of transportation 
on this river is 1.3 mills per ton-mile; 85% of the tonnage is coal, moved down 
stream from mines along the river. ail fees! Jn Jeon 

If it be asked, what interests have benefited from the expenditure of of about 
4 $185 000 000 of Federal money on the Ohio alone, the Mississippi Valley ( Com- 
inistration answers: 


than 95% of total c commerce on the Ohio River. 


“ Practically all of this traffic i is handled by priv: ate carriers who pay no tolls, 
x other words, under present policy, the construction costs and the operation — 
ae and ‘maintenance costs of navigation | ee are at Federal expense, and no 
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Mississippi River Above the Ohio. —The- first steamboat is onid to have 
ascended to Fort Snelling, near St. Paul. Minn., in 1813. During the era of Re 


_ getive settlement in the Northwest, beginning about 1845, the river carried _ 
— commerce. -Following the extension of railroads into the Trans- 


_ Mississippi region, traffic left the river rapidly because of its natural disabilities, : 


such as the condition of the channel, its closure during the winter, and chiefly © 


s exceed $217 000 000, exclusive of $40 000 000 for maintenance an and “nn 


< Iti is not possible by any calculations of business to discover an 
economic justification for the vast expenditures on the projected improvement 7 

_ of these waterways; especially from the prevailing viewpoint of self-liquidation, — . 


also even from the view point of coverage of of 
and operation.” 


issouri River. —Although the first steamboat a: ascended the River 


1819, its commerce has always been relatively insignificant. Its natural 
he channel conditions are re particularly ur unfavorable for navigation and its location _ 
stream from Kansas City is equally unfavorable for the needs of traffic. 
- Disregarding circuity and any expenditure on the Fort Peck project, the 
a to the Federal taxpayers of river transportation between Sioux City and ; s 
_ the mouth is 22 cts per ton-mile of total tonnage and the maintenance cost alone _ s 
¢ is4ets per ton-mile. In 1929, more than 99% of the total tonnage was material t 4 


E for river improvement work. In later years, the percentage is simply stated as _ 

: “large”; however, in 1935, rafted piling, stone, and sand made up 84% of the Fg 

The Committee finds that the total ¢ 


under wa way will be about $250 000 000 ‘and ¢ characterises this pan nemenres as 

having ‘very doubtful justification.” Considering that 3}% interest alone 
would require a ton-mileage of about forty-three times the present (in itself 
: largely composed of Government materials), in order to reduce this interest cost Ww 


to 1 ct per ton-mile, the characterization may be pronounced conservative. _ s 
Ms ee to the possibility that Missouri ri River traffic will ever be such as to justify =~ 


i. this is expenditure, or any substantial part of it, the Committee comments: lye 
Assuming that t the more optimistic estimates of future traffic c on the river _ 
| be realized, the savings to shippers which would result from free operation of — 
om waterway would exceed by only a small margin the annual charge to be 
Y borne by. the public for maintenance and interest on the investment. *** 
hep current estimates of prospective tonnage are exceedingly liberal, and mip 
“Me present t traffic 0 on n the section below Kanete Ci ity may be accepted as in any Ee 
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hich onthe main stem between Minneapolis and the mouth of the Uhlois¢cts per 
ject, ee ton-mile and maintenance alone amounts to 0.6 ct per ton-mile. One-quarter _ wy 4 a 
on’s __of the total tonnage is material for river improvement. 
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li on a free waterway, is ver light.” eae 


Mi Toc complete the picture, it should be mentioned that. thoes construction period 
< of the project has produced considerable business for the constructors, the 


producers of materials, and the transportation agencies, including the 


As to the t tributaries of the Missouri, the Committee finds 1 that { for the 5-yr 
_ period, 1928-1932, excluding non-recurring tonnage for construction of the 
Sean Dam, river traffic on the Osage | cost the Government $3.50 per ton-mile _ 
Mississippi River, Cairo, I Ul. , to New Orleans, ‘La. —On the Mississippi below : 
3 its three great branches ¢ one would expect to find, if at all, the great national — 
waterway, carrying a large volume of traffic at a cost less than the pore 
range of any transportation cost by land. What are thefacts? = 
Up to June 30, 1935, the total cost of construction and maintenance work _ 
done by the Mississippi River Commission above the Head of Passes was about _ 
: - $417 000 000, of which a relatively small amount pertains to the river above 
Cairo, Ill. The 1935 maintenance was $5 177000. In recent years these 
af figures include expenditures for flood control which are not segregated from 
= expenditures for navigation. However, the Committee finds that the cost of = 
improving this ‘section. of the river (Cairo: to New Orleans) for navigation, in 


_ of 1928, may be estimated conservatively as $190 000 000 and that the average 
annual ‘maintenance is at least $2 700 000. ii 

6 The Committee also finds that the av erage snail traffic for the 5-yr period, ; 
——-: 1928-1932, exclusive of material used in Government work and of the coastwise a 
and foreign traffic below Baton Rouge, La., , was about 1 681 000 000 tone 

miles: and that, | after allowing | for circuity, the total ‘Government subsidy 
_ provided to shippers by river would be about 9 mills per ton-mile. ot 
a) fa Disregarding any expenditures subsequent to those considered by the Com- 
- mittee, a similar calculation for the ton-mileage of 1935 shows a st subsidy of 7.2 2 os 
- _ The addition of costs pertaining to river terminals and the costs or service — 
charges of river carriers will obviously produce a total ton-mile cost on ‘this 
section of the river greater than that of railhaul, 
ot The Committee comments that matter seems to merit more ‘thorough 4 
wat 
and comprehensive consideration than it previously has received. 

_ Tributaries of the Lower Mississippi—These tributaries present a picture 
a unfavorable to the economy of river transportation. J Table 7 shows, for 1935, — 
on the more important tributaries, the dominant tonnage, the total | Federal 
subsidy per ton- -mile, and that part of the subsidy represented by the year’s 

maintenance cost. Circuity i is disregarded. 

M fajor Rivers Consolidated.— More broadly comparable with the substantially 
“a oni unit cost of rail transportation, is the consolidated F ederal subsidy to 
4 transportation on the aforementioned four major rivers. _ For the year 1935, 
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TABLE 7. TONNAGE AND FEDERAL SUBSIDIES, ON 


THE Lower Mississipp1 RIVER 


maintenance 


River Character of tonnage | | incentsper |  only,in 


sand, gravel, and logs 25 


— $29 000 000 or, allowing for circuity, | 10. 1 mills per ton-mile of commercial eat 


#A rom time to time States and agencies of the States have made considerable _ 


on improvement of waterways in the Valley. In the case of 
highway and railroad bridges over these waterw ays, the additional expenditures 
“necessary to provide the type of structure and the horizontal and vertical 4 


At present, there appears to be no comprehensive and authoritative compila- 
tion of these other expenditures on any of the major waterways of the Valley. — 
_ Although the total would doubtless increase, wendepelliy, the unit cost of river 

_ transportation derived from the cost of channel improvement, it is probably 


in comparison with Federal expenditures. 


: 


the: Inland “Waterways Corporation, owned and by the United 

} States, i is the dominant common carrier by water in the Valley. Operating the 7 

~ Rederal Barge Lines with modern and efficient equipment, its freight revenue is - 

ema an approximate measure of that part of the cost of river ‘oan 7 
represented by the necessary carrier service 


appears, ‘therefore, that 3.5 or 4 ‘mills per ‘ton- mile should be 
added to the costs previously mentioned as representing the necessary revenue 7: ny 
ee - of the common carrier by river. The costs of private and contract carriers are an 
doubtless less, although the e cost of private t terminals should be included; but, rs 
under present conditions, the provision at public expense of a free waterway ole 
these carriers seems open to ‘serious question. be jad 
Again, the circuity factor should be applied to the ton-mile cost or rrevenue — 
of the river carrier, in order to make it ro with the cost of rail cane 
‘portation. 
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COST OF INLAND WATER TRANSPORT: 

7 — expenditures and common carrier revenue—produce a ton-mile cost to ‘the 
= — of 12 or 13 mills as against a total cost of 9 or 10 mills for rail — 


__ Any consideration of the feasibility of common-carrier traffic on the river by 


ar % the use of private capital should include the experience of barge lines ro ea 


between St. Louis, Mo., and New Orleans, from 1875 and Ise" as giv = 
hada a capacity of from 50 000 to 60 000 bushels of fo and the lines carried 
general merchandise as well. Fuel was carried for the round trip and prompt 
Teliable schedules were One shipment in 1880 included: 6 757 
7 of flour, meal, and grits; 6 710 sacks of corn, oats, and bran; 1 500 packages of — 
meat and lard; 150 bales of hay; and 24 992 bushels of bulk corn. In 1887, four — 
lines were operating boats a and 120 barges and were later consolidated 
_ For the seventeen years, 1887 to 1903, inclusive, ee vate on grain 
from St. Louis to Liverpool, England, by river via New Orleans, were from Sto 
9 cts per bushel lower than those via rail to New York, N. Y., and, in the latter 
year, were 6 cts lower. Notwithstanding this differential, the movement of 
4 bulk grain by river show ed a general decline after 1890, and by 1903, the barge 
lines seem to have passed out of the picture as an unprofitable investasllll $A 
_ At present, grain is not an important part of river tonnage. — In 1935, after, 
a eliminating the tonnage in foreign and coastwise commerce on the lower river, 
- wheat, corn, rice, and all other grains form the following percentages of the” 


“total t tonnage: Ohio, 0.05; Upper Mississippi, 4; Missouri, 0.8; and Lower 

% _ The suggestion is sometimes made, and at first glance appears pertinent, 
that consideration, of expenditures 1 that have » already been made on the wate 
_ waysi is ‘ “academic,” apparently using the term in a somewhat disparaging sense. 


In effect, howev er, this is the same as that and fu 


aed is also ‘suggested, at first with apparent rate that : ‘although the ‘existing ie 
investment in waterways may not have been wholly wise, this investment 
24 should be preserved or “salvaged” by providing for its continued use. Itis dl 
4 "generally admitted that the United States has a very great surplus of transpor- 
os tation facilities. : _In so far as transportation efficiency i is in the public interest, _ 
the use of, and the addition to, the less efficient age agency is a drain upon the ene 
- tion’s resources and a check upon its total productivity. The real present - 
question is not as to the salvage of an investment; it is as to the preference for 
the smaller and less efficiently functioning over the larger and 
yt We agency of transportation, rail, water, or any other, regardless of invest- 
‘ment, should be preserved and fostered simply because of its past performance. 
4 if and when it becomes relatively inefficient, outmoded, , and obsolete, the add 
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‘From the viewpoint of past performance, however, whatever it may be 


F INLAND WATER 
-_ sidered to be worth, there i is svimethiiig to be said for the rail carriers. In the — 
* words of the Mississippi Valley Committee: od 


soa: “A nation with our territorial extent, population, culture, and vital de 


pendence of one section upon another, is unique. It has been made possible 


waterways of the Mississippi Valley, is no longer a sound basis for expenditures. .s 
the improvement ms maintenance of these > waterways for transportation 
purposes. The justification o of these » expenditures in the public interest has | 
c been based upon the supposed necessity of transportation facilities additional a 
i and supplementary to. to an inadequate capacity of the rail carriers, and a also upon 
the assumed necessity of improved rivers as competitors of the railroads and a 
regulators of their rates. These considerations may or may not have been valid 
il in the past. ‘To-day, they are no longer relevant; the public interest is based e 
‘the relative economy of such available agencies of of transportation as. 
capable of rendering asatisfactory service, 
a __ The total unit ¢ cost of river transportation it in the Valley, including that ae 
-@ the cost paid by the taxpayers, is, in general, greater than the total unit cost 


by an elaborate and adequately cupported railroad _ Therefore, i 


oh rail transportation. Due to the fixity of river location, any benefits of river 7 


- improvement paid for from the National Treasury tend to accrue, not to th the 
nation as a whole, but to special or localized industries and localities. bias ies 

_ The nation’s credit is of the highest and is expected to remain so - Conse .. 
Ere quently, public expenditures will have to be repaid, with interest, by taxation. A 
a Expenditures which are an exercise of a power of Government, rather than an 


% exercise of one of its basic and essential functions, should rest upon a basis of a 


economic justification. Otherwise, they constitute a levy upon the nation’s s 


total Hal consumption of and services. 


_ CoNcLUsIONS 


wir 


i (1) Projects upon which the cost of F Federal maintenance exceeds the cost of 7 
2 using other transportation facilities, should, if such other facilities are available _ 


and adequate, be retired forthwith, or be turned over to such local interests — a 


as may be able to operate and maintain them on an economic basis. 


(2) Projects upon which the cost of Federal maintenance is less than the 
cost of using other available facilities should, in justice to the taxpayers who 


“provided and now support them, carry s such service to as 


_ be equitable in each individual case. 


ae (8) Additional expenditures should not | 
economic justification; a definite showing, 
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rest, the Valley would appear to prompt some such suggestions as the following: __ a = — 
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pe made except upon a basis of 
after consideration of all costs 
a 


transportation service will be produced ata total « cost less than that of 
the words of the Mississippi Valley Committee: va 
oy is believed that this phase of the subject has in some instances in the 
past been too lightly considered—if considered at all. Economic justification i 
should be definitely established early i in the study of any proposed river or — . 


improvement.” 
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HARTLEY ON WATER VERSUS RAIL TRANSPORTATION ail 


Gronce Harter,’ Esq. letter) —An important factor mentioned 

in the introduction of the | paper (see “ Historical”) was excluded from the 

4% Major | Putnam calle attention to the fact that, in the past, those who have: 

pis 

= wished to secure cure improvements 3 for navigation on the Mississippi and Missouri 
‘Rivers have been aided greatly in securing Federal appropriations for river 

i works: (a) Because e great flood damage focused national attention on river AG 
improvement from an entirely different viewpoint; and (0) because “there 

- a desire to stabilize the banks which were quite subject to erosion ree “ae 
No further references to either flood control or erosion are made in the paper, a, 

= and, | in a later statement, when evaluating the cost of capital improvements, | 

specific mention is made as to what of the capital improvements 

ia “may be assigned to flood control and erosion. For example, under the head-— 

ing, “Existing Water Transportation Facilities: Routes,” the author state 
de total expenditures chargeable to capital improvements for navigation 


Putnam’ previous , that some allowance may have 
a attempt to proportion specific —— between navigation and the two c 
x factors, flood control and erosion. _ In the event that the total ¢ cost, as given, : 
includes the roaeynentasl for flood control and erosion, the capital cost utilized © 


by an amount equal to the “cost of these improvements, and the resulting 
a costs would place the waterway at once in a much more favorable position — " 


F when viewed from an economic standpoint relative to railroad transportation. 
Tt attempt has been made to evaluate the capital charge as well as the — 


8 operation charges on bridges erected over these rivers to correct for increased R: : 
‘Se cost of construction due to navigation requirements. Mr. Wonson makes the a 


a following statement t (see “Other t Expenditures”’) with respect to this f feature: 


the case of | highws ay and ‘railroad bridges waterways, the 


ry additional expenditures necessary to provide the type of structure and the 

ve samen and vertical clearances imposed in the interest of navigation have 

7 ; been considerable, and there is a continuing element of cost in lifting — 
0 


the elevation of many fixed bridges. pe ails to 
¥ _ The charges referred to by Mr. Wonson are directly chargeable in a a 2 
kr parative analysis to the capital cost of the waterway. — In most instances, oe 


Were it not for the navigation requirement, all the bridges constructed = 


5 tance of : approximately 50 ft and still provide more than sufficient peak 
* to clear the highest high water. This reduction in height might result in a 

saving of approximately 50% of the capital cost of construction. 

bf more, the reduction, if allowed, would result in a program of "Tuten 

construction over these rivers, and to consider, the 
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“AND WILLOUGHBY ON TRANSPORTATION 


Bridges 1 have always been at. ata disadvantage when navigation 
were the controlling economic factors. No: attempt is ever made by the U. §, 
om War Department to determine, economically, the relative value of the pe . 
ar posed bridge with  Tespect to the vessels ) requiring increased clearance. These 
decisions are alw ays in favor of water-borne traffic, and the War Depariment 
has upheld any reasonable objection to reduction in clearance require 
; ments. A bridge costing millions of dollars may never be constructed it 


i some yachtsman using the waterway should require a clearance | that would 


= 


e increase the cost of the structure to such an extent (eh, oe project would 


have to be abandoned. bec) 

‘Dz Favucerre,” AND J. E. W ‘ILLOUGHBY," ye Soc. C. 

letter).— —The region included in Mr. W onson’s- ‘paper is a land ares 


~ encompassing the Mississippi | River and its tributaries. * _ The truth, as disclosed 
. - Mr. Wonson, is sound for general application to all inland vives: and canal 4 


<= 


transportation in the United States. That truth applies whether the relative 
a land area to length of river and canal is great (as for the great interior land area ql 


drained by the Mississippi), or of less extent, as for the peninsula’ of Florida. 
This peninsula has a form such that no producing area is more than 75 miles 
from the coast. _ The annual rainfall is large, and there are many rivers from 4 
the interior to sea. The rivers are drainage channels now flowing i in 

submerged. valleys, the filling of which was the result of the recent subsidence 
; of the peninsula. | Florida has a long shore line with many harbor indentations, 
and much Federal ‘money has been ‘spent on | recommendation of the Chief of 


Engineers, U. S. Army, to develop a river traffic for Florida products to the 
cities along the Atlantic and Gulf Coasts, the river to be used to the scaabony 

and then the Atlantic Ocean or the Gulf of Mexico. _ This peculiar conditieg 

A - makes for minimum river haul and maximum ocean haul, as compared with the 
; - area discussed by Mr. Wonson. The inland waterways in Florida that have — 4 
_ been created into a system at Federal cost aggregate: Thirty projects, including ig 


q 1 869 miles, and with a 1935 traffic of 57 233 000 ton-miles. 4 Federal expendi- 


ale 


a 


836 000. “The average annual maintenance the 5-yr "period in 4 
1936 was $425 000. Service at 3} 3% 0 on the total expenditure of $31 836 000 is 
$1 111 250 per yr. The total annual maintenance and service charges are are ’ 
— $1536 250. The cost to the Federal Government i in. 1936 was 27 mills per ton- & 
oe ~ mile, not including the cost of vessel operation, or service on capital invested in 
er vessels, wharves, etc. This ton-mile cost of 27 mills will be increased as 
compared with railway and highway transportation, due to the circuity of the — 
q water route. The four principal railways in the peninsula of Florida in 1985 a8 
§ handled a freight traffic of 4 337 243 000 ton-miles at a cost of 10 mills per ton 4 
- mile, which includes the total cost to the user—service on capital, maintenance — 
of railroad and equipment,.and cost of transportation. 
Bsive The high cost of inland water transportation in the Florida Peninsula is 


%Chf. Engr., Seabord A. L. Ry. System, Norfolk, Va. 


Chf. Bngr., A. C. L. R. R., Wamlegten, NC 
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Service on total of permanent- way expenditures to ane 


Total paid by taxpayers. 


Estimated cost of transportation, paid by use 

as compared with inland rail transportation: 9); 
vice on total expenditures for "permanent way and 
equipment, cost of maintenance of permanent way ‘oni 


equipment in 1936, and cost of transportation.. 


ail) 


4 


tis is of interest to note that the service charge on on the cost of permanent — 
_ way of a water carrier for freight service is 20 mills | per ton-mile. The service ba 
charge 0: on the cost of permanent | way for rail transportation, when allocated as 
between freight and passenger traffic, develops only 2 a per ton-mile for the _ 
in the foregoing list the four principal calbuuyert in Peninsular Florida paid taxes — 
% for the year, 1986, to the State, and other civic units in Florida, equal to 


ote a net cost of inland rail tremeipertutbeny as compared with inland water 
of 9.4 mills for rail against 31 mills for water. 
Ve. _ Mr. Wonson touches upon the question of waterways having rigidity. of pb 
a location, which prevents universal and flexible service; and, in his “Summary, ni 
% 7 he shows that improvement when made, tends to accrue not to the nation as D 
whole, but to special and localized industries and localities. of 
., This prompts the sugges 
transportation also comprehend consideration of the s service e features in 


of economics. 3. Probably. ‘at no time e during the past 10 or 20 3 yr has” 
a the matter of transportation service entered so largely into problems pertaining 
By. to commerce and industry. This transportation, of course, means moving one’s 
_ goods from where they are to where they are to be sold; and delivering them, — 
With reasonable and suitable promptness, in a condition such that they can be — : 
sold. In order to serve the greatest number and maximum requirements for — 
-all.classes of commerce and industry, of course, the complete transportation &. 
& instrumentality should not be limited and rigid in its location and should not 
ae be cireumscribed by being adaptable to only certain classes of industrial 
am products, which narrows the field of usefulness. On the ‘contrary, railroad 
fate as they stand, offer and are able, in substance, to carry all classes and 
character of goods and id commercial with safety, , and 
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BORDELON ON WATER 
and (when all factors of cost are properly considered and taken 
account) economically, 2s compared to water transportation. The 
_ Toads permeate and serve the entire nation. - They are not rigidly held to any any 
ne geographical location. They are performing transportation to nation, 
ighly developed and still developing. Therefore, in the public interest and — 
_ in the expenditure of public funds, consideration must be given to the fact that 
rigid location for water transportation narrows it to certain ¢ commodities and 
is not a broad instrumentality that finds itself easily justified. The facts are 
- that when goods and commerce are to be moved, it is service and quality and 3 
expedition of that service that is sought—a fact which cannot be ignored, i 
D. BorpEton,” Esq. (by letter).- —The authors of the papers compris- 
ing the Symposium—otherwise of generally divergent views—agree that inland 
waterway transportation was essential to the very life of the Middle West and s 
_ the Ohio Valley at least until about the 1860’s. Before that time there was 
virtually no other means of mass transportation of goods and people. — es 
tnd Even at the middle of the Nineteenth Century there were no railroads west 
se Mississippi River; St. Louis, Mo., Cairo, Ill., Chicago, Ill., and New 
Orleans, La., had no lines of railroad whatever | ‘until about 1852, and the — 
Bien of New Orleans, St. Louis, Chicago, Cincinnati, Ohio, Pitts: 
7 burgh, Pa., and the “Twin Cities” (Minneapolis and St. Paul, Minn.) were q 
by watercourses. It is small wonder then, that the inland 
4 waterways were regarded at that time as of such great value to the life and — 


The authors are also in agreement that the subsequent extension of rail 
y* lines to include all the vast territory tributary to these main rivers brought 


about the general demise of river transportation. These rivers were no longer ; 
ot essential differences between Major Putnam and Mr. Wonson oy | 
4 fairly be said to be whether there is at this time any economic justification for ie . 
_ the further expenditure of public funds to create and maintain inland water — 
- ways whose use is free to private purposes as well as to operations for profit; — 
a and whether inland waterway costs should include interest on funds spent in ; 
= creating a and maintaining the channels. x An | appraisal of these differing points 
; ag of view, as well as of governmental policy in respect to the inland waterways, 
may be aided by a review of certain facts probably, in the main, forgotten. iit 
an Beginning this brief discussion with the period in which the ; railways had a 
= supplanted inland water carriers, and at which time also the capacity 5 
of the rail lines was occasionally over-taxed, it is found that the organized — 
7 Movement fora revival of inland water transportation began i in the early pes 
‘erystallized in 1895. During that year the International Waterways 
= . Convention was held in Cleveland, Ohio, followed five or six years later by the — 
‘First National Rivers and Harbors Congress, in Baltimore, Md. The a — 
- sembling of these two conventions, joined with the work of various commercial — < 
- epee ety stimulated new interest in waterway transportation. In 1902, 
passed a Rivers and Act for the of a 


= ron 


4 

ve 

Ig 

‘y 

ia 

r 

= 

— 

— 

— 


BORDELON- oN WATER VERSUS 1 RAIL “TRANSPORTATION 


“Board of Army Engineers to review, an engineering standpoint, all recom- 
‘te mendations for waterway projects. In 1903, the people of New York voted 
000 000 for the improvement of the Erie Canal. 
- Many conventions and congresses were held in 1907, and in that year, acting 
in in part on the belief he had voiced in his Memphis, Tenn., speech and as a part aa 


dg: _ Ohio, as Chairman. ae In the | preliininary report of that Committee, i in n 1908, it 
q “While the railways of mainland United States have been notably efficient — 
Ee a in extending and promoting the production and commerce of the country, it is a 
dear that at seasons recurring with increasing frequency they are unable to” 
’ e keep pace with production or to meet the requirements of transportation.” 
a, an Commission further declared that, although navigation of the inland 
waterways had declined with an increase in ra rail transportation during the ¥ 
2 latter decades of the Nineteenth Century, it was clear that the time had arrived . ato : 
a for restoring and developing such inland navigation and water transportation 
upon expert examination appeared to confer a benefit with 
es the cost, to be utilized as a necessary adjunct | to rail transportation. © aie swede 
Le While trustworthy estimates cannot be made ‘without further data,” said 
‘ the Committee, “it is reasonable to anticipate that congestion of interstate 
commerce can be obviated in a large measure by judicious improvement of ax 
waterways adapted to barge and boat traffic, at a figure much less than esti- 
_ mated by competent authorities for so increasing railway facilities as to mee t 


= Forest Service, and other branches of sali service in so far as their work 
i related to inland waterways, for the purpose of making further investigation of : 


various kinds. 


We 


silt of oll. noted odd 
ape The e National W; Waterways Commission, composed of twelve members of the BY. F 
Senate and House o of Representatives, came into being as the result of an Act 2. 
* by: statute was to investigate questions pertaining to water transportation va 
the i improvement of waterways, and to make recommendation to Congress. 
Th its preliminary report in 1910 this, Commission declared that although 

5 there had been a tendency to improve waterways for the purpose of lowering 
railway rates, it could not endorse > this as as a desirable policy to adopt; that such 

a policy rested, in the first instance, upon the transparent fallacy that — 
constitute an intrenched and uncontrollable monopoly which could 
3 not be > reached | by legislation o or other orderly legal methods ; and that the o only bs 
way in which to compel them to lower rates is by the expenditure of large sums a 
recommended that a definite policy be : adopted regarding the relations 


between and waterways. “Buch Commission 
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1314 -BORDELON ON WATER VERSUS RAIL TRANSPORTATION 


should be based on the idea that the purpose of i improving was to 
ze additional means of transportation, and not to reduce rates or regulate +: 
the r railways. Experience had demonstrated, according to the Commission's 
report, that waterways could not be relied ‘upon as the great cheapeners and 
regulators of railway rates, which they once were supposed to be. The report 3 4 
statement that no ag country used its waterways to 


i ministrative bureau of the nce and that the waterways were improved. 4 i 
_ with the idea of securing additional means of transportation. | — po rate 
. 4 In its final report, in 1912, it was said that some of the economic factors z 
theretofore unfavorable to the development of water transportation were 
gradually changing. Population was increasing rapidly. The average in- 
_ erease for the decade preceding 1912 had been more than 1 590 000 per year, 
; Industrial development of the country was also making rapid strides, according _ 
a to the report, and the value of agricultural products had doubled in the pre- — 
The Commission found that the movement of traffic had increased entirely Et 
out of proportion to the increase in transportation facilities. During i 
a period, 1900 to 1910, according to the report, the railway mileage increased 
se 36%; the number of locomotives increased 56%; the number of freight — 
- ears, 56%; while the ton-miles of service performed increased 80 per cent. — 
_" Previous to that time, the development of transportation facilities had increased — ; 
rapidly than the demand for them, and the railways made special efforts to 
_ secure traffic of any kind for their idle equipment, even on very low rates. — With 
; the e rapid e expansion which took place between 1904 and 1907, however, all the 4 
surplus capacity of the railways was soon exhausted, and a traffic ‘congestion 
The car shortages of 1906-1907 caused widespread complaint and dis- 
satisfaction, and increased the belief that the railroads were inadequate to 
mest the needs of the country’s commerce. Herbert Quick,” one of the most 


gould not handle the nation’s traffic. He referred to the car shortage in 1906 j 


and 1907 as thisfact,and stated: = 
“The best ‘railway description’ of the situation is s that we have been Aten § é 


- and engines that on the whole there is not enough i iron in the country to on “| 
_ their needs, not labor enough to make and install the new equipment and trai ck, 


This thought p persisted during | the years prior to the. World War. 
; In the “Census of Transportation by Water,” a special report of the Census i 
a for 1916, it is stated that, although t the. development of inland water- 
a ways had not continued in the preceding decade to the extent desirable, further — 
Me development was necessary to meet the demands of existing commerce, to 
me prevent t the recurrence of congestion at at the ports and to to permit water-borne 
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BORDELON ON WATER ER Ral 

he World War the to a head. The of 
Lrg it caused undoubtedly over-taxed the then existing railroad plant. 

Water transportation was partly taken over by the Government as a means 

transport supply and to supplement existing transportation | services in 
Tt is of more than passing g interest to observe that the entry of the Federal cay ee 
~ Government into the water-transportation business was due to the exigencies en 

of war. In the Annual Report of the Hon. William G. McAdoo, | Director 
General of Railroads, to the President in 1918, the former stated that he had 

om appointed a committee to make a prompt investigation and to suggest a definite ey 

plan for the additional use of internal waterways so as to relieve or 

Py The Annual Report of the Chief of Inland Coastwise Waterways Service to _ as 

aS the Secretary » of War for the fiscal year 1920 stated that the particular purpose s. 

of the Committee on Inland Water Transportation, and that to which its efforts 

mainly addressed, was the study of the feasibility of utilizing the water- 

-.. ways for the relief of war-time freight congestion of the railroads, which w: was” e! 
then beginning to be keenly felt; and, that the necessities of the circumstances me 5. 
a _ required the adoption of a plan that would give immediate relief to shippers and | oe se 
the public by moving a ‘fixed quantity of water-| -borne freight to the relief of ‘Ks 
other facilities. He stated further that as rail- transportation facilities became — 

2 yearly less able to handle, alone, the entire traffic business of the Mississippi 


_ Valley, and as annual periods of of rolling-stock shortage brought i increasing losses : 
a the mercantile communities of the Central West, active interest began to be 
directed to the interior river system. «= | 

- Corroborating this thought, Maj. Gen. T. Q. Ashburn, in his testimony in 
: BD axes 1935, before the Joint Committee of the Senate and House considering a 
the bill to regulate water carriers, stated in part: ‘Please remember that the ~ 

Tebabilitation of our interior waterway commerce with the erying 


needs of ou our troops home and overseas. ap 

va experience of the war led to the deep-seated belief in many quarters 

that the railroads would never be adequate for the transportation needs of the ~ “a 
country and that they would have to be supplemented by some other agency, 
Which later was considered to be the waterways. _ This belief was repeatedly — a 
expressed by those who investigated inland waterway development or who 5 
championed the inland waterway movement. For. example, James E. Smith, 
President of the Mississippi Valley Waterways Association, stated in 191928 
re __ “The time has come when the people of our whole country are insisting upon 
th e » Government adopting a broad, comprehensive plan for the improvement and <i 
; of our important navigable rivers as transportation ihave not kept 
, '* The people of our country know that our railroads have not kept gs 
% pace with the growth of our commerce, and that its further growth and expan- _ 
sion and the full development of our country’s resources are absolutely depend- 
ent upon the use of our navigable waterways ** 


4 Doe. No. 1632, H. R. Doc. No. 5879, 74th Cong., 1st Session, March, 1985. ae a 
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At same time President of the Louis ica of 
Commerce, made the following statement: wy 


ar “Heretofore the Mississippi Valley has not had sufficient outlet to encourage 

Rae _ intensive production. Agricultural, industrial, commercial and mining re 
J sources of the Valley are so varied and so unlimited, that it was not surprising ee 
a9 Se ae that commerce, growing out of these resources, was expanding beyond the — 
lm fn,8 ee capacity of the railroads to handle, even before the war added to their burdens; pg 

Be a and now with the return to peace conditions, the transportation outlet by rail fia, 

am, B. is not encouraging. It cannot be for several decades to come, even atin 
ae a estimable expense. _ There has been no railroad development at all in the last 
two years. In fact, there is less trackage now than there was two years 
_ and yet there is an industrial condition that demands a greater outlet. We y: 4 
find a market for the overplus of manufacture and agriculture, which was 


‘ 


The statement by A. W. Mackie, M sippi 


‘Wonderful as has been the development of railroad in the 
a United States, commercial development employing that transportation has 
ie been equally marvellous, and we now face a situation more serious to business — 
‘progress than is generally recognized. That situation is one of ‘continued 
_ rapid development of industry and production without adequate expansion and a 


of rail facilities. of this statement is offered every time 


- a) During the consideration by the House of Representatives of the o original “a 


_ Inland Waterways Act, Mr. E. E. Denison, who was on the Committee, and 74 
See more | or less in charge of the bill, emphasized the supposed inability of the 
railroads to carry the nation’s cc s commerce. the same effect ar are e the following 
a. < conclusions in the 1922 report of the International Joint Commission on the St. 


i 1) The then existing means of transportation between the tributary area a! 


= the United States and the seaboard were altogether inadequate, and the rail- ha 
roads had not kept pace with the needs of the country, a 


ait: 1 Although war conditions had something to do with the dislocation of ‘ei 
a ‘g railway traffic in the United States and, although various other factors should — 
ae be taken into account, such as the congestion of traffic at certain critical points ig 
a _ between | the West and the > Atlantic Seaboard, and the abnormal demand for 5 
pee cars at certain times of the year, the fundamental difficulty lay rather in the 
_ phenomenal growth of the population and industry throughout the Middle 
_ Western and Western States, a growth with which the 
© ae (3) The solution of the problem called for the utilization of every y practicable 
_ means of communication, , and particularly of the natural waterway extending 


the Atlantic into the very heart of the continent. 


That the belief of the Department of “Commerce that the further sn 1 q 
continued of inland waterways was was based at least 
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n part on rail transportation facilities, and this is clearly 
gar strated in the statement of the Director of the Bureau of Foreign and Domestic _ 
Commeree i in submitting, in June, 1923, to the then Secretary of Commerce, a = 
ees of inland water transportation in the United States. The ‘Director — 
stated that, although interest in the the development of internal water routes had } 
never been entirely lacking in recent years, particularly” those during and ae 
oa following the World War, there had been a definite focusing of — 7 
attention on rivers and canals as a means of supplementing the periodically 
; inadequate transport system. He said that it was the opinion in many quarters ¥ 


that the railroads would be unable i in the future to increase their capacity to the - 

demanded. by a rapidly” expanding commerce, and that it would 
necessary to rely to a greater extent than formerly on water routes for the 

Even after the inauguration of the program ‘the rehabilitation 

expan expansion of the national railroad system, the notion of the permanent inade- . 


quacy of the railroads continued. Expressions of this so-called inadequacy 


a | __ Later, and i in 1930, Mr. Theodore Brent, in i“ 1 address before the Thirty- 
an Sixth Annual Convention of the Ohio ‘Valley Improvement Association, said : 
* that during the last 75 or 80 yr, the American public had given its attention 
i almost exclusive rely to the development of railroads as a means of transportation. _ 
_ “Since the beginning of the Twentieth Century, however, there had been rude 
awakenings,” said Mr. Brent. Furthermore, o one need but read the elaborate 
and emé emergency provisions of the Interstate Commerce Law, dealing 1 with 
congestions and break- -downs: of service, and remember the conditions that 
ae caused their enactment, to realize that the railroads had marked limitations, — 
Pa and that these reflections had brought studious people to renew their pleas 


for ‘the development of the inland water resources as auxiliary means 


Senator Joseph I BE. Ra Ransdell, in an address at the same Convention, 
cr! - that shortly : after the National Rivers and Harbors Congress was formed in a 
1906, he traveled throughout the United States, everywhere talking waterways, 
¥ but that his voice was like one in the wilderness; that no interest was taken in a 
TS waterways, but that gradually, as the result of educational work of the Rivers 
_ and Harbors Congress, of the annual conventions which 1 were being held, , and a 
of the many speeches made in the United States by the field directors and agents, © w . 
a The « divergence of views of these two waterways spokesmen is remarkable. — 
Bi Mr. Brent referred to the pleas for inland waterway development as an auxiliary __ 
i means of transportation, and Senator Ransdell ell deplored the lack of public - 
= which manifested itself, in some degree, a. after many years of ~ 
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on ATER VERSUS RAIL 
intensive educational work. It may be said that the need for new oud addi- 
_ tional transportation facilities lent great strength to public demand and served 
_ largely to secure the appropriations of generous sums of of money f for the develop- 
of the inland waterways of the United States. 
be It is proper to ) conclude, therefore, that the periods of greatest interest en Es 
- inland waterway transportation can be traced generally to those of railway — 
congestion. The great majority of the people, apparently, have been indifferent 
to the question, except on those cocgsiene.i in the past when railroad facilities 


service have proved inadequate. 


4 _ No one will deny that the existing railway plant is capable of handling much — 
more tonnage than is available, or in reasonable prospect. peak traffic 
; 1929, amounting to more than 447 billion revenue ton-miles, was handled 
_ with no car shortage. This | compares with the traffic volume of 410 billion 
revenue ton-miles in 1920 during which year there was. a reported maximum 
3 ‘The potential capacity of the e railways i is only the re result of a plan of expan. 
adopted shortly after the end of Federal control. Early i in 1923, railway 
executives agreed upon this program, looking toward the rehabilitation of 
facilities, a and to. an increase in efficiency and economy i in ‘operation. The ; 
a= entire program r rested upon the basis of of investment of large sums of new money 
Es the industry. ‘4 During the succeeding eight. years, until the end of 1930, a | 
A _ program of heavy annual expenditures for additions and betterments to plants _ 
was consistently advanced. _ During that 8- -yt period nearly 6.75 billions 
were so expended. The program had a twofold purpose: First, to supply | 
country with adequate rail transportation; and, second, to assure the public 
the transportation would be efficiently and economically rendered, from 
the standpoint both of the user and the producer of the service. 


total expenditures new facilities amounted to $19 110 000 00, 
or substantially the same as the railways’ investment in 1920. Included in © 
that sum is an investment of $423 613 000 in pipe lines for the transportation of 2 
petroleum products; $12 500 000 000 for highways and streets; and $604 000 
of Federal money for the improvement of rivers and harbors, = pes? 5 
With this great | increase in transportation facilities and the fact that the 
penal expansion of the nation is largely accomplished, it is ‘apparent that 
- there is little if any justification for the continued spending of millions of dollars — 
yearly on the inland waterways as supplements to land d transportation f facilities. 
Despite the conviction that water transportation was necessary to supple 
ment the railways, it he has generally been considered by responsible authorities 
= that the cost” necessary for the creation and maintenance of waterways is a 
aa = factor to be given consideration. _ The report of the Windom-Select Committee 
on Transportation Routes’ to th re Seaboard, in 1874, stated that, after a most i: 


careful consideration of the merits of various taking 
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certain water routes would be feasible and advantageous. The following 


jg quoted from the report: “The Committee believes that the water route sug b'. 


gested should constitute free highways of commerce, subject only to such tolls a 


as may be necessary | for maintenance and Tepairs. quote fu further from the 


report: “Tf, however, Congress shall deem it. expedient to require them to 


> provide interest on the cost of construction and the means for ultimate re- 
7 -— demption of the principal, the whole improvement will involve only a loan of 


Government credi 


The preliminary report of the Inland Ws: aterways- Commission, , in 1908, 


contains the statement that inland waterway transportation should be 


wherever, upon expert examination, it appeared that a benefit 
with the cost would result; and, that the practicability of any waterway project _ 

; po not only on local and general demands of commerce, but upon various © fe 
factors, including physical and economic ¢ considerations, entering into or tending — 
tocounterbalance the cost. 
“The cost of facilities f for carrying freight,’ quoting from the Commission’ » 

: _" “whether borne by the Federal Government or by private capital is a 
burden upon the resources of the country. While the tendency of a 
_ improvements to lower freight rates is an important element to be > considered, 
the fundamental criterion should be whether a railway or a waterway, whether - 
e- constructed or improved, will be a profitable investment of capital.” In its 
ae _ final report, submitted in 1912, the National W aterways Commission reached e 
the conclusion that if inland waterwayn, cannot afford cheaper transportation _ 
than railroads, the sums spent for navigation could be more profitably utilized 
_ for increasing railway mileage and efficiency, and that in determining the cost — 
_ of transportation by water each ton should be charged with its proportion of the 
cost of improvement even if, in praatige, this expense is borne by the 
The Commission found that a method of that water 
‘3 transportation i is cheaper than rail is by comparing the average cost per ton- 
mile on some waterway with that for all the railways in the United States but — 
that no such exact comparisons as these can be made for the reason that the _ 
rates compared do not include the same elements of cost. It made the definite 
‘statement that any comparison of transportation cost by rail and by water — 
would be of value only when the two rates include similar elements of expense. i 
_ The Commission held that whether water traffic should be charged with all the a : 
? expenses incurred for aiding navigation, or whether these should 1 be met, i 
whole or in part, by taxation, is a question of public policy. 
PF __ As to differentials in favor of the water carriers, the National Waterways a 
Commission declared that the main problem i is whether the cost of transporta- by 
tion by a water route is sufficiently cheaper than that by rail to warrant the 5 


7 


The Department of Commerce takes the position that, although the Govern- 


ment has authorized the ¢ expenditure of many n millions of dollars to provide the 
i most improved type of equipment for the experiment it has undertaken, and 4 
the benefits of its experience wi will be available to private capital, ‘it ; may | be th that oa 
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ums spent in constructing the prise 


"ethernet, that for services on channels already made navigable, Or or | 


a canals already | built, the returns need cover only current operating expenses and aN 
necessary maintenance of channel, terminals, and floating equipment. The — 
‘i Department further stated that, although the expenses for these — 


Baar that the ‘ “savings” in transportation costs accruing to the users — 


a of barge service are made up by the taxes paid | by the general public, is found in 
- the Annual Report of the Chief of Inland and Coastwise W aterways Service, . 
for 1923, wherein it is stated that there should be a free interchange of freight _ 
With the railroads On the that otherwise it would be unfair 


Hon. M. Am. Soe. C. that “as and broad policy, I 
favor of every part of our waterways which will show economic 


The Board of Engineers for Rivers and Harbors, of the U. 8S. War Depart 


ment, in co-operation with United Board, deals with 
subject in 1 these words wiliody ad blag | at 
ro. The primary measure of the economic value of a any waterway system is the 
savings in transportation costs which it affords. Usually, this saving is a 


_ by comparing the water transportation cost with the rates for moving the same 


a between the same points by rail. Included in this cost of water trans- 


portation should be the charges for interest on capital investment in waterway — 


improvements plus annual cost of operation and maintenance.’ 


In an address before the ‘Thirty-Sixth Annual Convention of the Ohio 
Valley Improvement Association, in 1930, C. O. Sherrill, M. Am. Soe. C. EB, in Fi 
_ discussing certain data relating to Ohio River operations, stated that they were 


_ based on the real cost | of transportation by water, including the interest charges _ 


on the costs of the improvement, as well as ‘operation’ and maintenance costs, 
The United States Chamber of Commerce submitted to the so-called 
Government competition with ‘private 


d No. V, reading as 4 


% 


report t of the Shannon Committee,» : states, ‘among other things, 
one of the facts which has been demonstrated in the investigation is on 3 


‘Pransportation on the Ohio River System ” (Interim Report), Library of Congress 


Doe. No. 1985, 72d Cong., 2d | Session, sit tive’ 
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“Grants of public money, whether as gifts or as loans and regardless OF Ule = 
> a — a conditions attached, to particular forms of business enterprise, or for the special ‘s J 
: a = advantage of particular forms of business enterprise in their competition with, 
other lawful forms, cause unfair damages to private citizens in their lawf 
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Ss transportation. To quote the words of the Committee: “When a shipper ships 
eS by railroad, the rate which is charged by the railroad is the total charge for the — 


transportation of. material. report further stated 1 that the Barge Line— 


pays nothing for taxes, makes no attempt to « earn a return on its investment, Deas 
é and pays nothing for the use of the stream or to relaaburse the Government for — 


of the transportation cost , represented by the n iaibtenanes of roadway, interest 
on investment, and taxes, which is paid by the shipper when he ships by rail, 
is borne by the taxpayer when the materials move by. the Federal Barge Line, 
i 


- difference between the railroad freight rate and the Barge Line freight rate. 
x The National | Transportation Committee, i in its report of February 13, 
a reached the conclusion that Government ‘assumption of all or part of the 
: costs of inefficient competing transport as a defense against monopoly is no "- 
re longer warranted ; and should be abandoned, and that, as a general —— 
inland waterways ys should bear all costs of amortization, interest, maintenance, 
_ and operation of the facilities for their navigation. | The report concluded that 
the studies of the Committee showed no economic benefits to the country ‘A 
‘commensurate with the money spent on inland waterways; that these costs 
bore heavily on the taxpayer as a direct burden. The Committee found it | 
' difficult to justify the wasteful outpouring of hundreds of millions of dollars a , 


It will be recalled that the National Transportation Committee was com- 


— of the Hon. Calvin Coolidge, the Hon. Alfred E. Smith, and Messrs. 
Bernard M. Baruch, Clark Howell, and Alexander Legge. He ub 
— Inan poate before the National Rivers and Harbors Congress, at Wash- 


“The is that of the new waterway ‘and the 
annual cost of its maintenance are as much a part of the real cost to the public © 
ie of the new transportation facilities as are the cost of construction and the cost e 
of maintenance of the steamship or barges which operate over the waterway. — 
_ The water carriers do not bear the expense of constructing or maintaining the 
_ Waterway under our present practice; nevertheless, it is there—it cannot be ™ 
= and, in one way or another, it is a burden upon the people of the 
4 Similar views were expressed by Mr. Eastman in an address the 
E American Life Convention, at Chicago, on October 10, 1934, : and before the a 


Convention of the Mississippi V Valley Association, St. Louis, on N 


ae The report of the Mississippi Valley Committee of the Public Works a 
x Administration, which ¢ Committee was composed, according to the Depart- 


ment of the Interior, of a group of the nation’ 8 leading. scientists and technicians, 5 


e following to say op this staodwot eid ol 
oon \ system of accounting is also required through which the capital invest- 

_ Ment, as well as maintenance and operating costs, on any given going 7S orl 
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establish a or nom justification for either the building or conte : 


; of any waterways program whether it be extensive or limited.” 


_ To summarize: (a) As recently as ten years ago justification for inland Ea 
_ waterway development at public expense rested almost entirely on the supposed ; 
_ inadequacy of the railways; (6) the railway plant is now, and has been for many ns 
ae years, capable of handling much more tonnage than is reasonably in sight— 4 
be much more than was moved in the peak year of 1929, and without car shortage f 

7 or delay; (c) overwhelming expert opinion holds that the cost of providing and 


Z tf “maintaining these waterways is a drain on the resources of the country; a and ; 
i (d), there has been a tremendous expansion in the transportation facilities of oe 
kinds since 1920, so that to-day there are far more to move goods sthan 
“Se In presenting this discussion, the writer does not have in mind so much a a 


rebuttal of the conclusions or theories presented in the Symposium as the need 
for emphasizing, in this connection, the background and history of waterway — 
development i in the United States. In the earlier days, there was an absolute 


very definite view of various authorities, including governmental bodies, that 2 
costs incurred in creating and maintaining inland waterways were a fixed burden ui 
upon the people—one that must be borne by them through taxation. a ft 
et If the writer has interpreted Major Putnam’s theory correctly (especially as 
given in the text following Table 5) he has not given much weight to this fact. Bs 
tb common with all advocates of further inland waterway developments he 5 y 
‘ignores entirely the undisputed fact that land transportation (that is, rail, ; 
a : igi motor, or pipe line) is now fully capable of handling all the commerce of this on 
: 3 country. This is a condition, of course, that did not exist even as late as 75 yr Seq 
ago. In other words, the reasons that prompted and justified the creation of oa 
al waterways at ; public expense, , to m move e the Nation’s goods, have disappeared ‘ee 
Goopricy,™ Esa. (by letter). —Much information of interest 


: = any meritorious critical discussion of the opinions of experts in the s 


Major Putnam has defined one important of the ‘movement 
f oof of commerce on an inland waterway—that i is, the load factor of the floating — 
equipment engaged therein. is to be hoped that, in his closing d discussion, 
he will present data as to actual existing load factors based on his ‘definition. — 
f tt may be found that they are quite low. For instance, he indicates that the ae 
oi commercial fleet in active operation in 1935 on the waters under consideration 
hi lude d to b Bie ho f 176000 
‘_ in ris | paper, included tow oats with an approximate orse- power of r 


=~ 


en c and barges with a carrying capacity of 1 600 000 tons and, furthermore, under 


with U. S. Div. Engr., St. Louis, Mo. Elected an Assoc. M. 
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ode for waterways and in the consideration | of new projects it was the § 
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of ‘costs, that the anaual te be handled is ‘about 5 500 
~ million ton-miles. Using these data, it appears that the actual average load 4 
factor of the towboats is about 24% and of the barges about 8.7 per cent. 
io It is possible that the foregoing is an improper derivation, or r that after the Fs 
vi waterways have been fully developed, the average operating load factor may he 
be somewhat improved . At any rate, before a reliable comparison between »? 
é water and rail costs can | be made, ‘a reasonable determination of the probable - 
load factor is essential. wited tied? baz 
Ba it appears that the main purpose se of comparisons between the costs of 
(i transportation by land and inland waterways is to determine whether additional : 
iy waterway improvements should be undertaken. Obviously, an investigation _ a 
ae for that purpose | should take into account the extent to which existing trans- a: 
: portation facilities are e adequate. - Reduced to a a simple ease in which a water- _ 
= way under consideration for improvement is to serve an area now vieeetly 
served by rail, ‘should no not the comparison be based on the total cost st of trans- 
- portation in the area . served by the two systems before and after the waterw ay ; 
' ds improved and placed in service? Before the waterway is put into service 


a 


a 


¢ 


2. 


the costs include > the fis fixed and operating charges of the railroad alone. — When Ji 
7 waterway i is in service the total cost includes the fixed and. operating g charges 


of the waterway and the carriers thereon plus the same fixed charges on the 
railroad ase existed prev: iously, 8 as 8 well a as operating charges on such freight a8 is 
"deft to the railroad. _ The only way the railroads could avoid these fixed charges | 
[ie ms which persumably the public must pay) would be to abandon the service. Be 
et Even if this were permissible, it would entail a destruction of capital which, — 
a “in the long rn run, ” would be paid for by the public. J "If this view is entitled to 
consideration, it would appear necessary to include in the balance sheet of | 
water versus rail transportation an evaluation of the public loss due t to o rendering hae 
existing rail facilities less economically « efficient. lo >» 
It may be contended that by reducing the cost 
eS movements, water facilities would stimulate industry § so that the traffic diverted 


from the rail line would be restored from other : sources. however, a 
x 
bill, ‘it is difficult to foresee a resulting general stimulation of 
- industry so as to bring about increased commerce in the country as a whole. i 
_ On the other hand, a waterway which results in a substantial reduction in 
- combined transportation and tax costs may be an actual benefit to the railroads q 
a well as to other interests. In investigating the merits of a waterway to a 
= _ ‘serve an area already adequately served, it should not be assumed that benefits 
Ps of this character. will arise until it has been shown from other considerations 
a that the waterway i is warranted and will actually reduce total costs. It should 
is be shown that the horse exists before it is assumed that the cart will be drawn. 
“i eee, these factors, too, should be taken into account and thoroughly — 
analyzed i in determining the extent to which the waterway improvements are 
knowledge of relative ve value of 
r the : service obtained is not sufficient to indicate the worth of an investment. — 
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a Iti is generally recognized that waterway and rail transportation are not equally — Ps 
expeditious, flexible, and dependable, and these inequalities should enter into Soo 
the economic study. Perhaps the best indications available at this time of x Pe 


shippers’ views as to these inequalities are the differentials between rail and : 
< Pe > line rates necessary to place the two types of service on a competitive 
_ basis where common carriers are involved. It is possible that shippunidaa. : 
in this respect may be modified as the waterways become n more adequately: et 
a improved and their services better established. nat 
_Beonomic comparisons of rail and waterway costs are 
_ frequently made in which the interest on the cost of the waterway is computed Ese 
> at a lower rate than that applicable to railroads. Such methods seem improper ; 


_ if the purpose is to show the inherent : superiority of waterways aside from the ie 


; advantage that they possess due to low-cost Federal financing, but proper if the 
_ purpose of the comparison is confined to determining the most economical 
medium under actual present methods of securing capital ad bs 


TE. > 


= If economic comparisons were limited to reductions in the cost of se « | 


movements, , and the foregoing ideas were given application, some proposed. 
inland waterway improvements might not be found so meritorious as to warrant — 
_ the degree of enthusiasm often afforded them. However, waterways may be w 


beneficial to a substantial volume of pleasure-boat navigation. Insome degree 

B waterway improvements, through increase in low stream flows, or the concentra- ae ni 
tion of head, may facilitate the production of power. : They may result in 

7 = flood-control benefits by the storage of flood water, stabilization of banks, ee 4 
ma improvement of the hydraulic characteristics of streams at flood stages, and sss 


‘ac 
_ the supply of vessels for rescue work, although these benefits may be offset a . 
somewhat by the stimulation of objectionable and inadequately controlled 
concentration of industry in the flood-plains of streams ms. The availability, in 
Ja operating condition, of ordinarily excess transportation facilities to meet ra 


unanticipated emergencies, i is apparently of of some benefit. Under certain condi- 


“tine of economic feasibility may be warranted because it will afford productive — ¥ 
employment of labor which, otherwise, would receive non-productive relief — 
funds. ithout involving sentimentalism, these items may properly be given 

consideration in an economic comparison of rail and waterwty transportation. 


ne R. Farson,” M., Am. Soc. C, E. (by letter) —Opportunity to take pe 


the discussion of water transportation costs in an impartial technical publica- 


tion is welcomed by the writer. all, finding the value of f improvements 
: “for navigation is a technical problem. Most of the publicity accorded this im- SF 
portant topic in the commercial press is too partisan in viewpoint to serve the i 
sod man who is seeking facts. _ The “picture” i is too likely to be colored, perhaps oe. 

unconsciously, by the interest of some particular section, industry, or type of 
¥ Bey: or distorted by an array of selected statistics which illuminate ‘only one 
side. As a consequence some theories as to the cost of water transportation, ; 
not strictly i in accord with sound « economics, have apparently gained wide | popu- 4 
a. dar acceptance even among engineers. In spite of Mr. Wonson’s obvious sin- 
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- eerity, some of these theories leading to unsound conclusions seem to to have crept 
his otherwise able and fair treatment of the subject. With his 
ne - The writer does not advocate providing « or r maintaining, by artificial stimu- 
4 Jants, any y route or means of transportation that proves uneconomical. T here — 
~ would be no point in trying to hold traffic on the rivers to keep water service 
glive if no general public benefit resulted. He would make a an even broader 
application of this principle to cover outmoded and uneconomical transportation 
we = and service of all kinds i in which the public has a stake. y ‘Differences 
~ with Mr. W onson arise, not as to principles, but as to methods of appraisal and 
te of comparison between the several types of transportation. It seems in- i 
~ cumbent upon engineers confronted with waterway problems for solution i in the 
interest of the people as a a whole to exercise particular care in n adopting S 
ae “yardstick.” Because there are well known inherent draw-backs to 
ey _ barge transportation, it cannot soundly be assumed that all inland waterw ays a 
Ce are bad investments. Averages obtained by grouping good and bad projects 
are obviously valueless. It is frequently found in the case of individual 
" _ improvements that favorable factors, fully recognized and evaluated, outweigh — 
Cireuity.—Prominent among such disadvantages stressed by Mr. Wonson is" 
th the fact that river routes are generally longer than competing rail routes. Like fd 
most of the other elements of comparison, circuity in the case of individual a = 
os waterways can usually be measured and given a definite value. Mr. Wonson 
es _ attempts to do just that, but he derives his circuity factors from a comparison r 
é Tiver mileage with the shortest rail distance, ignoring competing rail routes. i 
He uses these factors to raise the actual unit cost of f reight movement by water a 
_ toa higher sum for comparison with rail cost. This procedure gives no con- = 7 
— sideration to the fact that the great preponderance of rail freight also travels 
circuitous routes. The Federal Coordinator of Transportation finds that 
the average rail carload moves 11% farther than would be necessary by a direct i 
in common use.¥ Asa result of their analysis of freight movements by 
‘Tail between ri river ports, the barge lines have petitioned the Interstate Commerce 7 
to recognize officially the rail circuity factor of 20% in excess of 
short line mileage in the Mississippi and Ohio Valleys.* In cases of competi- - 


tion with water routes involving relief from the  long- and-short-haul require- 


= of the Transportation Act, it is not uncommon to authorize rail routes 2 


as much as 50% longer than the short line. It should be remembered that the a 
 direuity of some of the principal inland water routes is less than that. The = 


- canalized Monongahela River is actually shorter, as a matter of fact, than 
EE rail lines, but the fact is dismissed in Mr. Wonson’s analysis as negli- 


é 


gible. Obviously, the circuity factors in the paper under discussion must be 

— to conform to the facts, if the reader is to arrive at the correct answer. _ 
Amortized Expenditures—It was not found possible to reconcile Mr. 

 Weaiion’ 8 distribution of costs among the several interests affected with pub- a 

Tished statistics. Apparently he charges such items a as bank protection, and, 


= 


Interstate Commerce Commission, Docket No. 26712. biod 
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fact, all the money ever spent on inland streams except flood ie lene "— 


= to existing navigation facilities. According to his theory these charges must 
. be borne by existing water lines on their present tonnage or improvements. ¥ 

_ should be abandoned. — In this situation the engineer must face the fact, 

8 quarely, that the millions spent for purposes other than navigation, and for 

. 2 avigation improvements which have been outmoded and abandoned or super-— 


 seded by modern projects, are not involved in any conceivable way with his 


’ Sth __ Only a small part of the open channel work done on the Ohio ard Warrior = 
Rivers, for example, « contributed in any manner to the present efficiency of ae 
4 - these waterways, but it served its purpose for many years and its cost was ae 
‘- - amortized by contemporary river commerce. At most, only the. cost of useful x 
work necessary for present navigation has any practical bearing. On the War. 
rior River, canalization was begun in the Nineties and ‘eompleted just prior to 
; the serious congestion of the Nation’s transportation system incident to the — 
orld War. Justification of expenditures providing this alternative freight 
- route between an essential producing area and tidewater would scarcely have i 
is seriously questioned at that time. Such waterways cannot be duplicated — 
over-night, and d naturally it is impossible to expand and contract permanent 
investment already made, to synchronize with fluctuating traffic volume and 
- business cycles. In this connection it is far from clear just what end would be 4 


served with respect to all these past expenditures if the waterways were to be 


ont 


Interchange of Traffic.— —Mr. -Wonson’ 8 analy sis indicates that benefits due to 
- the improvement of inland rivers are restricted to communities along their _ 
_ banks. The evident intent of all legislation having to do with water transpor- ey 
“tation is to secure the widest possible distribution of benefits : paid for by the 
. = general public, The clause of the act establishing rail-water differential routes ane 
a and rates is obviously designed to extend to “dry land”’ territory the same scale : 
of savings enjoyed by | ports along the waterways. Barge lines have in fact 
> 4 instituted a broad system of traffic interchange with railroads and motor truck 
, if lines extending far into the riverless regions of the country. 7 The effect. would 
- doubtless be felt more generally were it not for the openly avawed ‘unwillingness 
?- the railroads to co-operate. As a group, their opposition has ranged om 
; 4 challenging the validity | of the legislation in the Courts and opposing each pro- om 
posed extension of the sy ystem, to the current proceeding before the Interstate 
iat Commerce Commission aimed at cancellation of all routes and differentials 
on through which localities | inaccessible by water already enjoy the benefits 3 
barge service.“ It i is desired to. emphasize at this point that the writer does 
not mean to imply that: there is anything fundamentally wrong with this 
og perfectly natural attitude of rail and water competitors toward each other, their i 
interests being involved primarily in the profitable operation of their individual Re 
= ‘properties. The engineer must recognize, however, that these interests cannot 


be expected to coincide: with each other nor with the interest of the -eountry 


Distribution. of Benefits —For reasons obscure to the writer, ‘Mr. Wonson 


a to — that savings resulting from common carrier water service ms 


abandoned now as recommended i: in Mr. Wonson’s paper. 
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FAISON ON WATER VERSUS RAIL 
be counted as whereas savings from private water 
carriage are not public benefits. Congress does not attempt to assess the tase 
en resulting from the various types of river improvement to any particular ee 
bas region or group of beneficiaries, except where the effects are local i in character. - 
ae The waterways are made open to all, and because of the competitive element it = 
-isimpracticable for the producer, carrier, or distributor of goods to monopolize 
~ the benefits. — The writer has long recognized the futility of trying to trace ia ¥ 
— from river improvement to their ultimate recipients, or to devise any y Ss 


system of charges that would distribute the burden more equitably than the kes 
present one in which the public pays for its waterway and the shipper pays for te a 
transportation on it. He agrees with Mr. Wonson that improvement for 
navigation is not warranted if the potential aggregate of such costs is greater Pe: 
tha by other available means of transport. He differs: from him in 
Pe method of measuring ng these costs, and the significance of the ‘results. " The en- 
e gineer’s problem is not to identify the beneficiaries, but to. determine whether as | 
there is, in fact, a net economic saving to be distributed. ndi: bats 
Estimates. —Mr. Wonson attaches great significance to the relative 


— use of rail and water facilities. On the other hand, his estimates of the 


; to weet in mind that inland river improvements comprise a ayeteme that is still on 
under construction and far from complete. Records show” that the grow th of 
water commerce is in the direction of longer and longer hauls as the individual 4 ; 
Waterways progressively extended and connected into a system. ~The 
period for building up permanent water traffic involving the gradual develop- _ i; 
mentof storage warehouses, grain elev ators, s, cotton compresses, industrial plants, 


a= auxiliary services at the water side without sacrificing existing facilities, is a + 


- sentative volume of tonnage on waterways will result from the eventual adj ust- P 
‘Ment of freight rates to conform more closely than they now do to the cost of = § Sn 
ao the transportation service. — That this trend is officially favored is evidenced “4 

_ by numerous decisions of official regulatory agencies; for example, a concurring _- 

re opinion of a member of the Interstate Commerce ( Commission i ‘in the Petroleum ar 
Products « case,”* reads in part as follows: ano 


ey am much inclined to believe that a a system of rates for all agencies based ¢ : 
% on cost plus a reasonable profit under normal traffic conditions would allow 
F them all to perform their appropriate functions, and in the end be better for 
all concerned, including the country and than any system of 


- Wonson’s ieahitenat that f reight charges measure the cost of the service,and _ 
eis his attack on waterw ays as tending to favor regions adjacent to rivers at a 
expense of more inaccessible territory would lead the reader to infer that rail hog z 
o ‘freight ¢ charges are commensurate with cost, and that rail carriers do not tax oa a 


a. *See Tables, Annual Repts., Chf. of Engrs., U. S. Army, 1927 to 1936. _ Bice TO 
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os _ The writer agrees that when rates are made proportionate to cost of — 
’ operation, it is reasonable to expect an 1 appropriate distribution of traffic among 
ie the several forms of transportation, to ) each falling the share best adapted to its : 
particular kind of service. Direct comparisons of tonnage would then be sig. as 
2 nificant, and total relative ton-mile costs would offer conclusive evidence of the 
tel degree of justification of river improvements. That ideal condition is more “4 
remote from the rail rate structure, however, than from the scales prevailing — 
- a In its profound effect on relative public use, it is necessary to recognize the 
er. practically universal railroad policy of depressing rates to profitless levels when 
confronted with competition from water lines. Such rates not only fail to cover 
- a fixed charges but usually cover only a part of operating and maintenance 


expense.” The 1e expectation of this result on the ps part of shippers undoubtedly — 
= gives rise to much of the organized agitation for improvement of inland streams, 
and introduces the most troublesome single factor into the problem. The 
writer j joins Mr. Wonson in earnestly deploring this use of waterways to regulate : 
rail rates, but the depression of rates to meet water competition, of course, is a 
4 wholly voluntary act on the part of the railroads. It is clear that freight ree 
3,4 captured by this means from economical routes and diverted to uneconomical os 
- routes, causes the public to forego the real savings made available by water. 2 
= When thus deprived of profitable tonnage the barge lines sustain material loss 
which i is totally ‘uncompensated by profit to the rail carrier or real benefit to 
The Added T Traffic Theory. ~For' the most. ‘the competitive 
i of rail rates is confined to traffic between ports served by waterways, the rates — 
" z, "3 between intermediate and interior points being held up on the “dry land” level. ; % 
9 a | In addition to this non-competitive traffic between intermediate points, the — 
: es railroads normally handle between ports many commodities not adapted to 


barge movement. Under these circumstances the depression of rail rates | 
- competitive levels on commodity movements adapted to water theoretically, — 
at least, leaves the bulk of rail traffic to carry the expense burden. © Obviowly, 
the total revenue collected by either type of carrier must exceed its total ex- 
i penses “in the long run” if it is to prosper. Thus, the water carriers would be 
_ completely at the / mercy of rail | competition were it not for the fact that ie 
normal conditions barge lines can handle adapted commodities ‘at much less 
The “added traffic” theory invoked by the railroads to meet this situation is é 
based on the premise that once a carrier is provided with adequate equipment — 
and terminals, and is in operation, with supervisory staffs employed, and a suffi- 4 
cient volume of traffic moving at normal rates to pay the overhead, the out-of 
pocket cost of handling any additional freight that may be secured is but a small i: 
part of the full cost of maintenance and operation. For the creation of new a 
= there is nothing fundamentally unsound in this theory, provided always 
ae that rates are so fixed that the extra tonnage brings in as much “money ! as is | 
_ spent to move it. It is when carriers begin to view each other’s business a8 


— 


i” 
a 
| 
| 
a 
> 
<a 
| 


_-FAISON ON WATER VERSUS RAIL 


added traffic, to | upon s basic by means 
| out-of-pocket rates, that the theory breaks down and the public eventually 


to make good an uncompensated loss. The raided competitors certainly 


cannot afford to submit cheerfully to “subtracted” traffic, nor subscribe to the 
; ‘theory that their revenues and expenses are not affected thereby. When carried j. 
the extreme now characterizing the aggressive campaign against water 


sg tons of ‘molasses annually ‘from ‘the New Orleans area to Peoria, Ill., on ie 
ie Illinois River. When this movement began the rail rate was $6.00 per ton, 
which over the short rail line of 840 miles would yield 7.1 mills per ton-mile. i - 
‘The industry purchased a a towboat and tank barge equipment and found 
5 i could transport its own raw material for $2.60 per ton, or at 2.0 mills per oa 
{ _ ton-mile for a water distance of 1270 miles. The initial floating plant being 
found inadequate, the : shipper was s negotiating for the purchase of an additional 
fleet when the railroads depressed their rate to $3.50 per ton. This reduction 7 
was sufficient to hold a substantial part of the business for the railroads and to 
bring about the cancellation of orders for new barge equipment. afi The reduced 
tate yields 4.2 mills per ton-mile gross. This rate compared with the 9.9 mills 
average rail rate used by Mr. Wonson would indicate that the molasses business 
az to Peoria is not “pulling its weight” on the railroad but that the river loses ton- | 
nage it could carry profitably. The rates on molasses to intermediate dry-land 
points, of course, are held up to the old high level and, together with other non- _ 
(. competitive traffic, are doubtless carrying the added burden. | . This typ pical © 


is used to the fact that each departure from the long-and-short 
_ haul regulations of which there are hundreds, tends to divert a substantial block .* 
_ of tonnage from t the waterways where it could be handled economically, and Z 
where it would serve to decrease the average unit costs of water movement. ids 
Effect of Rate Cutting. —No single type of carrier holds a vested right i in any 
_ particular traffic. v4 As already stated there would be no point in trying to hold 
traffic on the rivers to keep water transportation alive if no net benefit resulted. — 
However, water transportation is clearly entitled to a chance to justify itself, 
a. before the public can pass judgment intelligently. ‘There is no logic in recaptur- — 
z tonnage from water by means of profitless rail rates, and then pointing to 
:- lack of water-borne tonnage as significant. Out-of-pocket rail rates hold 
the volume of barge tonnage far below that which would normally seek that a 
2 of carriage, and which river carriers have justifiably equipped themselves -% 


tohandle. Naturally unit costs of water line operation rise in response to ‘such i 7 


‘ities, and the cost per ton to the Federal Government of waterway ¢ con- — 
_— Struetion i is unduly inflated. It will be readily understood that, in use of the 
+ term, “inflated,” and all other expressions of difference of opinion with Mr. 
testimony of the in Ex Parte 123, ICC, December, 1937. 
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~ seious or deliberate bias. The writer believes that the angles stressed herein a 

have been overlooked, and that their full consideration will reverse some > of ts 

4 Mr. Wonson’s conclusions. He is not concerned with regulation of the prac- fe 

tices of the carriers, but with due recognition of their effect on cost factors, — % 

Summary.—Long-range analysis of the future of river commerce must | 

a. - contemplate, in all reason, a closer approach to the cost basis of fixing trans & 
portation charges than now prevails. The present system is leading toward 

_ bankruptcy for the carriers and a collapse of the transportation structure. 

a Doubtless there is a present surplus of transportation capacity in certain areas / 


4 and the | least efficient and economical carriers, whether rail or water, must in- © 


=a 


a liability rather than an asset the country. Eliminating the cost of im: 
provements for other purposes such as prevention of soil erosion and the cost of 
outmoded and superseded improvements, placing the remaining costs ona 
: 3 factual basis, and using the low operating costs of going barge lines, completely 
_ changes the picture in comparison between rail and water carriage. = 
8 _ It is firmly believed that traffic, if permitted freely to seek the best adapted 
— routes, will flow in greatly increased volume to the important links in the — 
waterway system, resulting in total ton-mile costs so reduced as to compare : 
. Ss - favorably with the most economical competitive service. Lest it appear that L 
. the points discussed herein are trivial in their bearing, the reader is asked to 
make a hasty computation of the results of applying Mr. Wonson’s ‘method of — 
appraisal. A 50% drop in water-borne tonnage as a result of rate cutting, — 
means a 100% inflation of the cost of Federal improvement, computed on the a 
_ ton-mile basis, in addition to the rise in unit costs of the boat lines. ae 
extraneous costs, and those for superseded improvements, using cost ratios of — 
projects still under construction and not yet ready for traffic, employing exces ! 
sive circuity factors, all err in the same direction, combining to depress still ‘ 
« further the water-borne tonnage figures and inflate unit costs. If taken 4 
their face value, these factors would nullify every real economy the most worthy — 
_ waterway pr project is capable of effecting; and yet it is this depleted tonnage and 
these inflated costs that are cited as proof of the failure of river improvement to ‘ 
Rurus W. Putnam,” M. Am. Soc. C. E. (by letter)—In preparing one 
< _ of the two basic papers for this Symposium, it was hoped that the main points — 
a c at issue in this question of rail versus water transportation would be set up — 
; a such a manner that in the subsequent discussions there would be avoided 
rehearsals of the many minor subjects which in the past have been responsible 
~ for the apparent confusion of thought obscuring the few facts and principles a 
involved. _ The almost complete ; absence of direct discussion or criticism of the 4 
paper itself leads the writer to the conclusion that it failed in its purpose and 
- that he inadvertently so expressed himself as to stir up a “hornet’s nest” of 
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It has held that the public necessity a 
= portation service—one which i is adequate, efficient, and economical. A gen- 
eral statement, such as this, necessarily becomes relative only when applied = 
‘ to specific cases. It would not do to condemn river transportation because 4 
: of the closure of northern waterways during the winter season, or on account y, 
circuity, or because of rigidity, any more than it would be to con- 
 demn transportation on the Great Lakes for the same reasons. From the 7 
- wit of view of the user these considerations affect only his over-all trans- 

portation costs, which include the cost of storage of requirements during the 


closed winter season. mr 997 10 Yew wed. a stout ont je 


general plea fo r the necessity of waterway improvement should be 
- entertained these days on account of the inadequacy of rail service. — Even 7 

in times of national emergency, although the waterways themselves might 

have excess capacity available for use, the floating and terminal equipment 


- might not have; therefore the value ‘of this means of transportation, as a 

reserve against inadequacy of other r forms, i is not great. 

On the tangible side, the entire question is one of eoemnmniins but, unfortu- a 

° nately, this seems to be a very difficult question when it comes to obtaining — ra 

any d degree of agreement as to the factors involved. — In the first place what- 7 ar 
ever + method of comparison is used it would be best to apply ‘similar, if not 

identical, tests to rail as well as to water transportation. It is believed that — 

the @ USE 0 of the method of comparing: freight rates is generally Tecognized as 

incorreet. Rates of water carriers do not carry the inv estment, ‘maintenance, 

ad operating costs of the projects; those of rail carriers in some cases are no Pg 

than, if as great as, out-of- -pocket costs, whereas, av verage rail rates 

known to be insufficient to carry fixed charges on the entire railroad invest- = 

ment of the country. Rail rates should n not be compared with water costs, < 

even if the latter include fixed charges on the waterway improvement plus } 

maintenance costs (see heading ‘In Justification: Comparison of Costs,” in a 

& writer’s paper). , The only solution apparent to the writer seems to be t 

_ tttempt to compare rail costs with water costs, and, at best, such a ama; 


7, As to out-of-pocket operating costs of the carriers there appear to be no ha 


Particular difficulties except the reluctance of water carriers to reveal their 
a confidential data. . Ma intenance-of-way costs for the railroads and main-— 
costs for waterways are readily available. The principal obstacle 
seems to be in reaching even reasonable of w hat should 
the capital cost in each case. bae odd 00. jug 
she it is assumed that capital cost is to be measured in terms of expenditures — a 
} i) produce these transportation a agencies, difficulties are encountered in neither _? . 
S - For the waterways, it is possible to go back and sum up the expendi-_ ; 
tures for “New Work” for any project. b Where flood control and bank pro- 4 


ry tection are not involved this is comparatively simple, but. where they do form — a 
Hi -& part ¢ of the improvement, segregation is not so easy. An approximation — 
a - Recessary and this the writer made in his paper in arriving at a 1937 cost of | 

000 00 000 for the e system under discussion (refer also to Hartley’ 
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PUTNAM ¢ WATER VERSUS RAIL TRANSPORTATION 
This estimate did not take into’ the. invisible 
“of bridges which, in a more accurate determination, should be ice, 
_ Merely for purposes of illustration,’ the writer has roughly estimated that the 
extra bridge costs involved on the 850 miles of the Mississippi River above 
- Cairo, on account of greater clearances, and the provision and operation of 
(capitalized), would approximate $16 500000. The item is 
a stantial but not large in comparison with the totals involved. — tt 
~The writer’ s estimate made no deductions for the cost of early river im- 
_ provements, long since superseded, and which had 1 very little value as nt 
of the more ‘modern now how under way or recently (see Mr. 


allowance for thins substantial i items of expense. tub 

_ To measure the cost ¢ of any part of the railroad system of: the T United States uy 
in a similar manner is next to impossible. Calculation of the actual sum of 
money expended 0 on n capital construction would not give the answer as there 
“s 1 proportions which the investing public have paid 
; during the lifetime of ‘the ‘railroads for - which there are no visible, tangible 
- 49 returns. _ Several of the railroads in the ‘Mississippi V Valley have gone through 
the experience of alternate periods of prosperity, receivership, sale, and re 

~ organization. _ Securities have been scaled down and i in some me instances “y “wiped £ 
out”; . the cost of any such losses should be included as as they : represent expendi- 
ae by the public made for the purpose of providing transportation. et 
_ The use of the cost-of-reproduction method asa basis ¢ of comparison i is not 

> believed to be correctly applicable in this case. To do so would be to ‘supplant ; 

a fact with theory, and theoretical returns on theoretical investments cannot 

bev used for the payment of taxes, interest, or ‘dividends. A As far as waterways & 

are e concerned, it would be 1 necessary to calculate the cost of reproduction on ; 

the basis of an assumed rate of construction which is next to impossible to 5 

predict with irregular Congressional appropriations, _ Assumptions or theories — 


would have to be applied to determine rights- of-way costa, which are sub- 


‘The writer made use of this method i in his computation of railroad trans- 
portation costs ‘merely because he was unable to determine the capital cost 


i railroad system in the Mississippi Valley on the basis of past 


tures. His results, therefore, are only an approximation al and should: be 

pag It is noted that Mr. Goodrich is of the opinion that the load factor of the 

‘floating equipment on the inland waterway system is an important factor, 


and he expresses the hope that the writer would present data as to actual exis 


a - ting load factors in the closing discussion. Such data are quite confidential 
go that only generalities may be given. . One ne large operator has a towboat load 


co factor « of about 21% with a barge load factor of only 6.4%; this case represents 


_ about the minimum. Large coal operations on the Ohio River and the Monon- 
_ gahela River are conducted with towboat load factors of about 40% and barge — 
load factors of 25 per cent. Only where an operator has a fairly well balanced — 
 two-w ay movement of bulk commodities do the load factors exceed these vo 
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of the with which these questions are attempted to be : 
solved, and most of the difficulties that ; exist without confusion, are borne of 


the effort to make a scientific « comparison of two ac activities w which ¢ cannot be 

reduced to terms with a common denominator. . An approach toa satisfactory 
determination might be made by a committee of engineers | skilled in this” 
subject, but accord through = papers and discussions seems to be 


8. L. Wonson,”* M. Am. i C. E. (by letter) —The writer desires to ex- 
; a appreciation of the discussions of his paper and of the various considera- . 
i? of interest and value that have been presented, both pro and con. vis. 
Rin To the extent that the discussions | present a view point opposed to that of | 
the paper, it would appear that a rebuttal would involve substantially a Tepeti- 
_ There is one collateral consideration that seems worthy of mention, namely, 
i that the natural and primary function of a river is that of a drainage channel, Be 
_ and that works for the improvement of navigation, or for other purposes, should — 
be allowed to impair the drainage function, or to impede ‘any ne necessary 


bs Of the force of this consideration, the disaster of 1937 along the Ohio River 
isa & grim reminder. — 4 Along another major stream of the Mississippi Basin, : 
~ upon which extensive works for the improvement of navigation are being con- _ 
_ structed, there are communities in apprehension of the effects of a major flood 
following even the present stage of those improvements. 
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-STRESSED ‘REINFORCED CONCRETE 


POSSIBILITIES FOR ‘BRIDGE 


= 


By Ivan A. M. A. Soc C. EB. ne 
Ww 1TH By Messrs. 8. WHITNE y, Karu W. 
Dean Jr., M. A. Froris, A. A. EREMIN, . AND 
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__ This paper contains a brief citation of uses made of pre-stressed sted 
reinforcement in the past and the development of formulas for the solution of 
‘special cases. . The symbols are defined w where e they first 0 occur and are summa- 
rized for reference i in the Appendix. le 


is customary to consider that the non- of 
reinforced concrete is its greatest disadvantage. . Itis impossible to utilize 4 
i” _ strength of steel and of concrete, in the same structural member, with the same 
a of economy. In parts of a structure where compression predominates _ 
Ex _ the steel is always | understressed, and when tension predominates the ri 

~ nearly always assumes that the steel resists all of it. The tensile stress in 


= 


concrete often exceeds the ultimate, and the resulting cracks are a particularly 
undesirable characteristic of reinforced concrete. Although such cracks may 
not immediately endanger r the : stability of the structure (since the steel = 
all the tension), they permit the structure to be destroyed gradually—the ra 
by chemical reaction and the steel by corrosion. 
ar .. On the other hand, the very difference between the two materials can be a 
utilized to the of reinforced concrete structures over all-steel struc 
tures. _ The reinforcement can be designed s 80 as to confine the deformation of At 
concrete within reasonable limits, or, conversely, to ) produce stresses in the | 
concrete that will act in the proper direction. If it is desired to counterbalance ¢ 
i some of the deformations in steel that are are expected to oceur un under the action — 
working loads, a preliminary stress may be imposed upon the concrete. 
— ts This idea of restraining the effects of stress in either material has bee a 


Asst. Engr., New York Toned Authority, New ‘York, 


fo4 _ accepted as a possibility since reinforced concrete was first introduced, and =| me 
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PRE-STRESSED REINFORCED CONCRETE 

93,  guak structures have been built according to this principle. Only i in later” 
years, however, have designers begun an extensive and far-reaching study of all 
s possibilities for the purpose of utilizing it consistently in structural design 
an nd construction. One method of restraining deformations may be illustrated 
by the case of a concrete col column with spiral r reinforcement, which, for all 
i practical purposes, is the same as a steel ‘ ‘envelope” ” that prevents the member 

from bulging laterally under axial loads. The same effect can be produced by 
- reinforcement arranged transversely i in a structural member so that its 
a bond with the concrete will serve to establish resistance to deformation in vd 

direction. In this case the external restraining forces exerted by the ‘‘en- 
i velopes”” are replaced by the internal forces in the steel. The workability of j 
i this principle has been proved by the results of tests? conducted by M. Caquot 
a and P. Brice. These investigators found that any type of transverge reinforce- ta 
: ment increases the ultimate compressive strength of concrete in so far as it 
Y tends to retard lateral bulging due to axial pressure. Similarly, E. Freyssinet® _ 4 
has made concrete that resisted, safely, the lateral bulging caused by axial 7 S 
; pressures of 3 550 Ib per-sq i in. He found also that the best type of reinforce- ce che 
8 ment for this purpose i is two series of parallel wires set in planes normal to the | 
F axis of the loads and tied by semi-circular steel bars, 
af it Another general method of changing deformations of either  tanteetel: in a 
ite desired manner may be described broadly u nder the term, “pre-stressing. ith 
G brilliant demonstration of the advantages of this idea is afforded by experience _ 
pained i in constructing the Albert Louppe Bridge, in France,‘ and the bridge 
i across the Rogue River, in the United States.’ Pressure exerted by means of J 


stresses and this decreased, materially, the dimensions of the arches. 


i. The principle of pre-stressing was used by A. Mesnager and T. Vevriers raisin 
and, in this case, was 1s applied both to the ‘concrete and to. ‘the ‘steel 


io jacks at key points along the arches had the effect of eliminating the shrinkage PS ‘ me » 


separately. The arches of the bridge® at Vesinet, -Franee, are reinforced by q 


o sectional area. hie Ordinarily, shrinkage stresses would have stressed the steel to 

12 000 Ib per sq in., but, by exerting a pull on the tubes and, simultaneously, a 

pressure on the concrete within the tubes, the shrinkage stresses were canceled. 

Ih other Ww ‘ords, when the concrete had shrunk, the preliminary stresses in 

steel tubes had disappeared, and the full strength « of the metal was 8 utilized to. 

ig . The next progressive step would be to increase the preliminary stresses = 
sufficiently to have residual stress even after the shrinkage stresses have > 

ar canceled it partly. This would have the effect of introducing known internal . 
“stresses i in a structure at previously (and precisely) determined points. = 
An example of the manner in which this principle is applied to reservoirs was - 

- published? in 1933. The circular concrete wall of the reservoir is fitted with a ig 

™ -_ Series of circumferential rings, and these rings finally are covered with a layer of ies 


a steel tubes, ‘thick enough to constitute a considerable percentage of the cross- 


Memoires de la Société des Ingénieurs Civils de France, July-August, 1930. 2i 
ake ‘ Le Génie Civil, October 4, 1930. _ 


“Engineering News-Record, 1931, No. 10 


Génie Civil, January 17, 1931; also, Engineering and MOE. 
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PRE-STRESSED REINFORCED CONCRETE 


: the reservoir tensile stresses develop i in the concrete, which are counterbalanced <4 fs 0 
a the pressure introduced in n the steel hoops by means of the turnbuckle. In § i 
S this manner the compression may be made to balance the tension in the -" 


— 


concrete, thus safeguarding the structure against the effects of cracking and 


‘This type of structure, resembling ordinary wooden tanks in ‘principle, hes of 
~ recently been used quite extensively, and with good results. The bond be — i 
tween the concrete | and the steel is destroyed by coating the latter with ‘ ‘ 
special asphaltic ‘compound and the circumferential rods ‘slip freely while 

_ strained by turnbuckles. * The same idea has been used for pipes, with equal ta 
ae Europe, the practice of pre-stressing does not involve destroying the bendy 2 a 


_ which conserves the character of the reinforced concrete as a structural unit and — 
_ distributes the effect of the pre-stressing uniformly all over the length of the — 
{a _ In this manner, Professor F. Emperger applied the principle of the 
__pre-stressing to precast pipes, and E. Freyssinet to pipes, posts, foundations ete. 
_ It should’be possible to prevent deformation in many other kinds of struc: 
a tures, by pre-stressing the materials of which they are composed. | _E.  Freyssinet 
has stated his conclusion that reinforced concrete bridges of spans as great as 
3300 ft are possible in this manner. The development of structures of this 


4 
kind not be the problem of most immediate concern, but in 


engineering practice there is a wide field for economy and improvement in 
by a proper application of the pre-stressing principle. 


ee ~ Only simple slabs, beams, and girders are treated in this paper, because 


_ they are the structural elements that lend themselves most easily to pre-stressing, 
’ and in which the results are 0 obvious and most interesting. + The > reinforcement 7 
along the tension face is straight and can be stretched by ‘means ; of a simple 
_ device before the concrete is poured. — After the concrete has set the tensionis — 
reinforcement, which then tends to return to its normal 
length. The result is that, ‘ghrough the bond between the ‘reinforcement and 
_ the concrete, an internal force is created which, in turn, resists the deformation — 
due to the application of external forces when the structural member is put to 
oe its final use. With respect to the concrete alone, of course, the bond in the steel 


| 
~ constitutes an external force, and the amount of this force that remains after the — 


E, 
é concrete has set may be computed if the relation, n =>, is known. — sia 
effect of pre-stressing is opposite to that of the final Fig.}). 


Obviously, it is possible to pre-stress a structural member in such a way that 
_ the working load would never produce stresses great enough to cancel the 
onan stresses entirely. In that case, the cross-section of the beam “= 

_ Fig. 1(c)) would be entirely in compression. = 


a aa a “el Since there is no tension in the | beam, any cracks that tend to form as 

3 result of ‘shrinkage, or other ‘causes, are : automatically closed by the pressure of 

The Preload System of Concrete Construction,” by. J. M. Crom. we 
| 
j ™ 
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¥ the steel reinforcement. . The net effect i is to eliminate the most serious causes 
dd deterioration in concrete, namely, penetration of water or gas and the rust- 
ing of the steel reinforcement. Furthermore, the entire cross-section of the 
concrete becomes effective e in compression. Under | such conditions the 


als 


88 hal per cent. _ ‘The dead load i is much more important in concrete structures | 
. Ge in steel frame structures. For larger spans the weight of a bridge, for ex- 
ample, increases so rapidly as to prohibit the use of reinforced concrete. E By pre- 
Sorin the reinforcement, as suggested herein, thus reducing the sectional 
4 dimensions appreciably, the limiting span for reinforced concrete structures can 
‘The foregoing ideas, as applied to the introduction of initial stresses in a 
~ beam, are not new. As early as in 1907 Lund and Koenen® proposed placing» 
¥ - the tensile steel in tension before placing the concrete. Bending tests with — 
beams submitted to an initial tension of 8 500 lb per sq in. showed that the first © 


‘ cracks appeared when the loads exceeded by about 50% those corresponding to 4 i ee 


hile ih th. ati oar tian: 
qual 


Force 


beams made i in the ordinary manner; but the efficacy the decreased 


other attempts failed because the preliminary stresses in the. steel 
ends not sufficient to create the desired results. Steel that I has a — point 


stress tion 16 000 to 20 000 lb per sq i in., so that the bars cannot be stressed to py | 
than 10000 1b persqin. In some cases this degree of pre-stressing could 
not even offset the effect of accidental errors. Even the largest permissible s stress. 7 


- trifle from those of ordinary structural steel. By hardening and annealing a a Pe 


imposed on the reinforcement, in such cases, would require too much steel in 4 

a order to create internal stresses in the concrete sufficient to to afford a saving in a 
oe / material, In later years, however, steel has been developed with an ultimate = 
ig. 1). _ strength of as much as 140 000 lb per sq in., with yield point stresses as greatas ss 
y that 110000 Ib per sq in., and the prices for this high-strength steel differ only a a 


n (see -ea-drawn steel, and then cold drawing.it again, it is possible to raise the yield a 

point to from 185 000 to 198 on 

n re ___ Insteel structures the alloys that are brittle and lack plasticity are avoided. _ 
re 


Steel members with large and irregular sections can be damaged during the — 
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cooling if the are re-t00 brittle. In concrete it is the 
_ that provides the plastic element to the structure. On the other hand, small 
cross-sectional dimensions of reinforcement bars prevent damage, when | such 


ction 


per sq in. 
|b per sq in., and with material of this high strength it is possible to utilize the 4 
aonntngEn: of pre- “stressing for bridge construction. However, as far as te 


7 a struction of a large-scale model of a girder by a German concern which, in 19 
Bastc REQUIREMENT OF THE PRE-STRESSED 


no most important difference between an ordinary design of reinforced — 


rete and the “‘pre-stressed ” design is that in the latter all the concrete i in 


~ 


cross-section may be kept in compression. 

external forces produce tensile stresses, y are treated merely as as 

negative stresses, serving to decrease the compression created by the pre- 

stressed reinforcement. ‘The entire cross-section of the concrete is considered 
effective in compression. The imposition of initial stresses should be con- 


sidered in three successive stages, as follows: 


_ Stage (1).—Before concrete is poured an external tensile force is applied 
- mechanically to the reinforcement. This force may be termed the “prelimi- _ 
nary” tension. After concrete has been poured, the effect of shrinkage isto 
restore the length of the deformed bar to a certain extent, thus releasing a part 
of the preliminary 1 tension. On the other hand, the concrete is not permitted i 
* shrink to its fullest extent, and bond stresses are created between the steel 
and the | concrete, which have the effect of introducing an eccentric external 
- force. Stresses from this source are not great, compared with those due to ; 
‘verened loading, and they are not considered in ordinary design. No con- 
_ sideration is. needed, and for the pre-stressed beam, the period in which | the 
* concrete is setting i is the only time in which it is sander slight tension. 
ie -(2).—After the concrete has set, the preliminary tensile force is — 
a removed from 1 the reinforcement, which then tends to shorten to its original 
{ length and is ; prevented from doing: so only by the concrete; in this process, the 


% shrinkage stresses are eliminated, leaving a residual eccentric force to act against i 


_ the external forces that may be applied to the beam later. This eccentric foree 
9 produces a direct pressure and a bending moment in the peng If the bottom 
_ reinforcement is pre-stressed the effect is to introduce tension at the top, which, . 
in turn, is offset by the dead weight of the beam; but before the initial pull is 
=. released from the reinforcement, this: dead load is supported by forms and — 
“4 timbering. Upon release the beam bends upward, becoming loosened from the 
a forms, and rests on its ends. In this stage the stresses in the beam area 
combination of pre-stresses, fp, and dead load stresses, fp. 
ad In the design of a pre-stressed reinforced concrete beam, the aim is to 
eliminate net tension in the entire cross-section and to confine the compression 
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PRE-STRESSED REINFORCED 
within allowable limits. Expressed algebraically, following conditions 
be satisfied at Sta ge (2): atlas ad ow izie. pe 
AA At the top of of the beam add pa mer dl at 
(B) At the bottom of thebeam: 


the unit stress at the bottom; and fee = : the allowable unit. stress in 
: concrete. In other words, the initial tension at the top of the beam should be 
absorbed by the compression due to dead load, and the initial | compression — 
med by the pre-stressed steel on the concrete at the bottom of the beam 
should be be reduced to within t the allow able value, Socs for concrete, by the dead 5 


Sin Stage (3) —The final stage is is that in which the beam carries the full = 
td the beam having been pre-stressed to offset the effects of dead load, it must _ 

have an excess of pre-stress to cancel the stresses produced by live loads. For 


purpose the following conditions must be satisfied: 
© At the top of the beam: od) 220] ol? 
In the steel at the of the beam: 
which f. = = the unit tees due to live load; and, he = the he walt ot stress in the 
To take full advantage of the methods described herein, the beam should be ~ ag 
Ss temporarily up to the full dead loads before the preliminary stressinthe a 
reinforcement i is released. Otherwise, the pre-stress in the reinforcement would 
kept too low, limited by Conditions (A) and (B) 4 ate 
i In analyzing the stresses in the reinforcement, two » diatinet factors m must be 7 
taken into account: (a) ' The preliminary stress; and the “designed 
Mises Spe, Temaining , after the partial loss of the “preliminary stress.” 
This loss is due to the shrinkage, to the plastic flow, and to the compressive 
deformations of the surrounding concrete. jbotetdiy et 
tis important to determine the “designed pre-stress” exactly. The 
Gs of of the preliminary stress, due to the shrinkage, depends on the quality of the © 
conerete, For ordinary concrete the shortening may exceed 0.0004. This 
ie equivalent to a decrease of 12 000 Ib per sq in. in the tension of the steel. 7 he ; 
shrinkage of compact concrete is muchless§ 
; ‘The plastic flow ‘should also be considered because the structure will be 
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lb per: per sq in. of stress." The final flow after 5. yr this amount } 
‘not more than 30 to 40 p per cent. Thus, if the permanent pressure in the _ 
_ concrete is 500 lb per sq in., the shortening of the concrete under plastic = 
_ may reach 0.0000009 x 1.4 x 500 = 0.0006, , with a ‘corresponding decrease of oe 
18 000 lb per sq in. in the pre-stress. 

Achangei in the pre-stress ¥ will be ‘produced by the pre-stress while iti isin 
a the pro process of ¢ compressing the concrete. The reinforcement follows the | 
shortening of the compressed concrete and a fraction of its stress is released. _ 
If the compression of the concrete around the bars is 500 lb per sq in., the | : 
_ decrease in the tension of the steel will be about 5 000 to 7 500 Ib: per sqin. 

ie eee in time, the Fh a gee stress” may lose as much as 12 000 + 18000 


ever, the: structure. ‘should be checked to meet 
~ conditions of the first days, with a partial shrinkage and no plastic flow, to be 
sure that this | temporary excess of the res: will not produce an undesirable 


The stresses due to dead and live load will be governed by a factor of safety — 2 


- Ordinarily, these stresses are small to the designed 


to 40 000 lb pei per | ‘sq in. -point: value of any given steel. 
“preliminary stress” should be from 5 000 to 10 000 Ib per sq in. less than the <9 
yield point. The ¢ excess required for the preliminary stress” above the 
“designed pre-stress”” should be estimated as exactly ¢ as possible fora given 
As to the concrete, an ultimate strength of 2000 to 2 500 Ib per sq in. in 
compression ‘is assumed in the examples of this paper. How ever, if the 
_ advantages of pre-stressing are to be fully utilized, special high-strength grades 
of concrete should be manufactured. - Concrete of the highest strength can be | 
a produced most readily at a fixed | central manufacturing plant, and, conse- L 
quently, pre-cast beams and slabs can utilise the pre-stressing principle to the 
desirable i in are that: (i) deforms 
at a fairly cons it 
possesses high strength and quick- hardening best of 
_ obtaining these qualities is to manufacture a concrete with a minimum quantity 
<a of water and to insure that the product i is placed carefully, vibrating the forms — 


during the process. E. F reyssinet utilizes specially treated” concrete, that is, 
concrete that is vibrated, pressed, and heated during setting. This improves. 
a the properties of the concrete to a remarkable extent; in tests conducted byM. | 
_ Freyssinet the ultimate strength of the concrete made under pressure attained a : 
a breaking stress of 14 000 lb per sq in., and more, and a tensile stress of 150 ib 
7 persqin. The “treated” concrete is compact, subject to > only slight shrinkage, — 
resists repeated stresses, and is suitable for | pre-stressing. 
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stresses exceed the compute 


may be increased by some factor of safety. _ 


In a simple pre-stressed. reinforced concrete beam there are bending mo- 


a ments, M, shearing forces, V, and the horizontal force, T, introduced through a 
the reinforcement, to be considered. All the concrete 
a any cross-section is considered as acting in compression. i. 
The cross-section of steel may be replaced, for purposes — 
oof computation, the equivalent concrete | area as 
Referring to Fig. 2, let p = the percentage of steel in the ~ 
entire ¢ cross-section of a beam (pe referring to the steel at J 
“the top of the beam and Po to the steel at the bottom); 
d= depth of a beam; and b = width of a beam. Fur- | 
i. let the distance from the top of the beam to to the ; oA 
centroid of the top reinforcement be q:d, and to the cen- 
_troid of the bottom reinforcement, d. The distance 
ay down to the neutral axis: of the ‘section is k d, and the effective area of the 


e er: sar of the section about the neutral axis, after simplifying, 


= 


by ‘3 f safety should be assumed; if the actual ; ‘ as 

stresses, the resultant tension will be 
telatively shgnt ahd Wil be subsequently as the structure is restored 
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PRE-STRESSED REINFORCED CONCRETE 


it there is no top reinforcement, the expressions for k and | Cc ' become corre: 


of 
=  gpondingly simplified. In the case of a slab of unit width, b =1i in Equations ore 
- _ The pre-stresses are determined in a similar manner. Thus, subtracting ar 
i ss the area of the bottom re reinforcement, the ‘effective area resisting the pre- an 


‘Taking m about the top of the beam, and simplifying: 


7 


As 


T he moment at of inertia of the about the ‘heutral after ‘simplifying, 


Stresses produced by the: eccentric force, P, consist of uniformly 


compression, A ., and the bending stress, which varies s from 
the top to ++ P — ki) (d — ky d), at the bottom. area of the bottom a 
reinforcement i is py b d, and the value of the pre-stressing force 
Con sequently, the at the top of the beam is expressed by: 


nd the pre-stress at the bottom is: = =k 


= 0.083 + (0.5 — ki)? — P Pole -k 


= unity in e case of a slab. Asa an efit 
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‘PRE-STRESSED REINFORCED CONCRETE 


the area the ‘bottom may be with the following 


If the has no top reinforcement, = 0, and Equations (17), (18), 
and (19), are simplified accordingly. § Substituting these simplified values in 
2 fe p (39 - ) 


be the design of | pre- ed beams and slabs is confined mostly to cases in 

2 which there is reinforcement on one side of the beam only, and as the effect of 
- ignoring the steel area is slight, Equations (20) and (21) will be the formulas re 


The bending capacity of the pre-stressed beam can be determined f romCon- 
ditions s (C) and id (D). For th the most first condition ‘that is, 


= = +2 foe P (3q — Cy 

bending capacity of the concrete beams is, 

— 

1422 
that = 45 000 Ib in.; 800 Ib. ‘per ar 


pa sas 
=0. 347; ig = 0.9; 15; 


Ly 
of = bea 


cathe of 


when the stress in the steel changes in value to the other, 
po the external forces vary. The preliminary stress introduced in the rein- _ 
5 forcement is constant from one end to the other. Considering only the bending ~ 7 
me. due to the external load, the bond stress between two ‘sections, a 
distance, Az, apart is: dyad oGealq st 
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nok 
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Py m is greater about twice that of an ordinary — imi 

4 
15) — 


‘Steel stress due to the bending moment. . Asa limiting value, 


af 


a the concrete at the to} 0 = 

dx jd, 20°" 
ne well- known expression for bond. ‘When the steel has been properly — 
” _pre- pre-stressed, however, the concrete over the entire section is alway» under 


ee: tension induced by the e external loads, through the bending moment, is 
distributed o over the concrete area as well as over the steel with the 1 result that 


to (7) for the value of f,, the bond is by, 


and the ratio of bond values for the pre-stressed design a and | the 2 convent 


he 


for A, its equivalent, p db and d, = = qd, and 


= 
_ which is always less than one one. | ea Example 1 it proves to be 0.53, which indi- 
 eates that, for this case, the bond stress to be designed for i ‘in the pre- ori 
: 


ara 


beam i is only 53% as severe as in the conventional design. bs In fact, in most 
cases of pre-stressed beams, ‘the bond to be provided is relatively weak and 


~ need not be considered. If it is desired to check the bond stresses the following 


a Toward the end of a beam the reinforcement is stressed in a manner r similar : 
to that in the vicinity of tension cracks in the conventional design. Theoret- 


slips, thus gradually transferring excessive stresses to the concrete at that point. 
2 Asi is s known, concrete i is plastic aotla to “flow” under r applied load as in the 


is the change in the 

— 

— 

— 

—— t be anticipated, in _ 

of cracks mus 

uke n the conventional design, the appearance 
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t, actually, the stee 

_ieally, the bond stress is infinitely gr 


particles, thus avoiding rupture. This phenomenon has wit 


but i it is = in the design of 


oe point at which the foecen.7 were e applied, where the induced stresses are eet : 
to zero. Theoretically, the transition between zero pre-stress and full design 
_ pre-stress occurs over a very short length of bar, and 1 over ti this length the bond Bo 
es infinitely - great. ~ As a matter of fact, the distance over which this transition x 
occurs i is appreciable because of the fact that the bars slip. _ E. Freyssinet, who 


conducted t tests with preliminary stresses as high as 256 000 lb per sq in. » does — “ad 


not report any y difficulties in dealing with this problem. ‘At the joint meeting 


of the Institution of Structural Engineers and the Société des Sc a 


Gi ivils de France in 1937, he explained that adhesion is not a question of the 
“concrete sticking to the steel, but that it is a wedging action under the effect of 
® transversal deformations of the concrete, ‘similar to the gripping of a bar in — 
on a a wedge clamp. Its intensity and its efficacy depend on the quality of the con- 
oar erete and the packing of the concrete around the bars. ‘ In the case of “treated a 
-— eonerete, very restricted lengths (approximately 10 or 20 diameters) are suffi- 
hs cient to assure anchorage, provided there is a sufficient thickness of concrete 
sd that the surface of the metal is not smooth in the zone of anchoring. 12 
a In particular cases, the use of vertical end anchor-plates can be recommended. 
¥ If the reinforcement is designed to pass through such plates so that the ends 
‘ are fastened securely at the outside surfaces, the preliminary stress at the end — =, 
_ will then be heey between bond and the direct pressure » against the concrete _ 


_ inwhich f,and v are the longitudinal stress ond the shear, respectively, produced — a 


at the point will vary from maximum tension, which will sometimes be con- 
than the computed to a maximum com- 


by the bending moment at a given section. If f; is tension, the diagonal 


beam to the neutral pe combined with the effect of the s shear, v, this om la 

produce diagonal tension great enough to be unsafe. 
a diagonal reinforcement i is designed to meet this condition. - In the pre-stressed 
beam, conditions are entirely different. The longitudinal stress is always 
: compressive, and the second term of Equation (30) gives usually only a neg- 


ie ii For an approximate estimation, the second term may be replaced by the  . 


aol first terms of the corresponding series because, for the prevailing values of d 
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“( 


- the pre-stressed design f; varies from fac & at the ' top t to zero or some positive — 
value at the bottom, making at the snbiia axis about } fac. For f; = 3001b per 


= 150 lb per sq in., the diagonal tension will be only — . ee 


'Thus, the diagonal stresses need not be considered. They eliminate the bend- as 


of the bars and considerably simplify the reinforcement. The 


= _ permanent compression and the stirrups will play the réle of vee in columns, =: 
Correspondingly, stirrups should form rings restraining the effect of the bulging If 
conerete and should be placed along the entire span of the beam. 
a particular structure requires absdlutely no tension in the concrete the 
stirrups near the support may be pre-stressed as well. 


in to the moment. of loading. “The direct pressure 
_ uniformly distributed over a transverse section does not affect the deflection. — = 
“ pre-stress” bending moment acts in the direction opposite the loading 
and induces an upward ‘deflection. _ Therefore, it may be s stated that the a 
decreases the deflection of a beam 
7 —* the ¢ ‘customary balanced design, with the unit stress at the top of the 
6 _— eomerete, fac, and at the reinforcement, fas, the unit length of the top fiber will — 


7 decrease by a = =~ and the unit length of the reinforcement will increase by a 


3 This tends to bend the beam and the radius of curvature, r, ene 


to o'the top of oft the beam, will be e computed from the equation, — 


‘in which qd is the distenes between the top fi fiber or and the reinforcement. 


hi the “ pre-stress” the of the fiber will as 


a maximum, and the bottom fiber will enone, too, or, in oR, extreme case, 


i 
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>” 
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800 Ib per in. faa = 20 000 sq in. ; = = 2.000 000 


= 15 = 0.9;0 = 0.0004; = 0.00067; 2.95. 


‘the e other ver: the can its load. = 4 


; If equal loads are considered, the deflection for the pre-stressed beam will bee 
five tos six times than for the conventional beam. 


— 


satisfied at ev every point along the « span. If the section of the beam is designed 
a in such a manner that these conditions are satisfied for the center of the span, 
Bs it may be unsatisfactory for other points of the span where the outside bending es a 
% moment is less than the maximum. Indeed at the top of the beam, the a “8 
a compression due to dead load (which must absorb the tension created by the — 
s pre-stressing) decreases to zero at the support where the outside bending moment : 
Pe zero. Under such conditions, there could be a residual preliminary tension at 4 
the of the beam near the support where Condition (A) would mat be 


a 


Sey eliminate t the tensile stresses completely, Conditions (A) to (D) must be ' 


result that Condition (B) ‘would not be satisfied. ad} to 
This difficulty can be overcome easily by varying the section. _ The bending © 
-* ‘moment due to dead load varies along the span according to the parabolic law, 4. 
all (1-2). Tosatisfy Condition (A), the pre-stress, Sor, should be made to vary = 
~ secording to the same law by changing p or gq, or both, in Equation (20). ). This * , 
Bpoae by i increasing the width or the height of the be beam. The an 
: forcement under preliminary tension is fixed in position in cross- -sectional area 
cannot be utilized to adjust the pre-stressed condition, = 
7 ss For simple | beams and slabs the | best method is to increase the depth, w ithout ey 


changing the position n of the steel. In this case, ‘the depth, of a ata q 


from the support, is determined theoretically by the expression 


Suppor 


BE foo P \ 37 — 2) = 2(1 — 2)2 
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Equation (34) is the algebraic expression for * the well-known tule that when ae 


an eanaaie) force is applied at the third point of a section, the stresses at the 


farthest edge of that section are equal to 0. Condition (B) is usually satisfied 4 
_ when the depth i is determined by Equation (34). _ The addition to the depth ofa 


i beam decreases rapidly from the supports and for z = 41, this addition is quite a ind 
‘small. It is probably better to select a beam of the type shown in Fig. 3. Pr ee 
rather than the parabolic shape dictated by the strict theory. 


aa second solution consists in lowering the top of the beam so so that at the 
support the reinforcement is at a depth of 3d from the top. The distance from 
the bottom of the beam to the reinforcement is then Tepresented i by d d - ~9ed : 
and the depth of the beam at the support should be, 


In the case 0 of beams and slabs, Equation (35) yields values for r depth w which are ‘fe 


; ip and shearing stresses near ‘the support. In the case of large girders, however, 
solution of the problem is worth considering, 
Continuous beams and rigid frames present the same problem to an 


a. too small, and difficulties are encountered due to high compressive ala 


Lao 


greater degree because in this case negative moments occur over the supports. ‘ 

‘The pre-stressing must absorb tension at the top and compression at the a 
ero ofthe beam. For esey purpose the depth of the beam over r the support must be 
- inereased to dy < 2 dh or, even if the negative moments are large, to dy < 4 dy. ide 


In the latter case the sign of the “‘pre-stressed” moment changes and its effect 


Consequently, for the e continuous | beams and rigid fr rames the middle section _ 


is designed as for a simple beam, and the values of d, and d are computed — 
7 ‘ according to the foregoing equations. At the point of inflection, di increases to 
the value of § ds. _ At the supports, the section is designed for negative moment — 
- and the same formulas are simply reversed, changing the top and bottom. hb ” 
this case, the lowering of the top of the beam toward the support can bain: 


great use because it augments the relative eccentricity. of the pre-stress. 
ts If the span of a bridge i is great and if oo rao beams are not economical, 
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inasmuch as it would tend to crack of its Conca 
T- section has been adopted; but with the 
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pecomes as convenient ne as economical in reinforced concrete arene as it is a 


oi ‘The foregoing theory of the a 

Final formulas and for the ‘design are same and only the 
coefficients, K, k, and C, differ, according to the special shape of sections. 
ue. ‘The method of meeting the change i in the outside moments by varying the 


rec There are cases in which the principle of pre-stressing cannot be spplied , 
ad because it is impossible to select a value for the preliminary stress that will 
satisfy all the required conditions at the same time. This is true when the . a 


; live | load i is nig phat mt greater than the dead load, such as in the case of of ham 


Since fez is to = can be! in the form: ak pe 


relation, the at the bottom and the top, 


(21), becomes, 
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In other if the ratio between live load and dead load the value 
represented by the right-hand member of Equation (42), the preliminary stresses 
in the concrete cannot absorb the maximum tension at the bottom, and, at the oe 
be same time, the stresses to be absorbed at the top by the minimum compression, ‘ 


“Therefore, it is impossible to are the beam for complete elimination ee 


in ‘the »conerete, At the of k 0, 55, a= 0.9, and Le = 2. 

followi ing illustrative problem will the tremendous saving 

improvement in design possible by introducing preliminary stresses. ork 


Example 1. —To ‘demonstrate the manner in which _~pre-stressing can 
influence the dimensions of a reinforced concrete structure, consider a pre-cast, ia ‘ a 
slab bridge. At present, the excessive weight of pre-cast slabs limits their use 
A to comparativ ely small spans, and any method of decreasing the thickness of 
such slabs would permit increasing the span length; for example, consider a | - 
bridge with a clear span of 25 ft composed of separate units 29 ft long and — Be fy. 
16 ft wide. Each slab is pre-cast in a central plant, transported to the site, “a : 
“and placed in position by cranes. For a slab 28 in. thick, the effective span 
_ may be assumed equal to 25 + 2. 33 = 27.33 ft. _ The dead load is 415 lb per e 
sq ft, and for an element 1 ft wide the bending moment due to dead load is, ie 


bath 


in for maximum live load moment. The value of this moment, 


ons 


L 
2 


“Fra. 4 4.—Truck Loapina yor | (08) 


plus 25% for impact, on an element 1 ft wide, is My; = 4 166 L (0.5 “) 


“If the length, L, equals 2 27.33 ft, Mz = 22 800 ft-lb; ta = 650 lb per sq in.; 
Sas = 18000 lb per sq in.; sand? = In current design | practice, ps = 0. 
n and the thickness of the ied is found to obed = 0.099 V38 600 + 22 800 + 3. 0 

The next step is to design the pre- -stressed slab. In Fig. 5(b) let d = 16, 
4 _el 0.0086, and fas = 45000 Ib per sqin. The effective span length, L, is e 
;  -25- +1; 33 = 26.33 ft; the dead load is 1.33 X 150+ 65 = 265 lb per sq ft; and 4 
ss bending moments are computed to be, respectively, Mp = 22 900 ft-lb; 


and Mz = 21 700 1 ft-lb. Since there is no o top reinforcement, Pe = 0 and qe = 0. 


Furthermore, = = 0.8445 and Equation (3), k = 0.537 and 

sa “* What the D. L. & W. R. R. Is Doing i in Concrete Design’’, by M. - Hirschthal, M. ‘Am. Soe. Cc. ll me 
Railway Renew, October 9 and 16, 1926. a 
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pore (4)) equals 0.0833 + 0.037? + 14 x 0.0¢ 0086 x (0.844 — 0. 837) 


*4 


0.096. By Equations (5), (6), and (7), the are computed to be 
(in pounds per square inch): fi = 500; fon = — 430; fa = — 4290; 

= 473; Sou 408; = 4 060. 4000.” By ‘Equations (10), 


(@) SECTION FOR THE CON- (6) SECTION FOR THE PRE- ~ 


5. —CompParison BEtTwEEN THE CONVENTIONAL AND THE Desicxs 


=. a the stresses in the slab due to introducing preliminary stress in the steel are: 
D,= 0.9914; ki = 0.497; Ci = 0.0843; = — 0.00885 fy; and fop 
0.0265 fps. ‘These five values must coincide with Conditions (A), 


n= ie (C), (D), , and (E), and the best method of checking the selected section is, 


ws first, to determine, from Conditions (C) | and (D), what “designed pre-stress’”’ 
in the reinforcement would impose the required stress in the concrete under te 
full load; and then, by Condition (£Z), to make sure that this preliminary — 


500 + 473 = 650, and, therefore, fe = =- - 36 500 Ib per in.; Condition 
(D): Fy” = — 0.0265 fy» — 430 — 408 = 0, and, therefore, fp, = — 31 600 4 
sq in. ; and, by Condition — F,” = — (Foe -4 290 - — 4060) = 
45 000, and, therefore, fre = = 36 650 Ib per sq ‘The similarity 
the optimum values of the “designed pre-stress” ‘to be imposed i in the rein- 
fe -— forcement, in order to utilize concrete (see Condition (C)) and steel (Condition — 
(BE) to the best advantage, indicates that the section is well balanced in this 
- ‘Tespect. . Conditions (A) and (B), for - dead load. only, will be usually satisfied s 
- Conditions (C) and (D), for full loading, are satisfied. Nevertheless, all these - 
From Conditions (C) and -(Z) it is possible to state that — 36650 = 
— 36 500 Ib per sq in.; and, assuming that f,, = — 36 5001b per sq in., _ - 
the stresses due to dead load are (see Conditions (A) and (B)):F;/) = + 0. 00885 es 
X (= 36 500) + 500 = + persqin.; and Fy’ = — 0.0265 x (— 36 
— 430 = + 538 lb per sq in. It is unnecessary to compute the value of F,’ 
because the reinforcement is alw ays stressed more under full loading. 
maximum live load the corresponding stresses are: F,’ 177 
ae 650 lb per sq in.; Fy” = = + 538 — 408 = + 130 lb per sq in.; and | 
= — 36500 — 4 290 — 4060 = —44850 lb persqin. 
bad It will be noted that the design is especially well balanced. B "iii oii = 
ever occur in the concrete and the compression stresses are a minimum (+ 177 ae 
_ |b per sq in. at the top, and + 130 lb per sq in. at the bottom). This margin a: s E. ; 
- should be sufficient to absorb any accidental i inaccuracies introduced by c compu- 2% q 7 


\ tations or assumptions, before tension stresses would appear in the concrete. ‘s 
Before the live load is applied, the reinforcement is under a tension of 40 790 a - 
it persqin. The live load adds only 4 060 Ib Ib per sq in. a. an unimportant in in- ore 


crease of 10 per the 
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The advantages compared with the conventional design; 
are demonstrated in Table 1. The indicates that depth of of the 


on. TABLE 1 ADVANTAGES OF PRELIMINARY STRESSES 


Cross-Sectional Areas: 
Concrete, in square feet. 
Steel, in equare inches. 


in Pounds per Square Inch: 
At the top..... $409 | 
At the bottom. . eee BH 688 
_ In the steel... 40290 = 
Percentage i increase in steel stress under live load . d ale 


slab should be increased from the center toward the supports, where it reaches 


a maximum value of dy = 4 gd = = } X 13.5 = 20.25 in. At the supports ts the 


_ stresses in the ¢ concrete ar are zero at the top and, at the bottom: ae. 


2 Soe _ 2 X 36 500 ) X 0.0086 x ; 498 Ib per sq in. 


_ Instead of computing the theoretical curve of the bottom of the slab, or 
beam, it is ‘simpler to design sections for several points along the span. In In the 


“a The total weight of the pre-stressed slab unit is about 19 tons, 37% less 

than for the conventional design, od an 
Example 2.—Consider the same pre-cast slab Fig. 5b) in Example 
except that it has double reinforcement. ial Let d= 13 in. zi Pt = = 0.012; pore 4 


P= 0.0105. f The dead load is 1.08 X 150 + 65 = 227 lb per sq ft; Mp =} 


hs, 


X 26.08? = 19.200 Ib-ft; a 4166 x 26.08 ( 0.5 


am? 21.500 lb-ft. By Equations (3) and (4), k = 0.495 and C = 0. 1208; and — , . 
Equations (5), (6), and (7), fe= + 0.0242 M; fy = — 0.0247 M; and 


_ Stresses due to external loads are (in pounds per square inch) computed as: - = 
fo =+ 465; foo = — 475; fav = — 4950; fir = + 520; for = — 531; and Bes 


¢ 
‘fu. = — 5550. By Equations (8), (9), and (10), Ki = 1.157, ky = 0447, 


C.= 0.0988. By Equations (12) and (13), the pre-stresses are: for 
0.00008 fap and fos = — 0.0325 fr». On the other hand, the pre-stress 
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950 — 5550) =+ 45000; or, fap = 34 500, 


Bit! 


— 3 000 Ib per sq in.: 


= +00 00993 x (- 000) + 465 
— 0.0325 x 000) — 475 = + 631 


=+ 127 + 520 = + 647 lb per aq in. ran 
= + 631 — 531 = + 100]b persqin. 


34000 — 4950 — 5550 = — 445000 


Thus, all conditions are satisfied. a ‘The cross-section of concrete “required is 
only 1.08 sq ft which is less than 50% of the area required by conventional 


design. The cross-section of steel is 3.51. sq in. _ which is 66% greater than . 


conventional design. Such a design may be recommended only if the thickness 
-- or the weight of the bridge must be decreased in order to meet local conditions. — 
ea The slabs can be made even thinner by introducing a concrete of higher Lg 
strength; for a if the allowable stress i in the en can be increased to 


‘To test the of stresses in reinforced 
= Freyssinet constructed beams reinforced symmetrically with 
different kinds of steel bars and wires, including piano wire with an elastic a 
~ limit of 284 000 Ib per sq in. Initial tensile forces were ‘applied | such as to a 
- produce stresses from 99 600 to 256 000 Ib per : per sq in. Mortar was placed in a 
_ small portions and vibrated; samples were tested by bending; and the cool -) 
were very favorable. Rupture occurred at loads much greater than were 
theoretically computed. In some cases the samples failed in the steel and, 
B. in some cases, in the concrete; but in the latter cases, too, it was the steel that _ 
2 produced the e rupture by exceeding its yield-point stress. The deflections a 
a small, being almost always only about one-fifth of the deflection observed in 
. - conventional design. What is of a special importance as applied to reinforced 7 
conerete, the deformations were completely reversible. No cracks appeared 
Hes ‘until tensile stresses due to working loads exceeded the initial compression 
stresses by from 280 to 430Ibpersqin, 
1935, E. Freyssinet conducted reversed od bending tests" on ona post 40 ft long, 


__ im the steel required by Conditions (C7, (2), and (in pounds per square 
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+1000 to - — 1000 Ib at the 1 rate of eight times per minute. A controlling | 
o>: of the conventional design, heavily reinforced with 286 lb of steel, was fis- 
sured after a few hundred deflections and broke after a few thousand deflection a. 
; A ‘“‘pre- stressed” post of the “treated” concrete with only 110 Ib of steel wes 
subjected to 500 000 deflections without any alteration. 


In 1934, W. K. Hatt, M. Am. Soc. C. E., tested a series of 8 by ‘ein. | beams, 
en ‘13. 5 ft long, reinforced with two} rods ( 0. 816 in in. in diameter. re These pen = 


Measured 
Prestressed Beam | 


Measured Stresses, 
Conventional Beam 


External Moment, in Thousands of Inch-Pounds 


T= Top of Beam 


B= Bottom of Beam 
740012001000 800 x 200 400 600. 


ae? hay Compression in Lb per Sq Tension, in Lb Lb per Sa in 


= 
betwi een the rod and the _— had been destroyed with an eapheltie coating 
nd, after ‘setting, the reinforcement was pre- -stressed to loads of 8 372, 
_ 11151, and 15 372 Ib per sq in. Stresses in the concrete and in the steel were 
Measured A beam of the same section, but not pre-stressed, was also 


| — 


by the of the pre-stressed beam; and 3) measured exactly, 
in a tested conventional beam. The computed stresses at the bottom of the 4 
concrete agree W with tests. Some difference i is observed for the 


computed value. Measured deflections follow strictly theoretical con- 

: = clusions. The pre-stressing first produced upward bending. Under the bend- — 
a 4 ing moment of 100 000 in-lb, the beam regained its initial form. The conven- S 
tional beam deflected under the same load as much as 0.035 in. Then the load i 

_was increased so as to produce a unit stress of 1 050 Ib per sq in. in the concrete — 


: in the conventional beam; and the deflection measured in the conventional — 
was 4.4 times that in the prestressed beam. 


Engineering News-Record, September 13,1934. 
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ae 
Fie. 7. —Unrr Sree. 
A most. interesting test was conducted in 1936, in Germany."* A model — 
girder, 65.5 ft long, varying in depth between 33 in. and 46 in. was used. Both — 7 a na 
~ the horizontal and the vertical reinforcement was pre-stressed to 70 000 Ib per per P Mg 
¥ sqin. The working unit stress in the concrete was 2 056 lb per sq in. in com- ise 4 
pression and, at the steel, 78 000 lb per sq in. The girder weighed only 150 lb “en 
oe lin ft, and carried a load of 940 Ib per lin ft. _ * Under repeated loading the 
= acted like a perfectly elastic body and disclosed no signs of fatigue. — Re Sa 
-—inforeed with steel having an elastic limit of 140 000 lb per sq in., the girder had Sa 
a factor of safety of 2 in the steel and of about 4 in the eoherete, 9 The deflec- _ 7 
tion was ote bis gatos «wt bes abor 


+3 ‘i The details of this experiment have not been made > public, but, o on n the basis en 


it equal to 0. 05 L, could be built economically. — Such : a @rder would carry 600 7) 
— tons of its own weight and 300 tons of useful load. The deflection would be a 
one-third of that in a steel structure of the same dimensions. 


or Pre-STrEssinG THE ‘REINFORCEMENT 


Three methods can be used to pre- atrees. the material required: seom 


Mechanical devices of various forms can be devised. Ends of the 

, inforcement bars can be hooked and connected to the special ‘anchor-beams by 

a means of these hooks, intermediate hooked bars and clamps being fixed on the 7 oa > 
anchors. One of the anchor-beams is subjected to the action of jacks held 

against a strong abutment. In this manner the reinforcement bars are stretched ba i 

pd toa predetermined value. Devices of this type are suitable for the manufactur- - 
Ry ing of precast structures in a concrete yard where supports can be built per- Rs «A 
= _ For field work, it may be preferable to use the forms as supports, strength- ae 


_ ening them with end blocks and struts and carrying loads from one end of the a 
Conerete and Constructional Engineering, April, 1936. 
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pth (2) Reinforcement can be easily pre-stressed by heating the rods. ey 

ax, achieve the expansion corresponding { to the stress of 90 000 Ib per sq in., it ? 
Pe required to introduce a temperature 260° C above the normal temperature, 
The problem of applying heat is simplified by electrical devices, as has been 
. Rum, in who applies this process to pre-stressing 

Ts However, the treatment should be tested carefully. In this 

steel i is to and in contact with 


Frey: ssinet, Ww ‘ie introdeced the heating of the concrete as an essential ele- 

i ment of his new method of “‘treated” concrete , acknowledges this fact but ex- a. 
plains it as being due to non-uniform heating. On the other hand, the other 
noted French engineer, M. Lossier,’’ cites the precast electric insulators pro- 


A. 
duced in 1913 at 185° F, when the concrete was rammed. the end of four 


a * years they 1 were in an excellent condition, but three 3 years later their strength © ; 
Was reduced much below that of ordinary insulators. . It appears possible that 
‘ initial heating is injurious to chemical actions over long periods of time. If it ?. 
results in destroying the bond between the steel and the concrete even “in the 
long run,” heat cannot be used for pre-stressing. = 
(3) An ingenious method of ‘ ‘self-prestressing” was used by E. Freyssinet 
for piles i in combination with his ny treated” concrete. 7 Piles were manufsctared 
a in place in sections between two cylindrical moulds. The external mould con- 
a sisted of half-collars which were fixed with screwclamps. The internal mouldis 
air] made « of a steel tube surrounded by an envelope of india rubber with a cotton 3 
F aq armor. The space between moulds is closed by an annular plate with holes for — 
_ ‘tods and for placing the concrete, and rods are clamped on the top of the plate. 
concrete is poured ‘between the moulds and vibrated by external 
_ vibrators. The excess water escapes through joints between the collars of 
nt the external mould. Then the vibretion is stopped and a hydraulic pressureof 
_ 285 lb per sq in. is exerted in the internal mould between the steel tube and the 
3 rubber envelope. This pressure is transmitted to the concrete and through it — 
_ to the top closing plate because, immediately after vibration, the concrete acts 
— as a liquid. - ‘The plate rises ‘and stretches the rods that are fixed to its top, al- 
a most to their elastic limit. The pressure is maintained for 20 min, the water = 
Pa leaks freely t through the joints, and the reinforcement is pre-stressed as required. | 


ONCLUSIONS 
From studies made by the writer and described in this paper, six broad * 


seem to be justified, : as follows: No) 


1—In reinforced concrete design, there are advantages in increasing 

« or decreasing, artificially, the stresses in one or the other materials involved. 54 
One of the methods consists in introducing preliminary tension in the reinforces 
fy = and tests by E. Freyssinet and others show that this method is practicable. 7: 


— the other. _In this case, jacks 
— form to the other. 
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and are favorable when the preliminary stresses can 
go as to counterbalance the stresses produced by dead loads and live loads. rt. ". a 
-3.—Pre-stressed designs may result in exclusively great savings of material — 
or they may permit considerable increases in maximum span length. In either a 
ease, the structures are more reliable than in the case of conventional design 
because the tensile stresses in concrete are completely canceled and the com- ae 
pressive stresses that occur over the entire cross-section tend to prevent 
| 4—The arrangement of the reinforcement is simplified considerably seni 
oP the diagonal tension is appreciably less than in the conventional design, and in >, 
continuous beams, reinforcement i is not necessary at the top. ss kh, ae 
- @ hte order to | gain the greatest advantages from the principle of pr pre- 
: stressing, it is important that the reinforcement have a high yield-point stress — 
and that special devices for s for applying the e preliminary s stresses be available e. The 
cost involved in both cases is not serious. ue 
6-—The effect of introducing the pre-stressed 
will be to develop much lighter, more ‘Teliable, cheaper, and 


‘tat 


‘Structural and Testing Materials'* by the American 


Standards are offered for the of readers 


= area; = effective area that resists 


a subscript denoting “ 
6 = breadth, or width, of 1 a beam; as a se b denotes — I 


‘Se = depth of a beam; dz = depth, d, at distance, from the left support, — 
i. = = net unit stress; f- = unit stress in asinine f, = unit stress in steel; Ae 
+ fp = unit pre-stress (initial compression); — -f,= = unit pre-stress— a 
_ (initial tension); fp = dead load stress; f; = unit stress at the top 
of a beam; f, = unit stress at the bottom of a beam; ; fa = allowable ; - 
unit stress; = unit stress due to live load. 
= moment of inertia of the effective area; h=m moment of hele. 


outer compre compressive fiber and the point of application of the resultant: 
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= ‘a substitution factor = 1+ (n — 1) (ps + = the ‘substitus 


factor for no top reinforcement = 1 — pp. ane 
sk = ratio of distance from the neutral axis to the top fiber of a reinforced — 
conerete beam, to the depth of the beam. al hoes sy 
L= live load; as a subscript, L denotes “live load”. wane 
1 = length; as a subscript, / denotes “longitudinal” stress. 
a concentrated load; as “designed pre-stress”” force applied toa 
ie = percentage of steel in the entire cross-section of a beam; p; = referred — 
to the top steel; p, = referred to the bottom steele 
a | ee q = ratio of distance from the center of the reinforcement to the top — ae 


fiber of the beam, to the depth of the beam. 
= asubscript, denoting “steel”, 
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WHITNEY M. Am. Soc. C. E. (by letter) —The pre-stressing 
of reinforcing steel is of considerable advantage in the case of some special uses 
of concrete and has very interesting possibilities. — The writer believes that — 
Mr. Rosov is over- -enthusiastic regarding the general application of the method , a 
Ms to concrete structures. It may be that the author emphasizes its theoretical - a 
advantages without full consideration of the practical limitations. 
Concrete is a very imperfectly elastic ‘material, and any attempt to estimate 
x ‘the actual stresses in a pre-stressed member under loading conditions is certain - 
~ toresult in a very rough approximation. Pre-stressing i improves the behavior _ 
7 of concrete under load by reducing the cracking, but because of the a 
strains which occur before failure, pre-stressing will have practically no effect 
‘e the ultimate strength of the member. Therefore any increase in allowable © 
load due to pre- yre-stressing will reduce the factor of safety against ultimate failure. , 
No doubt this is warranted in some types of structures because of an increase 
~The difference between the tw o slabs indicated in Fig. 5 cannot be justified — 
. oy: pre-stressing the steel, but is largely due to the inadequacy of the a 
Applying the formulas proposed by the writer, 20 and assuming the 
- conerete cylinder strength, f-’ = 2.000 Ib per sq in., and the steel elastic limit, 
‘fg = 40 000 lb per sq in., the ultimate bending strength of the conventional 
design (Fig. 5a) per foot width of slab, expressed 
is equal to 1 945 000 intb. For reinforcement”: 


di 
baa 


12 X 25 X 25 
therefore, has a factor of safety of 12 x 61 400 ~ .64 against 


thal. Lad 5 000000. Maud rida ak 
; ues and a factor of safety of 12 x 61 400 ~ = 6.8 saint concrete failure. — 
oe "According to the author’s statements an allowable unit stress of 35000 Ib 


Per sq in. in the steel for the pre-stressed design would require an elastic — 


at 
oF *“Design of Reinforced Concrete Members rs Under er Flexure o or r Combined } Flexure and -_ 
= Compression,” by Charles S. Whitney, Journal, Am. Concrete Inst., March-April De 
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limit o of 90 000 lb per sq in. 2 "Assuming this value of fy and apy applying 
writer's formulas to design shown in Fig. 5(b), the percentage of Bs 


Equation (44)), 


The ultimate strength by Equation (45) ‘is 12 X 13.5 X 13.5 & i: 


=1 -_ 000 tes per sq in. ‘The factor of safety of the author’s design against 


pre-stressed. The pre-stressing will reduce the amount of cracking in the 

concrete, but that can also be reduced by using more steel, which could then Asp 
4 have a lower yield point and which would provide lower bond stresses. For — 
structures the pre-stressing procedure does not appear advantageous. 


Karu W. -LeMcxg, Assoc. M. Am. Soc. C. E. (by letter). —Pre-stressed 
reinforced concrete is somewhat similar to the jacking of moments into truss 
members in order to nullify or greatly decrease objectionable secondary stresses, 
q In each case the capacity of the member involved i is increased without adding 

7 to its section. _ The author has presented an interesting and timely paper. 7. 

Sa Although considerable progress has been made, the writer believes th 

_ reinforced concrete as a structural material is capable of much f further develop 

4 ment. af While American engineers are generally i in the forefront of program, 4 

5 * in the matter of conceiving long-span concrete bridges they seem to be behind — 3 

European engineers. As against: the 460-ft reinforced concrete arch span of 

the George W estinghouse Bridge, at Pittsburgh, Pa. iy the French have the 7 

612-ft arches of the Plougastel Bridge, near Brest. Freyssinet, the designer 

of the latter structure, has very ably stated the reasons W why greater progress 


has not been made in long-span concrete construction.” 


— 


_ Referring to pre-stressed concrete design, Mr. Rosov states in effect that, 
long Spans an I-shaped girder be but that 


due to its s tendency to crack. 
~ conventional design and I-section was designed and built across Salt at 
in ‘Humboldt County, California.* Reinforced concrete was chosen in prefer- 
= to structural steel because it was felt that, due to the heavy. fogs and 
| moisture at the site, structural steel would be subject to great corrosion. The nl 
design was also cheaper. The bridge was a two-span continuous 
“one, , 284 ft long. g. The; girders were 12 ft deep, the top flanges, 2 ft wide, the 2) 
— bottom flanges, 1. 5 ft wide, and the web varied in thickness from 7 in. to 18i in. . 
_ As this structure was built about 1920 it would be interesting to know how 
it has withstood the « elements, and whether the bottom flanges have cracked. — 
_ The author gives some interesting comparisons of designs for a highway < 
_ loading and a 25-ft clear span, referring also to the conventional designs of the - 
Delaware, Lackawanna and Western Railroad, as of 1926. In this connection 4 


Robinson & Steinman, New York, 


2 Civil Engineering, February, 1932, p. 96. 
Engineering News-Record, February 26, 1920, p. 427. 
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ways might be of interest.* Among other types, single spans as long as 60 ft, 

~ both precast and poured in place, have been developed to 0 carry Cooper’s E-60_ 

i live load. It is ; stated that economies of from 30% to 55% are shown by 
pe these structures over those built in the past; if designed of pre-stressed rein- — 
iy foreed concrete they would probably show a still greater saving. io. xtetty 
-¢ seems to the writer that the 10-in. slab thickness mentioned for a 25-ft x 

dear span is rather shallow even for pre-stressed reinforced concrete construc-— 
tion, and might produce excessive deflections; also that 2 000- lb to 2 2 500-Ib 


- eonerete was a rather low grade to use, » although the author n may have ‘taken 
The advantages of having no bends wal: ‘steel reinforcement 
probably be offset by the increased cost of forms, due to having to increase 
the depth or width of the members, 
0. jobs that are poured i in the field the pre- -stressing of the reinforcement _ 


might be quite e2 expensive due to the high w wages s of labor, but this cost would — . 
be seduced materially the had been standardized. 


the attention of the profession the aaveneiaes and economies of pre- pre-stressed 
concrete, and should also further its development. 
i 


F. PETERSON, JR., 25 Jun. AM. Soc. C. E. (by letter). —The 
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ussion a subject 


— 300, he determines fa as 
to — if values are ‘substituted in Equation (30), 
from which the author derives Equation (31), fa: =-1 150 wet 1507; 


fata 


(2) 


always compressive for pre-stressed beams. The ‘Stress on Plane BD (see 
‘Fig 8) is minimum tension o or ‘maximum compression, and that on Plane AC 
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of Which, pending further mathematical and experimental inv ma j eRe: 
he lead to some appreciable economy in reinforced concrete design. = 
_The writer does not acree with Mr. Rosov’s rss 
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PETERSON ON PRE-STRESSED REINFORCED CONCRETE = 

maximum tension or minimum compression. The former case is'not im. 
portant since, as Mr. Rosov states, the maximum value of f; does not oceur _ 
‘at a point of maximum unit shear stress, v, and the diagonal compression — 
will never be much i in excess of the allowable. In the case i in which the prin. 
cipal stress occurs on . Plane AC, fa will always have a tensile value if shear — 


=: 


‘The series in (47) is convergent if if v< For 


a values of v greater than, or equal to, 3 3 fi, the series does not define the redid. 


instead “h as in Equation (31). Asan example choose v = 100 and f; = 400; — 


hen, Sa: = 100X100 = 25 lb per per sq. in. If the series is carried to the second 


approximation, fa = 23. 44. _ The value of fa is between the first and second aM 
since the s series is alternating. Equation (30) gives 23. 6. 


* The purpose of the foregoing comment is merely to show that the | assumption _ 
expressed by Equation (31) is not valid. _ There is no gain in using Equation 4 
(48) for purposes of ‘computation. -Appreciable- diagonal tension “may occur 
near the end of the pre- stressed beam, although 1 ‘not to the extent that it J 
would occur on ordinary beams of the same depth. 
Assuming the | section» to be entirely in compression, the unit ‘shear, 2, 


may be determined at wad point by us using the transformed section and the 


- in which Q= the first moment about the gra’ erivity 0: axis of that portion a the 

4 transformed cross-section lying above the point for which v is to be determined. 

Since the end moments will be small the stress ) diagram will resemble Fig. ; 


9(b), and it is obvious that a value of r r will occur in which fg will be a maximum. 4 


However, if, mere: 


moh 

r.. is taken, assuming a parabolic variation of v and a straight-line wasialil 


Of fi, | . fifth- ie equation in + r results, and it is probable that it would be 
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i which is the unit pre-stress: acting on on the . Finally, 4 


easier to investigate three or four points on the section for v than to attempt oa 
be Effect of Shrinkage and Plastic Flow.—lIt is also to be emphasized that 
the designed pre-stress is not the initial tension imparted to the bar. The 
effect of shrinkage will be to reduce the nog stress directly, With no effect 


bi reduction i in fp, due to shrinkage is m E, in which m is the coefficient of shrink- ., 
age The elastic deformation of the beam will f further reduce pre-stress. 7 
change in length of the concrete fibers, ‘must equal the change in 
length of the steel, AL,, in any unit length of beam; but = 
4 in which 5, and 5, = changes i in length due to rotation (moment), and, ll - 


ening (direct stress), respectively. Furthermore, 


which, is the pre-stressing force remaining on the soction; but, - 


6 


atsh 


ing the concrete. Equating Gt = AL, = = AL,, and reducing, -4 


which Toa ia the is the unit pre-stress imparted the reinforcement before plac- 


the value of effect of plastic flow h has occurred. Since the 
a member is under compression from the effect of the pre-stressing force the 
fibers adjacent to the steel will tend to o shorten due to plastic flow. This 
will occur ‘progressively with time. The ultimate plastic 
18 is approximately 1 000 000, which, when combined with £,, will | give a se- 


cant modulus, N, Tepresenting the combined © effect of flow and elasticity 


, of 40. dead loads will aleo have 
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PETERSON ON PRE- STRESSED REINFORCED CONCRETE 


an effect ‘on the due to flow. The longitudinal 

; — ening of the member will tend to release the designed pre-stress, and the 

ss gagging of the member will tend to increase it. The deformation of oo 

unit length of fiber at the steel due to the dead load will be, | 

3 in which Cp is based on on n’. Equating the deformation of the concrete 


ltpn (q (qo — kip)? 


in is the » stress “remaining after the effect ‘ia 
= - elastic, and ultimate plastic deformations have occurred, and the beam is 

earrying the total dead load moment. The beam at this stage still behaves 
4 elastically as far as the external loads are concerned, the effect of the rant 


entirely in the pre-stress. The tension in 


AA 


the steel due | to loads, the beam elastically, i is 
The pre- is then: 


— 


(69), 


an of the effects flow Example 1 of the 
pom is investigated (see Fig. 5). The values of the section functions are 
a by Mr. Rosov. . The | plastic functions are kp = 0. 586, and C>= = 0.11 13. 
ip, kip, and Cip are equal to Ky, ki, and Ci, respectively. A designed 
‘a stress of — 36 500 lb per sq in. is to be used. Substituting the proper values 

in Equation (56), assuming m = = 0. 0004, and panera the necessary algebraic 


transpositions, = 60 000 Ib] per sq in. After ultimate plastic deforms-— 


tion has occurred, the effective tensile pre-stress in the steel is found by Equa- 


000 — 12.000 + | 844 — 0.586) (22 900) (12) (40) 
(0.118) (12) 16) 16) 
a 0.347? 1 45 
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-0. 00885 (26 300) = — sq in.; = 0.0265 


= 270 + 478 = 748 lb per sq in.; and, = 270 — 408 = = — 162 lb per sq in. 
. “At this condition, cracks would occur, and it is evident that the compres- 
gion sion area would no longer extend over the face of the section and the fore- _ 
‘ going analysis would be invalid. The condition tends to a approach that — 


oe effect of plastic deformations due to to dead load is opposite to the effect ga 


of plastic deformations due to pre-stressing. The case investigated ji is de- 


y signed for a dead load greater than 50% of the total load. In cases where — 
the dead load is less significant, the effect of reducing the the pre-s -stress due to 
Spirally Reinforced Columns.—Another application of the possibility 
of using a designed pre-stress to advantage might occur in the case of spirally 
reinforced columns. Shrinkage of the columns will induce compressive 
stresses of from 12000 to 18 000 lb per sq in. in the longitudinal steel, with 
on stress in the concrete. This compressive stress in the steel will be further 


that when full-load conditions for the column are reached, the steel may 
be stressed from 20000 to 30000 Ib per sq in.** This is borne out by the 
fact that test columns usually fail when the longitudinal ‘reinforcement reaches y, 
F its yield point and bulges. — By pre-stressing the steel in tension, more of é 
the stress would be transferred to the concrete, or, at least, the stresses in - 
_ the steel due to cringe and the flow could be neutralized. It would be 
desirable, of course, to introduce a greater percentage of spiral reinforce- 
ment to restrain the additional deformations of the concrete. This is a le 
matter for thorough inv eatigation by experiment. 
conclusion, it seems” to the writer that, although ‘stress control due 


of deterioration of the pre-stress by plastic flow should be considered and 

an attempt - made to evaluate it. . Further investigation | of | the specific effect 

of flow on pre-stressed beams > is needed. — Although the particular beam — 
investigated by ‘this discussion apparently develops: a rather unfavorable 
condition due to plastic flow it ‘may ‘be possible, using , high-strength ‘steel, 

to design beams of greater economy by using the principle of pre-stress, the 
‘limiting condition being that the stresses before and after plastic flow has my 
ed will be within the allowable limit. It is also concluded that ap- 
‘diagonal: tension in spite of pre- “stress, and its 


A 


FY 


as the depth | of the beam decreases. ‘ab 


AL,? M. Aw. Soc E. “(by letter). pre- stressing of 


=a = 
reinforced concrete in bridge construction, as suggested by Mr. Rosov, is very 


t ‘Principles of Reinforced Concrete Construction, 4 by F. E. ‘Rernaaase, Hon. M. Am. 
0c, E., and E. R. Maurer, Chapter VII, 1932. 


Engr., D. L. & W. R. R., Hoboken, N. 


- (26300) = + + 700 Ib per sq in. For dead loads: F;’ = — 230+ 500 =270 
per sq in.; Py = 700 — 430 = 270 lb per sq i in.; and, for live loads: 


of an ordinary beam, somewhat “‘under-designed.” It is to be noted that 


increased by plastic flow of the concrete under dead load, with the result =) 
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it is to be feared that it is purely for 
_—z ¥ members that are cast in place. To the writer, the most interesting angle is ' = 
4 3 that referring to the elimination of shrinkage stresses in slabs and beams by : ( 
_— _ In this connection, it may be e interesting to note that the writer has re- i: F 
quested the personnel of several university experiment stations to make tests 
: _ on a form of pre-stressing, with special application to pavement slabs. The a 
— r shrinkage (or temperature) reinforcement of a concrete slab (similar to a con- Re 3 P 
' aie 9 crete | pavement slab) is to project beyond the slab ends and be restrained from x sf i 
._ ‘4 responding to normal shrinkage action which puts this steel in compressionand § 
— the concrete in tension, thus causing the shrinkage cracks. The action resultin esi: ¢ 
. ‘ from the foregoing restraint would tend to put the steel reinforcement in tension = 
= and the concrete in compression—the normal action of reinforced concrete. 
practice, two slabs would have the projecting reinforcement bars 4 8 
_- However, in bridge work that is cast in place, the assumption that the re- poe i“ ( 
inforcement i is free at the construction joints is a false assumption, in the main, A y 
because pr practically all construction joints are specified to be made at sections of 
minimum shear. This is invariably the point of maximum moment where the Bs anh 
bars are certainly continuous through the joint because even the necessary laps = ; 8 
_ in bars are excluded at such points or sections in careful design. wi he aorta od r i 
In the author’s method of operation at Stage (2) when the tensile force is Fi : «4 
7 “removed, there is a great probability of high concentration of bond stressesat § 1 
+ ‘the onde of the beams or slabs, and although Mr. Rosov notes that Freyssinet 4 
> reported no difficulty in this connection, the 150-lb tensile strength for the a _ 
high- strength concrete indicates otherwise. 
_ Moreover, pre-stressing is applicable only to a material assumed to be a 
homogeneous and elastic. Although every designer specifies that concrete shall pe in 
_ be of a composition and grading such as to result in a “homogeneous mass’ Pde of 
thoroughly mixed, the writer feels that the results, ‘even with t the best of care, , I 
fall far short of homogeneity. 5 ‘Any y material of this character cannot be per- a 
fectly elastic even within the limits of working stresses. _ When the stresses of a g 
ume: 
composite material such as concrete. The failure may result from fracture of 
— _ the coarse aggregate, from fracture of the matrix that binds it, or by loss of ad- a oS 8 
a hesion or bond between the aggregate and the matrix. 2 This type of material — cae 
not an ideal one for the application of p pre- -stressing. material (concrete) 
is very different from mortar, on the action of which, under tests by Freyssinet, 4 24 
the author bases his assumption. — _ Mr. Rosov cites F reyssinet’s | s tests of treated - if t 
concrete, in which ‘a strength of 14.000 Ib per sq in. in compression was de 
_ veloped, but the tensile strength was as low as 150 lb per sq in. | concrete 
would not be very effective in bond and, when used with 45 000- Ib per sq in. ag 
working § stresses in steel reinforcement, would requ require an inordinate amount of a 
-embedment of the steel, or provision against the heavy bond stress Cavell B 4 
The author’s analysis is confusing at times; assuming the conerete section as a 0 
taking tension at one time, then assuming to! be in 
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“HIRSCHTHAL | PRE-STRESSED REINFORCED 
aking into consideration ‘the reinforcement, and then dropping: it it. If. the 7 
final assumptions in the paper are ‘made at the beginning, Equations (20) and a 
(21) could be derived directly instead of by means of the intervening steps. — : 
_ Mr. Rosov does not apply his test (D) for stresses at the bottom of the beam san on 
after having completed that of Condition (C). Pi Incidentally, at the beginning of he 
7 the derivation of the formulas the author assumes the entire concrete section to 
be in compression; and yet he indicates the neutral axis in the proximity of the — 
center, implying it to be the gravity axis and so computing his moments of _ 


1 =a On the subject of economy, the author seems to be too optimistic as tothe __ 


‘cost of special steels. Be: He would find that a a specification calling for steel rein-— 

* forcement suitable for a working stress of 45 000 lb per sq in. would result i wl 

standard intermediate grade reinforcement whieh i is usually 
In the author’s comparison of slabs, he selects one, citing the writer’s series 

7 df articles on pre-cast bridge slabs, published in 1926. 18 Some of these structures — 
were designed as early | as 1909, and the structure selected by Mr. Rosov is hf 

‘ ne hypothetical since the overhead highway bridges there described consist : 
of pre-cast T-beam units with clear spans varying from 30 ft 8} in. to 35 ft 6 in.; a 

t and corresponding depths of 2 ft 6 in. and 2ft 8in. These bridges were designed 

: in 1913, when a concrete having a 6-bag cement content (the 1 : 2 : 4 variety) + 
was computed as having a working stress. of 650 lb per sq in. Had the author | 

7 ‘made a comparison with an actual design in the articles referred to and selected : 

2 a railroad bridge at Lackawanna Place, Millburn, N. J., with pre-cast slabs 

‘ continuous over a center support and having a maximum length of 60 ft 33 in., 
_ with maximum spans of 28 ft 0 in., from the center support to the inner edge of — 
the abutment, such comparison would not have been so favorable to the “pre- _ 

stressed ’ (In effect, a pre-stressed design i is based on the assumption 


ment i in compression n much after the ‘assumption made by Charles 8. W 
 ’ Am. Soc. C. E., in 1936,?* without the requirement of pre-stressing.) The “4 
S slabs have a depth at the center of 2 ft 4 in., , and 2 ft 2 in. at the edges | (thus _ 
providing drainage). They are subjected to a maximum bending moment of 
— 104 400 ft-lb per ft of width for live load and impact as against the 21 700 ft- -lb- 

- selected by the author for his slab—a moment more than 4 times as great. 
 Inrecent years, many methods have been followed to reduce the slab depths. J 

Among them are the use of compressive reinforcement, continuity, end 

_ (practically the same effect as pre-stressing), the use of higher-strength concrete, a 

_ two-way, or multi-way, reinforcement combined with continuity, and end re-| - 
straint. A girderless flat-slab bridge, carrying railroad loadings for spans 

- about 30 ft, center to center of columns, required a slab thickness of only 2ft. 
ud Another comparison that would not have been so favorable to pre- stressing, 

- would be the use for the moment in the author’s slab, of a working stress of 

_ 45000 Ib per sq in. in the reinforcement in tension and the 0.4 f,’ allowable for 
- conerete with a 6-bag cement content—a concrete with a water-cement ratio ; 
6 gal per bag. Under these conditions, the ultimate is 3 500 lb, 
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‘FLORIS PRE- STRESSED REINFORCED “CONCRETE 
= 1400 lb per eq in in., and f, = 45000. Then: p- cehcalich 
(which gives es a somewhat higher dead load moment); lo: 


and, p=0. 00425. If 4 -Ib concrete were used, valu value > of f fe would | be 


=. 


La = 


or 16i in. total; p = 0.006. a value ofn = 1,d 13. in., giving» 

a a total depth of 16 in., which is the same as in the author's example. jC see Fe 
Aside from these considerationis, the practical difficulties encountered on 

_ structure in connection with pre-stressing would be almost insuperable, and 

‘probably only ina easting yard could such installation be considered. 
_ Although the writer has cited his objection to the use of pre-stressing in nthis ) 
‘particular case (bridge construction), he realizes 1 the value of such treatment for — ; 
structures such as reservoirs, , tanks, and poles. - - This paper will have accom- 

_ plished a valuable service if it leads to research activities, so that possibly 
_ shrinkage stresses may be counteracted in concrete—an undoubted incipient — 5 
cause of deterioration and final failure of reinforced concrete. 
Fronts,” Esq. (by letter).—The problems of pre-stressing steel in re- 
it inforced concrete structures are treated in this interesting paper. In the + 
- methods described therein the | pre-stressing is done by mechanical devices = | 

by heat. However, in certain cases, the same results can be achieved quite 
7 In reinforced concrete trusses, for instance, the steel of the compression — 
A members can be embedded in concrete during construction, but the steel of the — 
- tension members is left exposed. _ After the forms are removed and the struc 


- ture is under full load, the tension steel is covered with concrete. —a 
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EREMIN ON ‘PRE-STRESSED R FORCED CONCRETE 


cracks, otherwise unavoidable in the tension are almost eliminated 
fe and the appreciable secondary stresses are reduced considerably, because of the 
< flexibility of the exposed reinforcement in the tension members. In this es 
is manner the angular changes at the joints, caused by the weight of the structure, a? 
idle Eremin,** Assoc. M. Am. Soc. C. E. (by letter). —The | possibility — 
of pre-stressing concrete is important in the economic design of reinforced 
gonerete structures. However, the methods of ‘pre-stressing are still ll very little 
An interesting method of pre-stressing a reinforced concrete tunnel lining _ 
was used in 1930 in the outlet tunnels of the dam across Dordogne River, in 
 France.* At their lower ends these tunnels were bored through the ground 
formation with rock of inferior strength which was incapable of resisting the 
_ hydraulic pressure produced by a water head of 335 ft. Designed according to — 
common practice, without pre-stressing, the tunnels would have requiredacon- —S 
_ crete lining 3 ft 3 in. thitk, which would have made the cost prohibitive. M. on 
Mary developed a method of pre-stressing which reduced the lining to a thickness ; 
of only about 12in. The arrangement is shown in Fig. 10. The concrete lining, a 


Pipe for Po XO. 


Excavation 
dis 


with 1 an inside diameter of 14 ft 5 in. 18 teinforeed with | steel 19 in. 
centers, The ultimate strength of the cables was 242 tons. The 
- computed maximum stress, produced by the hydraulic static pressure, was 30 ; 
tons per cable, and the maximum stress developed by hammer action was about 
10 tons per cable. _ The cables were pre-stressed to 152 tons. which was con- = 


_ sidered sufficient to. resist internal hydraulic pressure in the tunnel and to reduce © 


“ 
a Untersuchungen tiber Knicksicherheit, die elastische Verformung und das Kriechen 
1987 Bogeabriicken,” von Dr.-Ing. "Fr. Dischinger, Der September a 


Steramento, ge Designing Engr., Div. of Highways,” State ‘Dept. ‘of Public 
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shrinkage in ‘concrete. small of was anti 


design assumptions were successfully verified by testing a a full-sized model con- | " 

crete cylinder 20 ft long. The cables were pre-stressed by..hydraulic jacks 

_ Placed at the horizontal diameter of the tunnel, in such a manner that the 

" original circular form of the cables was changed to an elliptical one. e. The forces — 

_ from the jacks were transmitted to the concrete lining through steel bar anchors. — 

q _ After pre- stressing, a cement mortar was poured around the cables and bearing 
plates. +The jacks were removed when the cement mortar had set sufficiently — 
to reach the prescribed strength, 


In developing the method of pre-stressing considerable attention was given — 


yt _ to reducing the bond stresses between the steel cables and the concrete. Bond 


shown by Equation (23). Special provisions for reducing the bond stresses in 


a. concrete lining were found necessary. Heavy asphalt coating of the cables 


- was not considered sufficient; and, furthermore, asphalt reduces the resisting — 


strength of concrete. Finally, it was decided to place the cables in steel pipes 
permitting them to slide freely. The design and construction of the outlet 
tunnels at Dordogne Dam provide a valuable demonstration of the possibilities — 

pre-stressing and to support the author’s co 


A. M. Am. Soc. C. —The of 
oo : reinforced concrete is a new idea which marks great progress in this branch of 
a engineering. It is only natural that a new idea should meet objection « on the 


grounds that it is purely academic, impractical, difficult bes embody i in practice, 


and not suitabletothe material 


‘The writer should acknowledge that his was almost purely 
theoretical, w vhen it was written early in 1934. Since that time, however, — 
practice has completely justified his suggestions. Several pre-stressed bridges i 
7 and roof trusses have been built and have developed exceptionally good proper- — 
ties. The writer has already mentioned the girder constructed in Germany Pe 
1936.18 which fully confirmed all expectations. _ This girder (which was actually 
tested) w was followed iby a a a girder 198 ft long dope of only = 


Saale Brides, at with a span of 223 ft, is an ex- 


— of a pre-stressed bowstring bridge. The success of this structure en- 
couraged the construction of many other pre-stressed arched structures— 
especially hangars with spans longer than 320 ft. _ Trusses are are represented by § 

| jaro of the Caquot type constructed in France, 3¢ in which pre-stressing is 
done in a manner similar to the method described by Mr. Floris. For the most 

- advanced design one should mention the Gerber (girder) Bridge, “Drei I Rose,” 
Basle, Switzerland. Pre-stressing permitted increasing the span of this 


__ bridge to 410 ft, which is extremely unusual for a simply supported concrete — s 


™ Beton und Eisen, 1982.00 
International Assoc. for ‘Bridge and ‘Structural Eng., 1936. 


in 7 stresses generally increase in proportion to the increased stresses in the cables ; 
_* 7 during pre-stressing, and are affected by the change in length of the cablesas _ 
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structure. It is seen pre-stressed bridges and roof trusses are already well 
= tablished, at least in Europe. They can no longer be considered “academic.” 
As to the practical difficulties of pre-stressed construction, stated by Mr. 
lirschthal as being ‘‘almost insuperable,” the writer has already outlined the 
methods involved. — Gonse of them are very simple, as is the lengthening of the — oe: 
by means of electrical heating. ~The method described by Mr. 
‘Floris is even simpler and requires only that the compression "members be 5 
poured first and the tension members later. In M. Freyssinet’s method, which __ 
embodies the e “treatment”? of the concrete, the pre-stress is obtained : as a by- 
—— of the latter procedure. This: tatthed was used under the difficult 
- conditions presented by a narrow foundation at the Marine Station, at Havre, | ; 
_ _ The work of fabricating and ‘sinking: the pre-stressed piles attained wa 
speed of 25 ft per working day. Plant equipment was almost automatic and 
as is stated by M. Freyssinet, ‘expenditure i in material and was much less 


cf opt Possibly the most complicated w was the case of the aforementioned girder - 
a in which the degree of pre-stressing varied along the span; the stirrups were 
ie also pre-stressed and the concrete was “‘treated.’”"* _ Even in this case the only — 
‘additional eq equipment required, beyond the ‘customary compressors, , jacks, 
; mixers, was a stretching beam and a 5-ft section of a special steel form. — To — 7 

— complete t the operation for one 5-ft section (which included pouring the concrete, : 


_ vibrating, hydraulic pressing, and heating) required only 2 hr. ‘The entire = as; 


girder, consisting of twelve sections, required 60 hr, 
_ This case, and the foregoing list of structures already built, indicate that a 
“insuperable” difficulties do not exist and that progress in methods of pre-. 
ly stressing is rapid. _ The new “sursulfaté” cement developed in France is very ye 
 promising.* This cement expands after hardening, the expansion reaching 
a 0.003 in. per in in., , and the reinforcement, _ if embedded, would resist it a 
an initial compression in the concrete. 
> ga. Hirschthal states that the writer was too optimistic regarding the ae. 
of special s steels. | The. extra cost is actually small if proper methods are used 
to produce such steels. bars § in., or less, i in diameter, M. Freyssinet used 
a mechanism, that he developed, which unrolled bunches of steel, welded the hes i 
ends, and stretched the steel in one operation. | _ At the cost of a “few centimes 
per kilogram,’ ” straight endless rods (which were tested at every point, including ; a 
welds) with yield points of 114 000 Ib per sq in. were obtained. _ The general aa 
3 cost for pre-stressed structures, as a a rule, i is considerably less. _ Mr. Eremin — 7 
- should be commended for his striking example of a tunnel lining that would be — 
writer cannot. agree with those who state that pre-stressing is not 
adaptable to concrete because that material is not homogeneous and elastic. 
general defect handicaps any concrete structure, those that are subjected 
to tension being affected much more severely than others. In the latter case pe ay — 
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1. ROSOV. ON PRE-STRESSED REINFORCED CONCRETE 

_ the bond between particles i is decreased (often entirely destroyed), | and will n not ~ 

be restored if the tension is removed. This makes concrete unsuitable for 


_ repeated stresses which involve a wide range of tensile stress. On the other ca 
4 hand, if concrete is emer soni particles approach one another, the bond 


ly restores the conerete to its initial condition, ‘ 


describes a case in ni whith a pre- e-stressed pipe tos an n internal 
pressure, ten times greater than normal, at last “failed,” resulting in Seepage 
and the e appearance of fissures. However, after the head had been reduced, 
the fissures closed at once, and a few weeks later, the concrete having sealed the 
fissures, the pipe was as good as before."© 
Pre-stressing eliminates tension entirely. Professor Dischinger 
that a “reinforced concrete body subjected to compression only, has, like ‘ 
natural stone, almost unlimited life.’ Mr. Hirschthal’s reference to the 
lack of ; homogeneity and elasticity in the concrete should be of concern to 
designers of customary structures much more than to designers of pre-stressed y 


The writer’s method of analysis inspired Mr. Peterson’s very interesting P 
- contribution containing a more detailed calculation of the loss in pre-stressing, 


However, when Mr. Peterson refers to the writer’ s example, and subtracts from 


the designing pre-stress the loss due to the ; plastic flow, he did not notice that — 
_ this had already been done. In the text of the paper preceding the heading, — . 


_ “Theory of Pre-Stressed Rectungular Beams,” the writer considered possible a 


losses, including the plastic flow, estimated them as 35 000 Ib per sq in., 
= that this loss should be subtracted from the “preliminary pre-stress” 
give the “designing pre-stress.’’ The preliminary pre-stress in the writer's 
example is 36 500+ 35 000 = 71 500 lb per sq in., not 60 000 Ib per sq in., 98 
Mr. Peterson assumes. The example then intact. It is gratifying 
_ that Mr. Peterson’s calculation for the loss gives 60 000 — 26 300 = 33 700 lb 
_~iper sq in., which is almost identical with the writer’s estimate of 35 000 1! Ib per 


sq m7 Plastic flow, however, has not been studied sufficiently, particularly for ’ . 


“treated” concrete. Such a study would be valuable in connection with pre 
stressing. — or r this kind of concrete Mr. K. Lenk accepts the entire loss as only 


For diagonal te ensi (31) should be rewritten as 
“Tensile stresses exist t although they are much smaller than for conventional — 


design. In order to cancel them entirely the stirrups are also pre-stressed. a 
In this manner, compression is introduced along two perpendicular axes and the 


Replying to Mr. Hirschthal, the pre-stressed section | is compressed at any 
point. This is the basic principle of the design. Bending moments acting 


_ over the section produce compression on one side of the section and tension 0D ~ 


the other side. However, the tensile stresses are absorbed by counteracting — 
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PRE- -STRESSED REINFORCED CONCRETE 


and do develop c cracks. The ar area of the section 
constant, unlike the conventional case in which, after cracking, the section is 
7 decreased and the stresses are redistributed. The stability of the section 
' permits the use of the law of superimposition and the separate consideration of © 
- the direct pressure and the bending 1 moments produced either by loads, or 2 
. pre-stressing. This fact was ‘ignored by Mr. Hirschthal. 3 However, it is 
common practice to consider combined direct stresses and bending in the case 
aa when the entire section is under compression. If the writer assumed the con- 
- erete section as s taking tension at one time, and then assuming the entire section 
ie to be in compression, it was because he considers superimposed bending mo- 
_ ments separately in the former case and all stresses together in the latter case. 
a The writer also “assumes the entire concrete section to be in compression; and ee 
Pe yet he indicates the neutral axis in the proximity of the center, implying it to , 
be the gravity axis and so computing his moments of inertia.” ” This was be- * 
cause the neutral axis is considered for the bending moments only and, if the 
: section is not cracked, it is the gravity axis and, of course, the moment of 
inertia should be computed about this axis, = = 
| Jf Hirschthal considers “confusing” t the fact that the writer takes the : 
reinforcement into consideration and then | drops it. . The writer “drops” 
reinforcement in two cases: When he considers the action of outside load, he be 
F takes the full section, including the reinforcement; but when he considers the ae 4 
action of the pre-stressing, he subtracts the area of the reinforcement, because 
te pre-stress is the force produced by the steel and is acting on the concrete 7 
¢ ‘in the form of bond between the two. The second case is that in which = o 
_ writer passes from the general design with both top and bottom reinforcement : 
to a design with bottom reinforcement only. He “drops” the top reinfores- 
oS making p = 0. In either case, it could not be done otherwise. meq Sa 
Mr. Hirschthal wants Equations (20) and (21) derived directly. The 
writer selected the most logical method. considered the general case a 
- then passed to particular cases, equating some quantities to zero. This is the 
boas method of solving problems. Equations (20) and (21) represent only - 
* special | case when p = 0 and the reinforcement is small. Certainly, a. a 
special case can be derived directly but there seems to be no need of vor 
‘plicating the problem with each separate solution. ge ao at ai 
Ge Mr. Hirschthal’s last remark is that the writer does not apply Test (D) 
to his examples. The writer applied this test (see text following Fig. 5 and Sy 
+5 Table 1) and found that Test (D) does not control, because higher pre-stress 
a required by Test (C). _ Therefore, only the latter v was considered. _ 
__ Mr. Whitney prefers to compare the pre-stressed design with his method. > 
: writer made his comparison with a commonly t used method because it was 


the only way to reveal clearly the advantages of pre-stressing. — y Recently, 
mend new methods of designing reinforced concrete have been offered by — 
Professor Emperger,* Professor Steuerman, Dr. Gebauer ad Professor 


Saliger,* Mr. Whitney, and others. New methods differ widely from con- 
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entional design and are objected to by concrete 
— the proper place for discussing them. Personally, the writer is inclined to di 


_ accept Mr. Whitney’s method as — and well adjusted to tests. 7 However, 


“based on the assumption that = = 0.59, which i is taken from the tests f Mess, : 


Slater and Lyse,* Mr. Glanoille,* U. Ss. Geological Survey, Messrs 
_ Humphrey and Losse.® In all these tests the steel had a yield point of 38 000 
te 58 000 Ib per sq in. Only 1 the tests conducted by Messrs. Slater and Lyse 


-_ the steel was not stressed beyond 40 000 lb per sq in. “No cunidail assumption ie 
- may be extended beyond the limits of tests. Mr. Whitney’ s formulas cannot | 
& be applied to stresses in steel as high as 90 000 lb persqin. The writer believes — + 


sce such stresses in the steel would induce cracks much wider and longer 


an those i in conventional structures; therefore, the ratio, = , will be smaller, the 


“compression block” will decrease, and the breaking point for a conventional a 
design will be much lower than that calculated by Mr. Whitney’s method. 4 

On the other hand, if the reinforcement is -pre-stressed, the outside m moment 

- should overcome: (1) The resisting moment due to pre-stressing; and (2) com: 

_ pression at the bottom due to the direct pressure from pre-stressing, before 
cracks would appear—a stage that occurs at the beginning in conventional — | 
design. This will delay the breaking of the concrete considerably. Since the — 
stress in the steel increases only 90 000 — 45 000 = 45 000 lb per sq in. from | 

_ the first tension in the concrete to the breaking point, the cracking will not be 

_ greater than for a design with ordinary steel, and the compression block will _ 

>3 be about the same. It would be very interesting to see Mr. Whitney’s method — 
developed to include a design involving steel with high yield point and based 

upon pre-stressing. However, until this is done, it will be impossible to use i 
method in appraising pre-stressed structures. 

“lt Some discussers would replace pre-stressing by the customary methods of 

- reducing slab depths, such as by continuity, end restraint, the use of stronger ; 

7 concrete, ete.; but pre-stressing is entirely compatible with these methods; 
it is based on an entirely different principle and can be combined with each of — 

— these’ methods to g great advantage i indesign. As Mr. Lemcke suggests, the writer of 

purposely used low concrete stresses and simple structures as 80 as 


opiaion expressed by Mr. Hirse 

_ simple structures. The volume of concrete was reduced 20%, the dence. . 

the depth at the center was 40%, and the reinforcement was straight a 


and Constructional Engineering, 1937 (Discussions). = 
Journal, Am. Concrete Inst., June, 1930. 
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simple. Another example included a pre- -stressed I-girder an an alternate to ea 3 : 
-beam design for the Delaware, Lackawanna and Western Railroad. y 


construction proved to be much more . economical and expedient, saving s% 


in neoncrete and 42% in steel 
The writer takes the opportunity, presented by Mr. Hirschthal’s 
of a non-pre-stressed slab with high-strength concrete and high yield-point 
steel, to demonstrate once more the effect of the pre-stressing. aera Dae 
In general, , the use 0 of steel stresses a as high as 45 000 lb per sq in. would 
qreate important defects in the conventional slab. The « concrete cracks 
: cannot follow the uniform elongation of the reinforcement. | Any i increase in 7 — 
the elongation of the steel i involves much greater increase in ‘cracking. 
resent, working stresses in the reinforcement are aot exceeding 27 000 Ib per ‘a 
in. Raising them 70% would produce a badly cracked structure. The 
. deflection also depends on the elongation of the bottom fibers. ti is is doubtful a 
whether the construction of such a shaky and cracked slab would be allowed. 


Moreover, the saving i is not large enough in proportion to the quality of , 
concrete, because the ratio, n= —* ‘Mr. Hirsch 


“thal assumed n= 12, but this value does. 
strength concretes. Usually n is taken a ‘in which the 
strength of concrete. In England, nis assumed as in which fea! is 


‘cube strength” of concrete. Since Jes’ is 13 to 14 times f.’, the 


q 


method ones almost the same value of n a is accepted i in the aa States. Lt 


Henee, in Mr. Hirschthal’ s first should be taken 


oad, he de shouldbe a follows: 86 x1 100 
ci 0.211 0.930 [50600 
= 021; ij = 0.930; K- Tite 

D= +25 = = 21, 5 in. compared to 27.5 in. in the design with 
BP conerete and steel. The ‘saving . not so great as to warrant sacrificing the 

consider the pre-stressed slab. The depth of the slab is assumed as 

= 0.0155; n = 8.6; and = = 


and 


= =| + 7.6 X 0.0155 = 1.116; from Equation (18), k = — 
x 0.0155 x 0. 761) = 0.527; ; and, from Equation (17), C = 0. 083 * 0.0272 
P= 0. 090. The dead load is 0.875 x 150 + 65 = 196 © 
22,900 x = 16 950 ft ft- Ib; Mi = 21 700 ft-lb; and the 


a and Constructional Engineering, ‘September, 1933 
York City Building Code. 
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‘ine 090 X 12 X 10.5 
.ci negag 38 650 X 8.6 X 0.234 620 Ib 
% Stresses due to pre-stressing, from Equations (20) and (21), are: fy, = 2 a 


X 0.0155 X (3 X 0.761 — 2) X fps = 0.00877 fps; and, fps = — 2 X 0.0155 


lau Conditions to determine the pre e-stress required, are: wal mre 4 


+ 0.00877 Soe + 1 702 = 1 400; henee, fos = 34 400 Ib 


(D) = — 0.0398 - -1535= 0; hence, foe = - 38 400 Ib per sq 


len 


Conditions (D) and (E) are controlling; therefore: 38 400 = 


38 400 and the final stresses are as follows: Fy = 1 702 — 336 = 1 366 
Ib per ‘in. =+ 1400; F, = —1535+ 1535 = 0; and, F, 38-400 
— 6620 = —45000lb persqin. lo" dip = 
- Sadpeial to Mr. Hirschthal’s design the pre-stressed slab: (a) Saves about — 
51% of concrete; (b) eliminates tension and cracking completely; and (¢) | 
_ decreases the deflection to a small ; amount because the steel stresses vary only 
within the ‘narrow lit limit of 6620 lb persqin. 
It is clear that pre-stressing is justified | by results achieved by practice; 
it is not costly; and it results in exceptionally economical structures. Ca 
Lenk who observed the ‘German tests with the pre-stressed girder adds to this, 
4 the statement that, “the | complete lack of cracks and a a surface | as hard as 5 glass 2 
makes the pre-stressed concrete resistant to air, gases, and humidity. — Its 
water-tightness is unrivaled. The expense of maintaining pre- stressed concrete 


structures is considerably less than other % 
Beton und Bisen, May 20, 1937. cited is translation by ‘the writer.) 
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aa. LEVEES N THE LOWER MISSISSIPPI VALLEY | 


ae LEVEES IN THE LOWER MISSISSIPPI v ALLEY 


SPENCER J. Assoc. M. Am. 


3 A hdicaie may be defined as an earth embankment constructed along the mar 
gin of a stream to restrain : its A flow within a desired course during floc flood stages, 

‘The system of levees, as it exists to-day i in the Lower Mississippi Valley, i is of one 


ave Man’s greatest oil involving approximately 761 000 000 cu yd of material i 


4 throughout its length + . 615 miles. Es gs he type used is similar in many respects, 


to earth dams. ‘In fact, it is natural that there should be a ose 


pial AZ 


funetion during relatively short intervals, after long lapses of 


D 


a The first Levee: on record, to be constructed i in the Lower | Mississippi Valley, ; 
was built in the vicinity of New Orleans, La., , by De la Tour under the orders of 
‘the founder of the city, Sieur de Bienville T he date of this work was between 


1717 and 1727. va It was a modest start as compared to the present, system , buti it 


ed so successful that, ‘in 1743, the French Colonial Government ordered 


- With the development of the Valley grew : a . haphazard system ¢ 


levee which provided uncertain protection from the floods of the river. 


— in ‘the creation of the Mississippi River Commission by an 1 Act of 


thes administration of a ‘work of the National Government in controlling and 


growth of the’ the administration of this Commission h 


% 


been tremendous and its efforts have been marked with success as indicated nA 
~~ the satisfactory confinement of the 1929 and 1937 floods. _ The extent of the 


: _ system at present is shown by Fig. 1. Accompanying this growth there has 


basins; greater flood stages have resulted, requiring higher levees. The average : 


height at this time is approximately 22 ft. However, this height i is as 9 great as 
60 ft at isolated points where the line crosses lakes or bayous. As the growth i in 


ize progressed, the experience of those directing the work broadened. 


weaknesses in design became apparent under actual flood conditions and 


revision was made to insure stability. 
U. 8. Experiment Staten, Mississippi River Comm. Vicksburg: 
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complying w 
changes have been many. ex- 
ample, the change construction 
makes it possible to complete be 
the new and larger levees in a frac- 
tion of the time formerly required 
with mules and wagons or with men fi 
ad wheel-barrows. Consequently, the 
foundations are loaded more rapidly and = 
with heavier | loads, and the chances } lof eo 
their failure are increased. When the 
circumstances are such that ata 
foundations are evident, and material 
available with which | sufficient ex- 
perience has been accumulated, 
based: on experience have been ade- 
quate. _ However, when the limits 
the location are restricted, and it is. hie 
necessary to construct a unit across an 
old | lake bed or on some ‘poor founda- 
tion, then the use of the new tool, Soil 
Mechanica, serves a need of long stand- 
ing. use of this branch of civil 
engineering permits design to be fou nded- 
FEATURES or Design 
ultimate ‘design of a levee 
quires consideration of the following es- 
sential features: Side slopes, foundation, Va 
control of seepage. The first two 
of these features are of the utmost im- 
portance because, more than anything 

else, the structures must be stable for 
any conditions. The control of of seepage 
is important and justifies discussion be- 

use of its effect on the stability of the he. 
= However, the of 
water lost is of little importance as = 
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Bide Slopes. —The side slopes adopted for the standard sections of the an 


the past few year: vee construction have cl 
the value of property protected has been enhanced, and the demand for designs 
has increased. The results of these | 
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EVEES IN THE LOWER MISSISSIPPI VALLEY Bie, 
over the period from 1882 tc to date, are shown by Fig. 2. The elevation of the | 
= _ maximum probable flood is that contemplated by the Flood Control Project 


authorized by Act of May, 1928. It may be noted that, : as the size of the i 
i structures has increased, there has been a gradual reduction of the inclination of _ 
land-side slope. The river-side slope has remained practically unchanged 
from the beginning. ‘The broken land-side slope, as indicated for the banquette 
® iegtses used between 1896 and 1914, was found to be undesirable in certain — 


High Water 1922; 49.5 
"High Water 1927; 50.7 Ft ki 
Maximum Probable Flood 56.5 Fi 4 


1914 Section 2158 Sa 


-_ respects for the high levees on the Lower River. The steep land-side slope above 


the banquets proved | ts in some instances wl 


the levee section was stared to give a straight land- 
The slopes in use at present vary somewhat with the material available in + 


Predominating Crown width, River-side containing assumed 


t flow line of 
Sand (75%) ty 12 Lon5.0 lon 80 


Topmost flow line assumed to spring from river-side slope, 1 ft below crown of structure. 

stability of these standard | been investigated, by the 
‘idle described subsequently, and for normal conditions was found to vary 
between 1.5 to 3. 5. This factor of safety is considerably greater than the 

average for earth structures of the levee type. . The B section (Table 1) pre pre- a 

dominates throughout the Mississippi Valley. It has been found that the use 

of clay, of the richness requiring the A section, is generally undesirable. Con- 

- sequently, the A section is rarely used. _ The foregoing sections have been de- 
veloped over a long period of time and are based upon experience gained with 
the soil existing in the Valley . They should not be considered applicable to P 
other localities where the material available 1 may be entirely, different although 

bearing the same local classification, 

For situations in which new levees necessitate the use of material with which | ? 

_ there has been little experience, the application « of soil mechanics makes it 
_ possible to develop a levee design, based on the strength of the material, “ ie 
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LEVEES IN THE MISSISSIPPI PPL VALLEY 
wy nial desired. The method of design depends on the nature 
the material, on whether it is cohesionless, as a sand, or cohesive, as a silt and 
| a. For the slopes of structures formed of sands or like materials, the in- 
dination must not be greater than the angle of internal friction. Their — : 
by sloughing along the surface of the slope when this criterion is exceeded _ 


and clays. The stability of. slopes: formed of cohesive materials’ depends ur upon - 

_ shearing strength of the material along a deep-seated cylindrical surface. 

This cylindrical surface generally extends from a point just back of the crown of ; 
the slope, down through the section, , and through the toe of the structure. The 

segment of the slope lying above this arc, in failing, appears to slide downward 7 
ating about the center of the arc. The method of locating the approximate 

position of this center of rotation for various slopes as established by W. 

 Fellenius? and amplified by Charles Terzaghi, 3M. Am. Soc. C. E., has been 
found to be satisfactory. Evidence of this type of failure in shear due to the 

= of the material has been observed in innumerable cases, par- 
ticularly in levees constructed of material too wet for use. 2 
‘The steps taken in the design of a slope, neglecting the effect of seepage on ma 

a its stability, are relatively simple and much in accord with the prevailing prac- 

_ tice. They are as follows: (1) The approximate position of the center of rota- __ 

- tion for the are of failure i is determined; (2) the part of the » slope of unit thick- 

‘ ness, above this | ‘surface, determined by the arc of failure, is subdivided into” 
vertical segments (the number—usually ten or twelve—depends upon the size 
of the structure); and (3) the gravitational force acting on each segment is 

determined and resdlved into its normal and tangential components acting» 


oa along the arc at the vertical projection of the center of gravity of the segment on 


omy displacement. The force resisting this tendency i is the summation of e 
- the frictional and cohesive forces acting along the arc. — The total frictional — 


fi 
by t the tang tangent of the a angle ‘of internal 
a upon a specimen ot the material, ‘prepared in in a condition to simulate the 1 most 


adverse situation expected. — Cohesive strength is considered to be entirely 
ten of the pressure, , depending solely upon the material and its con- 


dition. Thus, the stability of a slope or its against sliding, 


be determined by the expression: 
foregoing is repeated until the center of rotation and radius of 
give a minimum value of the factor of safety for the a 


Jordstatiska med friktion och kohesion fér cirkular glidytor”, Fellenius, 7 
Kungl. Vag- och Vallenbyggnadskarens 75-arsskrift, pp. 79-127, Stockholm, 1 


Mechanics of Shear Failures on Clay Slopes and the Creep of Walls”, Charles 
‘Teraghi, Public Roads, Vol. 10, No. 10, December, 1929, pp. 177-192. 
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LEVEES IN THE LOWER MISSISSIPPI VALLEY 


slope in question. ‘The corresponding arc is then accepted as the critical surface — 1 

Se i upon which failure is most likely to occur. : Several slopes are analyzed by this 4 ; 
and the one having the desired factor is selected. 
A factor of unity for the stability of the side slopes indicates a helena of the | 
9 forces. However, a slight deviation of less than unity can not be taken as % 

PS 7 direct indication that failure is imminent. ” alues of less than 0.75 may bs | 
taken as indicative of an unsatisfactory situation and values greater than 1. 
can be taken as assurance of stability. la _ Although: this method of analysis may 4 a 
have its limitations, it does provide an excellent yardstick whereby analysis 

sf may be made of a situation about which engineers have had previously only = % 
ss -thumb methods to serve as guides. 
Another element enters into the of the land-side slope 

1g 

7 observed of the river-side slopes of levees under just such conditions, ~~ cf 

force created by the seepage water, either into or out : 


. «Mig. 3, , the loss of head, hy, 0 occurring through | the part. above the are are of failure, 


_ the material. The net effect of this loss of f head i is considered as a force acting 2 
a in the g general direction of the tangential component tending to produce failure — 
and should rightfully be considered in such an analysis. (In Fig. 3, F; is the : 
force tending to cause displacement i in the direction of flow, equal to hy times 
unit weight of water times area surface, fb, of unit thickness. 
_ Although further research must be completed before definite conden - 4 
may be safely drawn, a tentative method of analysis considering the effect of s 
“seepage water upon the stability of side slopes was advanced in a memorandum 
4 the U. S. Waterways Experiment Station‘ this year. — This analysis i is s similar Ff 
to that reported =< E. - Meyer-Peter® and concurred i in by D. W. Taylor, J ~ a 
Foundations. has been ‘stated that the prime requisite e of a 


x 

4A Report of Experiments and Investigations to the Efficacy of Gub-Lovess and Berms in 

of Seepage, Technical Memorandum No. 101-@, July 1,19387, 

4 


zur Berechnung der Standsicherheit von von E. Mayer-Peter, H. 


- RD Mallee weizerische Bauzeitung, Vol. 108, No. 4, July 25, 1936, pp. 35-37. 
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LEVEES IN THE LOWER MISSISSIPPI VALLEY 
- determined, the next essential feature to be considered is the foundation. It is ag 
not unusual that a setback unit of a levee, required by some channel change or — a 
+ improvement such as a cut-off, is constructed in one season or during a few 
ae _ months just prior to the annual flood period. It is then that a reliable method _ 
of design to assure stability is fully od} 
ill the past, one method* of dealing with a weak foundation where the lateral 
flow of an unconsolidated stratum of plastic material could be expected, was to — 
- build up the section and await the anticipated failure. After failure occurred, b 
the placement of dirt was 1 renewed, and the process continued until all the soft — a 
was either squeezed out or until the levee had become stable for other 
"reasons. _ This procedure required time and plenty of resources. An empirical 
oe ‘method v was developed about 1933 for the design of berms, which proved to be a he 
very good remedy for this problem. This w ork ¥ was done by T. A: Middle- _ a 
ies brooks, Assoc. M. Am. Soe. C. E., and was based entirely upon experience with st 
‘such problems. His method of analysis had its limitations and has been ‘sup- 
a planted by one described in the following paragraph. 
th this case, again, the methods developed in the field of soil mechanics can is 
os be brought into play and the structures designed so that the stresses created by 


‘structure will not exceed the strength of the foundations. The method of 


analysis contributed by Leo J areimepn makes it possible to compute the stresses 7 
created by this type of structure. _ Either the quick | direct shear test, or the 


quer test, , on specimens from undisturbed samples, can be used to obtain the Ee, —. J 


Bs. simple matter to determine the stability of a foundation or the necessary adjust- 


of the design to give the factor of safety desired. 
3 An application of this method of analysis to three full-scale levee structures. Se ay 
: _ is interesting and worthy of mention. This investigation was made in May, is 
ie 1935, for the purpose of corroborating methods used in the design 1 of the founda- - 
tions of numerous earth dams in the Muskingum Valley, in Ohio. Of the three . Se 
units, founded on similar material, one had been found stable and the other two 
had experienced complete failure, due to the over-stressing of their foundations. — i 
The first of these units was constructed after 1930 and the latter two prior to _ . 
‘that date. _ The results of this are illustrated in Table 


“unit appears to fail in proving the desired point, pl the ‘cals one of = 
group whose original cross-section departed appreciably from the: triangular 
‘shape. The analysis applies to triangular cross-sections. A comparison ofthe 
: computed values of shear with those measured in models by photo-elasticity 
s shows a variation of 1%, 2%, and 30% for the units in the order shown (Table i. 
_ 2). Thus, it is indicated that this method of analysis has its limitations when — i 
; pplied to a section deviating from the true triangular shape. Further use of _ 
S this method of analysis on other projects has been made since 1935 and todate 
(1937) no difficulties have arisen. The structures have been satisfactory 


every respect when the basic assumptions have been met. a an 
om *“The Improvement of the Lower Mississippi River for Flood Control and Navi 

gation”, by D. O. 
ss. Bulletin, U. 8. Waterways Experiment Btation, May 1, 1932, Vol. 2, p. 177. 7 


Application of Theories of Elastivity and Plasticity to Problems,” by Dr. ‘Leo 
Soe. of Civ. Engrs, Vol. No. 3, July, 1934, pp. 206-241. x 


ultimate strength of the material in sifu. With these data it is a _—_ x a 
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= Settlement is an important factor in levee construction, as it is in n building — 

- construction. However, the effect is quite different, for little damage, if any, ig + 
experienced by a levee through its settlement. The principal benefit from the 
7 predetermination of this factor is in the economy effected. A reliable estimate a 
_ permits the gross grade to be adjusted at the time of initial construction to allow ai ton 
. 2 for the settlement. Thus, no subsequent enlargements are necessary to main- “J + 
tain the desired net section or grade. It has not been unusual for these struc- 
S tures when placed across old lake beds or bad swampy areas to experience 3 to 5 . i 
ft of settlement. Of course, allowance is made at the time of construction for — = 
the normal shrinkage of the fill. However, when in addition-to this shrinkage 
settlement occurs, the section must be restored. The cost per unit of fill for the = i 
. enlargements is naturally greater than the initial unit cost . In addition, | 2 ty 
emergency Protection n may be required during | a major f flood. This emergency 


TABLE | 2.- —Sa rety Factors ror Taree Levees 


Ls 


jo hed pressure | Maximum | Measured 


Name of unit | Depth of | structure, | in tons in tons 


in tons per square | per square 
| Height Base persquare| foot | foot 


Duckport Levee..... 32.5 | 15 0.183 iy 165 
Milliken Bend Levee.. 270 13 (0.313 «| 


‘4 changing the factor of to 1.16. 


om The detection of | portions ns of a new unit in which excessive settlement m may y be a 
= exposed? is not a difficult matter. The site of a proposed unit as well as the 33 
borrow-pit areas are explored in a routine manner by borings, prior to the bs 


completion of the initial design. Adequate samples are taken during this ex 
_ ploration and subjected to tests as described later in this paper to check the 7g 
Bem condition of the foundation, and to detect both the extent and depth 
strata of cohesive material containing an apparent excess of water. _ Analysis of 
the evident weak spots by the Terzaghi theory of consolidation, combined with 
: data from the consolidation tests of a few well-selected undisturbed samples, is 
"sufficient to form the basis of an n adjusted gross “grade. The method for de- 
termining the settlement of a levee is illustrated subsequently i in the solution of a 

Control of Seepage. ge—Seepage through the levees in the Lower Mississippi 
a Valley, and its control, have formed the bases for the design of the standard © > 
sections previously described. It has been assumed, on the basis of past ex- 43 
SS that the topmost flow line of seepage through a section traveled on eae 
slopes of 1 on 6 to 1 on 8, depending on the material. The position of the point 
_ of entrance on the river side is fixed by the free-board desired, ‘usually 1 ft of 
free-board allowed for the super-flood anticip ated. was g 


~ 
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‘LEVEES IN THE R MISSISSIPPI vA 138 
lly the 
“fe period. . In so far as the records to the present time show, the duration of © 
this period has not exceeded 120 days, w while, of course, the flood waters would 
5 remain at the assumed free-board height for a small fraction, say, 15% of 
ig _ The shape of the section has been made to contain the topmost flow lines just 
mentioned. _ During an inspection of some of the levee units in the vicinity of © 
Memphis, Tenn., the Pose observed no evidence of serious seepage coming a 
through the levee section. Although difficulties were experienced with the 
seepage through the foundations at some locations, this can not be attributed to a 
_ any weakness in the design of the section. Pervious strata frequently exist in x 
; — the foundations of levees and are the source of some trouble of local meres 
Control of this excessive seepage is achieved by t the use of sub-levees, or by 
placing a ring of sand bags so as to isolate the small local spots. Either of by a 
means of control develops a negative hydrostatic head neutralizing or reducing | 
to a harmless quantity the water leaking through the foundation. — Thought i is 
vi now being devoted to methods of sealing such pervious foundation strata so that 
_ Problems involving structures founded on ‘pervious material are are analyzed 
- with the aid of models constructed in a glass-sided flume. The conditions under 
which these experiments have been conducted were ‘arranged to simulate various 
o "positions of ground- -water. at The data from these tests are used to estimate both 
: the position « of the topmost flow line in, and | the ‘ns. ¢ of flow through, 1 the 


o a as one developed by Glennon Gilboy,® Assoc. M. Am. Soe. C. E. This - 
& problem is usually complicated by the fact that no selection of material is 
_ exercised i in the construction of a levee. Hence, the usual assumption that the 
structure is a homogeneous mass is not justified. The state to which the 
+, material in the structure may be compacted i is a variable that will affect the i 
at flow through the section. a This variable can be judged only by experience gained ,- : 
through observation of structures recently completed; a limited number of 
_ observations and tests have been made. The details of this type of analysis are - 
‘treated i din the solution of a typical levee problem outlined subsequently in © 
_ The rate of development of seepage through a section of levee is a matter of — 
% tera 7 The maximum period of flood as estimated previously i is 120« days, 
ce and it is only for a short part of this time that the maximum flood prevails. 
v The rate of seepage development has been a matter of conjecture. Some inter-— 


. esting data have been obtained through observations of the development of the | 


= through a an earth dam at the United States Waterways Experiment Station, ‘ 
at Vicksburg, Miss. These data throw some light on the subject. The dam is 
85 ft high, with side slopes of 1 on 3.7 for both up-stream and down-stream faces. — 
: iti 18 constructed of loess, a remarkably homogeneous material typical of the 
= - Vieksburg area, and is founded upon the same material. The loess, while 

= in some to the alluvial soils in the Valley, has, 
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permeability characteristics similar to a great proportion of the usedi in 
the levees, that is, , the silts r requiring the standard B section. The material was 
_ placed by trucks in layers 6 in. thick, and compacted only by the repeated: — 
passage of t these vehicles. No exact ¢ control was exercised over the: compacting i 
operation. The elevation of the impounded water in the reservoir has been’ 
maintained at 164.5 ft (mean Gulf level) since May, 1935. The dam-was 
structed in February and March , 1935, with the spillway crest at Elevation: 
165.0 (mean Gulf level). 1 A duplicate set of observation wells were placed in fa 
the structure at the time of its construction. The locations are shown ana 


Gross, 


if) ates in Feet from Center Line hay oveh ue isd won 

Fie. 4.—LocaTIon OF OssERVATION W. YELLS, Station 0 + 66 A 


hea 4. Tests showed that the edived é compaction was obtained by by the constant — 


passage of the trucks over the spread material. _ The results of the rte 


TT: 
are shown by Fig. 5, which indicates that ten months were required for the full 
development of the seepage through this structure. 


= The results of these observations show that ; Seepage development is exceed- — 


ingly slow, and tend to indicate that for sections formed of relatively imperviois’ 
_ materials, silts, or finer, the flow does not develop during the flood period. 


Well No. 0 


& 


May June: hug. Sept. Nov. Dec. Jan. Feb. Mar. Apr. May June Aug. Sept. Oct. Nov. Dec. Jan. Mar 
Fic. or Szeracr Turovucn Sxcrion 0 + 66_ 
= Consequently, sections designed to comply only w with the — requirements of 
BS ” stability are satisfactory. In the past, numerous instances were reported i in is 
ce _ which the seepage through the standard banquette section did develop, out 
cropping at the upper edge of the banquette, and causing damage. _ The path of of 
_ flow through the present section is two or three times as long and, consequently, — ‘ 
requires agreatertimetodevelop, 
{i For the situation of pervious structures, formed of sand, the seepage ig 
develop during the flood period. a@ unique method for controlling 
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IN THE LOWER MISSISSIPPI VALLEY 
the: seepage through this type of levee has been applied i in some instances. 
- eantrl is provided by means of impervious clay blankets, 3 ft thick, placed on 


A 
the slope and extended through surface strata into an 


of this control is provided by. made by ‘the U. S. 
R District Office, in Vicksburg, of the pervious levee closing the gap formed by 
the famous Mounds Landing Crevasse that occurred during the 1927 flood. 
These observations | were made before and after the placement ‘of the clay 
blanket, that is, in 1933 and 1937; the crests of the floods of these years were | 
within 0.5 ft of the same elevation at this unit. The seepage, as collected and 
measured by a system of weirs at the land-side toe for a a part of the levee, 920 ft 
- ong, was 0.3 cu ft per sec in 1933 and 0.06 cu ft per sec in 1937. The atmos- 
-pherie conditions during the 1933 flood were not the same as those that existed — 
in 1937; that is, the precipitation in 1937 was the greater. Consequently, part 
x the measured seepage of 0.06 cu ft per sec may be attributed to drainage of 
‘The design of. levees, as accomplished through the application of soil 
‘mechanics, is basically the same as that used for earth dams about which much 
- been written recently. However, the attack of this problem becomes unique 
through consideration of several essential features: Location of levee, source of 
materials, placement. of materials, and control of seepage. b 
Pie Unfavorable locations along a line, as far as foundation conditions a are con- ag 
cerned, cannot be avoided as readily as by shifting a dam up stream or down 
stream a a short distance. Deviation from the shortest practicable route, to 
avoid crossing filled sloughs or lakes, increases the cost of the structures tre- _ 
_ mendously. _ Furthermore, the loca local interests, who are naturally desirous “a 
_ obtaining protection for a maximum amount of their land, contribute toward the 
of the Pig their desires must be given consideration 
is possible. Formerly, to simplify the enormous 


; bro ag vid been standardized with ample allowance for local “gore” 
_ spots in the foundations, both as ‘Tegards unstable conditions and excessively ne 
xe ‘Pervious materials. Now, it is possible, through the application of soil n me- 
chanics, to alter the design to fit the conditions encountered. 
_ The material adjacent to the river-side toe of the levee must be used for its 


- construction, whether it is sand or clay. sat The principal reason for its use is the a 


4 


effected. The use of the material directly opposite the section mini- 
_ mizes the distance it m must be transported, eliminating over-haul. The borrow- 


. being on ther river ver side, are thus located in areas where land values are low > 
4 i 
already been adjusted. In general, any attempt toward the 
of material would be fruitless due to the supply, of what is generally elie 


: suitable according to current practice in earth dam design, not being equal bs 7 
the demand. In some Tegions, especially the of the r river, that 
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IN ‘THE LOWER MISSISSIPPI VALLEY 


1 


tn ecessary to design the structures on the basis of the weakest of available 


‘tas It is important that no borrow-pits ¢ or excavations be made adjacent to the 
levees on the land-side to expose pervious s strata extending through to the river _ 
side. Exposure of such strata invites trouble from increased under-seepage, 
certainly ; and from destruction of the levee structure due to piping, possibly, 

4 Although, in some instances, borrow-pits have been made on the land side, they 
are the source of nover-enditig 
Control over the placement of the material in levees, in so far as its condition — 
and state of compaction are concerned, has not been exercised as is the practice 

P. -— the construction of earth dams. Most of the present system had been — 
a pleted, or was under aor at a time when little was known regarding the * 
g 1930. This. date apparently marks the 
a costs, i it has been necessary to minimize the restrictions on methods of coostan> : 
tion. the compaction of the material had been undertaken, it has been 
estimated that a direct increase in cost of about 4 to 6 cts per yd would have 5 
_-‘Tesulted, causing an increase in the cost of the structure of as much as 70% in 
- some cases. Such an increase has not appeared to be justified for structures 
designed by empirical methods. Then, too, no selectivity of material has been a 
— exercised in. the past, and, as the compacting of materials depends to some 
extent upon their uniformity, | efforts toward control of condition and state _ 
_ would not have been marked with great success. Large allowances have been 4 


made for the shrinkage of the structures, as follows “ Son es 
Equipment for construction: allowance 


aati tn (locally termed ‘ ‘tower machine”) 


Hydraulic fill. 
Uncertainty as to the condition and state of compaction of the material, and — 
‘ assumptions as to conditions and placement that need not be considered ge 
ally in earth dam construction, make the design of these structures difficult. 3 
For instance, the cohesive strength, as used for the design of side slopes, is 
usually neglected completely when it is known that draglines. or -cableways ar are _ 
to be used for the construction of aunit, 
<a The control of seepage through the levee sections has been the prominent 
feature of their design. This has not been due to a demand for the: conservation F 
_ of water, as is generally the case for dams, but because of the manner in which | 
they have been constructed. The application of the criteria in current use has a 
_ resulted i in designs” which have proved satisfactory from the standpoint of Bal 
“ stability. It has been shown that most of the material for their construction — 
is silt or a similar soil which is considered as fairly impervious; also that the 
_ duration of the flood periods : are relative ely short as compared to the periods of x 


- high reservoir stages for dams. - Consequently, the opinion that full seepage 
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"LEVEES IN THE MISSISSIPPI VALLEY 
the may not develop seems justified. Through the applica- 
Ms tion of s soil mechanics it is possible to attack the problem of design more directly; 
that i is, . to determine the stability of the structure on the basis of the strength of 


the materials used and, in addition, to estimate and its effect on the 


‘The design of al levee, whether based upon or 
~gnalysis, depends uy upon the nature of both the material to be used for its )con- 
es struction and the foundation medium. Consequently, the first step is to ex-— 
a plore the materials in the borrow-pit areas by means of borings, so that definite © 
information concerning the available material for construction will be at hand. 
The material to form the foundation for the structure must be explored in a 
3 similar manner. _ The current practice is to make a system of preliminary bor-— 
ings along lines parallel to the route of the proposed levee, so that the lines di- 
- vide the area into three parts. The borings are made in pairs on these lines, 
be 000 ft apart. The depth of these borings is not great, but it is sufficient to — 
Me ‘explore the volume of material required for the structure adjacent to their 
location. In addition, borings are made at 1 000-ft intervals along the center — 
line of the proposed levee, directly opposite those in the borrow-pits, to explore _ 
er the foundation medium for sufficient depth to assure the non-existence of un- 
consolidated and apparent unstable material. 7 such a condition i is indi- 
cated by the preliminary borings, or the features of the terrain, additional — 
es ~ borings are made to trace adequately the extent of such weak formation. The 
spacing may be reduced to intervals of 100 ft. ik 
a= The borings for the exploration of the borrow-t -pit areas and foundations are | 
generally 3 or 4 in. in diameter. They are made with earth augers operated by 
A ~ hand. It has been found that this means of | exploration i is practicable, per- 
i mitting the use of unskilled labor and requiring very simple equipment. The | 
_ samples of the ‘material a are obtained directly from the augers as as the work a 
progresses and preserv ved in pint fruit jars which properly labeled for 
identification i inthe classification laboratory, 
ee For the situations requiring special consideration or where no experience 
has been had with the materials, a primary sy ystem of borings i is made to sup- 
plant the preliminary system just described. The purpose is to provide samples 


§ analysis of the strength of the materials i in the borrow-pits and foundations. } 
These samples are. obtained from 6-in. borings, using special equipment 
|e for obtaining undisturbed samples. — These large borings are also made, — 
in most cases, by hand-operated augers. casing of suitable size ‘is u used in this 
= to prevent the caving of the materials penetrate and to exclude the 
os ground-water; thus the materials are sampled “in the dry”. The device used Zz 
2 obtaining the undisturbed samples was developed under the auspices of the © f 
= Committee. on Earths and Foundations of the Society by Professor. _ 
_ Gilboy and the writer. _ The details of this device are shown by Fig. 6. Com- 
he descriptions of the technique of boring and sampling, for both the general ; 
and samples, are contained in other publications? of the writer. 


International Conference on Soil Mechanics and Foundation Eng., Paper A-23, by 8. J. 
June, 1936; “Technique of Soil Testing”’, by S. J. Buchanan, Civil Enguneering, 
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jected to classification tests, both as to kind of material and general sculiiheds. 
_ An experienced technician, trained in this work, first classifies the material ae 
= visual inspection. The samples are then grouped and such mechanical analyses” 
end water content determinations as are necessary are made of representative 
members of these groups. Whenever a question arises as to the correctness of + 
a visual classification, additional tests are made to dispel any uncertainty. The : 
Atterberg limits, liquid and plastic, are of a few samples so 


natures of the materials available for construction, as well as of those i in the 
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am The strengths of the materials are next determined by tests 0 of a representa- 


tive specimen. The delayed shear test for ascertaining the angle of internal 
friction, g, and cohesive strength, c, as required for the design of the side slopes 
of the structure, are made of a representative specimen of the borrow- -pit 
materials. Comple te. descriptions of this, and subsequent. tests mentioned, are 
available elsewhere.!° The maximum side slopes of the structure are thus 


4 established. _ The strength of the foundation is determined by quick, and 


squeeze, shear tests of undisturbed samples of the cohesive materials in this 
medium. Then, ‘the combined consolidation- permeability test is made so so that 
— the settlement and under-seepage can be estimated. The final shape of the 


structure is established, on the basis of information obtained — the = 
group of tests. val 
Laboratory in Testing and 8. Waterways Experiment 
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mie Data. »—The 1e physical features of the problem to | be considered are: 
Eleva ation of natural ground surface at the site, i in ssa (mean Gulf pact fee 7 


of net grade « or crown, in feet (mean Gulf level). . 


allow ance for shrinkage by tractors) . 
Gross height, in feet, considering shrinkage (30 X 1.15)..... 
a" Thickness of plastic zone in foundation, in feet 
Faetor of safety desired for side 
Factor of safety desired for foundation. ... 


‘The borrow-pit material is a clayey silt, , and other characteristics are as _— 

Percentage of water content (natural state on dry weight 
basis) . . 
Void-ratio (natural state on ary Ww weight basis) 


4 Permeability, i in per - second of 5x 10- 
Ae A It is evident jor the inspection of the | conditions indicated by the log = 


Riverside 


| 


Fro. 


is clay between Elevs 344 and 321. The data’ obtained 
ie this thaterial are shown as follows: _ The strength of this material, in situ 
be (quick shear tests), equals 0. 155 ton per sqf ft. Its consolidation and permeability 
characteristics a are as shown in Fig.9. 

— Design of Side Slopes.—In the computations for a slope of. 1 on 3. 5, ‘the <7, 
~pastion of the center of rotation and the radius « of critical are are both deter- 
= mined by methods referred to. previously. These data are shown by Fig. 8. 
The weight of the material in the structure is to be 100 Ib per cu 
4 is assumed that 20% 
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| Unit weight, in pounds per cubic foot, when placed (judged by bn 4 &g 
Angle of internal friction, ¢ (test result), in degrees... . 
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Void Retio _ 


Pressure, in Tons per Sq Ft  Rermeability, 
in Centimeters per Sec 


4 Fre. 9.—FounpaTIONn INVESTIGATION 
™ 


ars 
OF F TANGENTIAL AND Norman Components 


Area, in Gravitational Tangential Normal 
force, in component, 

pounds in pounds 


IN 


2 850 1 980 
7750 320 


10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.7 


tangential and normal Sciapeeente for each segment are computed as shown i in 
_ ‘Table 3, from which the factor of safety is computed, as follows: an = 


of 120 790 tan 19.4° + (0.13 X 0.20 x 2000) (131.2) _ 


The factors for other slopes considered, are: 


1:3 
ts 


, ee Foundations. .—Probable settlement is estimated in the following steps: 


@ The increase in vertical pressure on the foundation, in tons 


i 


+ 


@ CONSOLIDATION DIAG 
— |! 
i 
| | | 15100 | 5460 | 14120 
— 
— 
— 


(2) The pressure, in tons per square foot, by which Seiad stratum 
has been previously consolidated (estimated from a Fig. 9(a)) . 0. 
(8) Void- ratio ‘corresponding to initial conditions. 2.04 
) Void-ratio corresponding to final condition......... 
) 


(6) Total in feet" = h 
New gross height, in feet, considering allowance for settlement 
A of the using the new gross height (37.5) gives a new 
 yalue of 3.1 ft, which is sufficiently correct for the purpose; and a recheck ~ 
o of the side slopes shows the factors of safety for r the _— condition practically — 


ee The stability of the foundation | is determined as follows: _ 


(b) Thickness, dg, in feet, of plastic zone in foundation (see Fig. 10).. 23.0 


oO ‘Measured strength, in tons per square foot of foundation (ioc | a 
result) 0.155 


Allowable working strength of foundation material, in tons per be 


square foot, to give a a factor of safety of 1.25 ( 0. 124 
Allowable stress stress 0.124 


Ratio of h horizontal vertical side: ing wh = 
ith of and height ot 37.81 ( = 348 — 


— 


of of 125 ( = 0. 


width of 10 ft and height of 37.5 ft 


‘Side slopes of 1:4. because of the 
| Spereding the 1 : 3.5 5 as required for the material placed in the structure proper. 


been used, the factor of safety of the been 0.98. 
.—The factors involved in determining the height of emergence of 
e topmost flow line above the base of the levee (using basic equations advanced 
: Professor Gilboy) are: H = head of water to be impounded; a= ‘angular — 
‘ inclination of land-side slope; b, = horizontal distance from land-side toe - i 
“section to vertical projection of intersection of river- -side > slope with water 
‘Surface at a height, H, above the base of the s structure; ‘and m mH = = the vertical ae 
- titance above the foundation of the outlet point of the topmost flow rg 


"Progress R 
“May, 1933 738 of Committee on and ‘Foundations, Am. Soc. C. E. 
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solution of Equation (2) for the value of m, using values for the 
a factors, b, H, and a, establishes a value of 0.34. The height of | emergence above _ 
base is equal to m H = 0.34 X 29.0 = 9. 9ft. 


Has Been Accom lished = 


347" 


b,= 


The e quantity of s seepage per foot length of levee per wuaila is expressed ty: 


the values i in Equation (3): = 2.54 x 12 0.217 


= =0. 35 X 10-6 cu ft sec ft. of levee: or 0. 11 cu ft per min per mile of 


_ levee, indicating that little concern is warranted regarding the quantity of 

ONCLUSIONS 

present levee sy yetem for the Lower Mississippi Valley was designed and 

- constructed at a time w hen the science of soil mechanics was ‘‘in its swaddling 

i clothes”. The system as a whole has proved satisfactory under the test of — 


actual r, the empirical methods of design were based upon long 
experience W with such structures, the heights of which have increased as vs 


‘the consequent stresses developed. _, ee subsequent improvements, such as 
_ further enlargements or changes in locations that may have become necessary, 
economical designs may be predicated upon a strength-versus- stress basis, to 
= ‘advantage. Time and funds are no longer nec ry to develop emy irical 
ge. eno ge ecessa! y p emp 
The fund of knowledge available permits the problem to be 
by this new method w vhich has already “Ww on its fighting pants” i in other fields. 
" ‘The net effect of applying knowledge gained through soil mechanics a appears — 
to be toward the elimination of such practices as actually producing failures of 
foundations and later repairing them. Al Also, it is indicated th that the size of the ; 
sections may be reduced safely through steepening of the present standard = 
land-side slopes. _ For new units involving materials with which there has been 


ho experience, sav — in time and cost are possible through the application of 
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_ QUABBIN { DIKE BUILT BY H HYDRAULIC. FILL 


By STANLEY M. Dore, M. AM. Soc. C. E. 


‘The thorough of materials available for earth dam cor con 
"struction furnish not only the proper information by which to decide the type g 
dimensions, and cost of the earth dam to be built, but, they urnish cule 


data to enable contractors to bid intelligently. Such toward 


more economical and satisfactory construction. i. 


mo The he proper supervision n of the construction of a of a full hydraulic-fill dam is of 
‘primary importanee. The engineer strives to to have ‘the structure built sally 


and economically, at the same time securing the best quality, the ‘materials 
and the ‘difficulty of of securing and placing them being carefully 
8s satisfactory results i is influenced to a large extent by laboratory investigations za 
em and tests of samples from the borrow-pits and from the — and = core 


The design of a a hydraulic-fill dam and the supervision of constr are a | 


— 


perenne considerably by the rate of consolidation of ‘the et core material that 4 


. a will occur during and after the sluicing operations. 7 As far as is known there is a 
i ‘no existing | method of computing this rate of consolidation during construction, 


a oO other than the ‘semi-empirical “method presented herein which was developed — a 
from data accumulated on ‘Dike. ‘This method may be used 


estimating core consolidat n on mother when ¢ ertain test 


data pertaining to tl that projet 


A 
~The Quabbin Reservoir'* of the] Metropolitan Water District 
(capacity, 415 000 000 000 | gal), will be formed te a@ main dam and a “dike, 


d Both are full hydraulic earth dams, the former being 2 640 ft i long, 170 ft high © 
above the old river bed, and cor containing n more than 4 000 000 cu yd of embank- a4 
_ ment above the original surface, and the latter being 2 140 ft long, 135 ft high, 
and containing 2 500 000 cu yd. AD typical cross- reection of the Quabbin D Dike is 


48 Associate Civ. Engr., Met. Dist. Water Supply Comm. of Massachusetts, Boston, 
P= ‘18 See “*Boston’s New Water Supply,” by Frank E. Winsor, M. Am. Soc. C. E., Civil Engineering, — 
June, 1934, p. 283; ‘Boston Metropolitan Water Soory Beni.” by Karl R. Kennison, M. Am. Soe. 
C.E., Journal, New England Water Works Assoc., Vol LVIII, No. 2; Ys Surface and Sub-Surface Investi- 
ob Dams and Transactions, Am. Soc. C. E. Vol. 102 (1937), p. 680; and, 
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4 QUABBIN: ‘DIKE. 


‘The quantity and quality of the over-burden i in cach area easily accessible 
J to to either the Main Dam or the Dike were first inv restigated by 2.5-in. bore holes — 
= and by test pits, 6 to 10 ft deep, dug by hand. The bore holes were driven to d 
r; reasonable depths to ascertain the extent of the earth cover, and dry samples, at | 
least every 5 ft apart vertically, were taken from each of them. These holes 


Areas that seemed to be from the standpoint of quelli’ and 


with which he must work. _ By eliminating as much as practicable of this 


were located frequently enough (generally at least 400 ft apart) to serve as a x 
index the materials in the area. The | bore-hole investigation also 


“The test pits, ‘to supplement the bore-hole weegven. were located on hillsides 
and in areas where the earth cover was known or expected to be thin. Samples — e 
from both . places wer vere tested for g grain | size, permeability, and | porosity i in the soil 4 
: laboratory. From these investigations, studies and estimates were made for a, 


~ each borrow area, to determine the quality and the cost of the structure that — 


were further investigated by shovel cuts; ; that is, excavations made, with ie 
4 power shovel, into the hillside at one or two critical places in each prospective i 
borrow area. The excavation of each cut was continued into the hillside or 1 
slope until a face from 20 to 30 ft high was opened, and representative samples 
were tested in the soil laboratory for grain size, permeability, and porosity. 

_ The cost of these cuts averaged $1 200 each, four being made for the Dike and 
ten for the Main Dam. Large cuts of this nature offer a very satisfactory 2 
_ exhibit to indicate to the prospective bidder the type of materials to be e expected. 4 ; 
They p pay for themselves many times over on a large job by eliminating from the 


bidder’ s mind much of the uncertainty as to exactly the qualities of materials — 


uncertainty, the sum that the careful and preferred bidder adds to offset his +4 
_Tisk, is correspondingly decreased. if. 


_ Materials from some of these cuts, in addition to the soil laboratory tests, ce 


_ were tested i in the  “sluicing bin” ” shown i in Fig. 12, w where they were washed — 
down on to the beach of the bin with nozzle streams, the finer particles going 
intoa pool attheend. The test subjected the materials to working conditions “a 


similar to those encountered in actual construction. The qualitative and 


tion, can be studied more extensively on the basis of tests made with this bin. 
aa. The results give definite relative values as to the suitability of any material for : 

ae in the construction. For example, by measuring the quantities of materials ig 
sluiced and the quantities deposited in sections of the sluicing bin corresponding ‘ 


properties of the materials considered for hydraulic-fill construc i 


to the beach and core sections of the dam, estimates of the yield of beach and 


materials from a class of borrow material can be made. Further- 


aan bin, and the results ¢: can 1 be taken as s indicative c of the propertie 
_hydraulic-fill embankment that will be obtained from that borrow mere 
A larger yield of suitable core materials is required for the upper parts than a 

the lower parts of a dam. The sluicing-bin tests can be used to which 
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4 QUABBIN | 


PPR ior of building each embankment and in estimating the costs of the — 


layouts. ‘The that ‘seemed and feasible, 


hid them in tendering a fais and intelligent alka _ After the contract for ; 
each dam had d been awarded, the successful bidder was required to submit for 


approval his own plan of operation, which might, or might not, be one of those 
‘The samples obtained from bore holes, test pits, or shovel cuts are valuable 

_ in influencing the design of the dam or the layout of the construction plant, and | 


the proper — and the prices obtained in the ae contract se 


the results ina classified and summarized manner so » that ‘the ‘results can be 


é used easily and intelligently. ye Such work eliminates much of the guesswork — 


of Size for Pumped Materials 


Boulders not 
included in 
Analysis 


‘TABLE 4,— IDENTIFICATION or Hypraviic- Finn Dams IN Fie. 


260 

50 of all 

Limit of Size for a7 

Tight Dam, as Defined by E. W. 

For Each Size 80% of the Curves 
are Located Between Lines 

20% of Quabbin Di ke 

| 

Fre. 13. or Borrow-Pir IDENTIFIED IN TABLE 


| Henshaw, California Full Linville, North Carolina Semi-hydreulic 
3 Swinging 'Bridge,t 9 | Tieton,t Washington Semi-hydraulic 
York Full hy 10 | Saluda,t South arolina Semi-hydraulie} 

3 | Dwinnell, California _ Full hydraulic | 11 | Magic, Idaho — Semi-hydraulie 
4 Davis Bridge, Vermont Semi-hydraulic Alexander, “Hawaiian 
Somerset, Vermont Semi-hydraulic| Islands Full hydraulih 
arolina mi-hy raulic 14 | Quabbin Dike, 
hy .ydreulie 


Bee Fig. 18. Average of tests. {Minor slip. § Serious slip during construction. 


a material or which mixture of materials is the proper one to use In any particular 
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tory results and the classification of samples for various dams built 
available, comparative studies can be made of the materials available for 

Sch ‘Rig. 13, with Table 4, shows a comparison of grain-size analyses curves sfor 

Ny borrow-pit materials used in Quabbin Dike with those for some other large _ 


dams. “full hydraulic” dam is an earth dam built by transporting the 


it in the dam by water, a separation of sizes taking place during maar ll 
A “semi-hydraulic” dam is similar to ‘‘full hydraulic” except that the material 
is transported on to the dam in some other manner, usually ina “dry” state in 


To control the of ‘material in a hydraulie- fill dam is a complex 
process, and many features must be properly co-ordinated to obtain the best 
is results. _ The analysis of “‘hog-box”’ samples and of core and beach samples at 
regular intervals is a valuable part of this control. f Periodic tests for grain size, 

a permeability, and porosity give indications that the structure is, or is not, 


| - being built satisfactorily, and they reveal the properties of all parts of the © ar 


fz By the analysis of. the hog-box samples the builder is enabled to anticipate 


- the borrowing operations, and the engineer is enabled to regulate them properly 


that poor construction conditions and results “may be avoided. These 
analyses indicate, pero: to both builder and engineer, any lack of “coarses” 
of any one pray and ‘other unsati 
te deficiency or excess can be remedied « or corrected a as soon as it is arent ; 
by the laboratory analyses, by borrowing materials of differently tested 
characteristics from other parts of the borrow area. 
‘The analyses of core samples, - taken at frequent intervals from the dam 
itself, indicate definitely the existence of any coarse tongue or intrusion into the © 
5 core or fine deposit i in the shoulders so that corrective measures may be taken - 
before construction s advances too far. By co-ordinating the result of rod- pipe 
~ soundings made along the edges of the core and pool with the size analyses 
et made from the materials there, an inspector can Jearn to judge the quality of the 
a core material by the resistance offered to the } penetration of his rod. Thus, he 
can feel any coarse tongue that projects into the core. as With routine testing — 2 
the grain-size test acts as a constant check on his judgment. 
made reasonably close (say, every 100 ft along the edges of the pool) and are 
er by the rod-sounding work, unsatisfactory conditions can be | 


ae Glacial sands and gravels usually have such high internal frictional resist-— 
nees, that shear tests are not necessary to the design, because a conservative _ 
itineation obtained by using reasonable up-stream and down-stream slopes 


-hormally has ample volume and weight to withhold the pressures from the core Pg 7 
uring and, of course, after construction. — ™ some types of a such as — 
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“those. obtained from alluvial’ deposits, should be used. extensive 
to determine the qualities of the shoulders of the dam or the foundations under — 
it, and in such cases the results will control many features of the design. How. 
ever, an occasional shear test for any type of material is a valuable check of the 5 
qualities already judged suitable by visual inspection. In the case of control x 


during « construction, shear tests on the core material of a hydraulic- fill dam mee i 


progress 0 

ee rate at which the width of es core can be decreased safely can be controlled _ Ag 
‘more intelligently. At Quabbin Dike the shearing resistance of the core ‘a 
= ‘materials, even a few days after being deposited, was sufficiently large so 80 that 


it was to limit the rate construction or the of decreasing 


Core samples should be for moisture contents at 
‘frequent intervals to determine the rate at which the core consolidates during 
construction. These specimens can be obtained by sinking a pipe well into 
the core and taking samples, at various elevations, in as hear an undisturbed — 
condition as + practicable, 3 Although the core materials may vary in properties 


vertically 3 in the ¢ core during the construction (see Fie. 14) and this well ef : 
equipped with ports through which ‘samples can be taken at various elevations. 
_ If desired the samples can be taken several feet away from the observation well 
by the use « of long | tubes. _ Samples from the ports: of this well were taken at 
_-Tegular intervals (approximately one month) and tested for grain size and 
- porosity. . The results indicate that certain definite laws operate to control the ; 
‘Tate at which the core materials consolidate during construction. - Pe 


a In the very first stages of the consolidation considerable water is relewed : 

@ from the part of the core near the bottom of the pool through vertical springs 

— into the pool; but f for parts of the core covered substantially, the drainage is 
mostly horizontal. _ ‘The edges of the core consolidate _ more rapidly than the 
center for two | reasons: First, they are nearer the coarse, ‘and free-draining, ; 
parts of the dam, and the water squeezed out of the pores is quickly carried 

e away; and second, they usually contain the coarser of ‘the core deposits which 
will yield its water relatively quickly because the permeability ‘coefficients at am 
correspondingly higher» 

maa Disregarding this more rapid consolidation of the edges, and assuming thst . 


a there i is only one consolidation rate for the core over its entire width, for each 


“ 
core material, ‘to a certain consolidation, as follows 


wae, 


x 

if 

iy oar a solidation. If, from tests, the shear is determined for 
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with grain-size analyses curves, will show a 
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3 in which Q= Pao of nr in cubic feet per day; K = = permeability 
coefficient of the core material at the given location; ka Bey = head of water from 


width, ., of the core at the giv ven elev A = area, in square feet; and 
_ t = time required to drain the necessary water to secure a given consolidation, _ 
in days. The core material is not of uniform permeability, but as it is deposited a 


in horizontal layers, the changes in permeable characteristics are horizontal, ay 


and a strip the entire width of the core would tend to have nearly the same 
“7-00 although different from the adjacent strip above or below. 
4 


beliew ed to be sufficiently correct in making of consolidation 
—~ construction because, , during that period, the core material has umualy 

7. not reached a state in which the compressibility 0 of the material affects the 
consolidation rate to an appreciable degree. — Observ ations made on the core of 


Equation (5) is used as follows: 
*¢ (1) Estimate the permeability of the core material, for the location con- 


_ the Quabbin Dike indicate the practicability of its use (see Fig. 15). 2 aan 


est 
soil laboratory. A constant ~anntiet used, as permeability varies 


a  &@). Assume increments of reduction of porosity as consolidation progresses, — 
and solve for the value of A Q corresponding to such reductions (the smaller the — 


_ increments the more accurate the determination) 
oad (3) S Substitute AQ for Q in Equation (5) and the proper values of K,H, 


and b. al The time, At, required to effect the increment consolidation due to the 
squeezing out of the water, A Q,canthen be computed. = 
Rie (4) Add the values of At. The total time required to effect the consolidation 
between any two given porosities can be obtained for the particular conditions 
of pool level. As the pool level usually changes during this period, a time-pool- ‘ 
level curve should be plotted and, progressively from that curve, the proper 4 H E : 
to be used in each increment determination can be estimated. x + oa 
_ (5) The beginning of any period considered should be taken when the 


material is no longer it in complete Suspension in the water. This state is 


represented by a different porosity for coarser than for finer cor core materials 
(about 65%, 60%, and 55% for materials containing 30%, 20%, and 10% less 


15 shows a series of eu of | the time of consolidation plotted erent 
‘Dike. The curves were theoretically by means of Equation (5). 
Z he circles indicate observed porosities of samples taken from the core, and the 


4 line: and arrows indicate the difference between the theoretical and the observed ie 


sidered, for varying degrees of porosity or water content. ‘The data for such 
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| 
ok ‘The differences between the two are minor in the upper parts of the diagram, 
and the use of Equation (5) should be limited to construction conditions = 
which the core materials are in a highly saturated state, and in which the degree 
oof consolidation has not progressed far enough to great of f the 
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The ry above any volume of core materials is transmitted sieaiae it in 
. two ways: Through the water, which i is compressed and squeezed out as fast as 
the permeability of the core will permit; and, after sufficient relief by ‘drainage 
6 of such excess water, through the solid particles of the core. The a 4 
a fia the condition | of full load carried be = water to load carried almost 


‘condition j is such that the entire load is thet transmitted through the water. 
state is one that exists when the solids are ‘suspended in the water 
occurs only in the materials in or near the bottom of the pool. This ; suspended — ; 
el is quickly relieved by vertical drainage into the pool itself. ane core . 
oo are then in a state such that the solids are not 
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lightly upon each other, receiving some light and partial maine through the ~ 
solids beneath. It is this condition, or a similar one, which exists in the core 
as | the pool i is maintained full of water for the subsequent construction 
operations above; sand Equation (5) is usable for just such conditions. 
_ the reason why H is the head of water. The excess weight of the liquid core 
{ over that of the water is neglected because of the partial support the solids — 
obtain from each other and from those below in their loose and unstable state. 
Thus, the writer believes that this construction consolidation formula 


a — (5)) can be used on other dams for regulating the = of “cone 


 Afte or the pool is drained and the exe« excess W ater is slowly carried away, there is 
i a slow transition into an n entirely different condition in which support of the load 
7 a above is largely, if not entirely, carried by the core solids. For this latter state, 
of course, Equation (5) is not applicable, and the rate of consolidation then is 4 
ay appreciably affected by ‘the compressibility of the solid matter in the core. : 
_ _However, for a silt or rock-flour core such as that at Quabbin where the 
percentage of true clay is very low and where there are practically no colloids, — 
_ the texture of the core is a fine-grained solid one; and a condition in which the ta 
core particles will support the entire load above is reached relatively quickly < 
_ after the pool is drained. Instead of a great number of years before most of the _ 
onsolidation is secured, tests indicate that probably most of the core is almos 
~ completely consolidated within two or three years. Some parts of the core, 
such as those which have material 30% or 35% finer than 0.01 mn, will probably q 
settle for) ‘many years before re reaching a fairly | compact state approaching the 
a limiting or stable state; but most of the core, especially those parts with material 
‘coarser than 20% finer than 0.01 mm, will reach their limiting state much more 


—, ner than to reach its 
limiting state, in years 


ve 


> Ih each case ¢ is measured from the time ‘the pool is first drained of water. 


Comparisons 1 made with ‘the consolidation formula introduced by | Glennon 
-Gilboy, Assoc. M. Am. Soe. C. E., indicate that much longer periods would be 
expected but the result of tests of the core materials of Quabbin Dike leads the 

writer to believe that the rate of consolidation of solid-grained core materials — 

=, of specific gravity of 2.6 to 2.7 similar to those i in Quabbin Dike will be much. 
more rapid than Professor Gilboy’s formula indicates. = = 

_ The consistency of core materials in a hydraulic fill when a fairly stable 

“state of consolidation is reached, has been the subject’ of much discussion. 


‘ieomeons made to date (1937) on the core indicate that, for material of a 
Mechanics of Dams,” by Glennon Gilboy, Assoc. M. Am. Soe. C. E., Journal, Boston 
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25% finer than 0. Ol n mm, or state: will be at least that of 

ch stiff putty. Even the finer portions will be in a putty-like state, but softer; 4 ; 
and there will be no such condition as a permanent li liquid or semi- liquid core 

‘The impression that the lower parts of the core consolidate more quickly, 

E due to the pressures } from above, is not entirely true, because the width of of the 
core is narrower near the top and consolidation occurs quickly at low pressures — 

because the excess water can soon reach the permeable shoulders. ; Obteerve- 
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| Henshaw, California Full hydraulic Huffman, Ohio Full hydraulic 
Swinging Bridge, New _ Calaveras, California Full hydraulic 
York ide Full hydraulic and semi- 
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to the p of core samples that. 
has been drained, the rate of consolidation is fairly uniform throughout the — 
core and that the pressure due to the depth does not then cause faster cons 
 golidation in the lower sections | probably because, with 1 the greater width, 
" relatively longer time is ae to carry away the excess water even if iti is 

‘The qualities of the hydraulic fill obtained from the | borrow-pit materials 1D 
a indicated in Fig. 13 are summarized in diagrammatic form in Figs. 16 (with 


; Table 5), 17, and 18. _Fig. 16 with Table 5 5 shows also a comparison of the core 4 


000 samples (4 500 from the core and 3 500 from the beach) were analyzed 
_ for grain size in the Soil Laboratory and Fig. 19 gives the average percentage of 
_ these samples finer than the 100-mesh si sieve (0.149 mm), the 200-mesh sieve 
(0.074 mm) and the 0.01- am us locations in the core 


Adjacent to 
_ of Pool 


Limits of Steve Analyses of Matera Deposited 


es of water that will seep 2p through | the earth core of Quabbin 
= will be ——— small, but estimates ¥ were > made to determine reasonable 


| Sea the location of the seepage flow lines, from them determining the 


terms of the antes permesbilities of the core and beach materials, “ae 
is expressed | in terms: of | K, the coefficient of permeability of the core 
Revere and by substituting the values of K that are considered as reasonable = 
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borrow materi 
sions to which to build the core, the qualities of the available borrow materials 
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; 

n the | result, seepages for different qualities of cores can be socused... ‘The 

cations of the flow lines were made mathematically by ‘“‘cut and try” 


and were checked experimentally by use of a laboratory model similar in some | 


gael torre to that described in 1934 by Hibbert M. Hill, Assoc. M. Pes 
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_ (at 40% Porosity for Core Samples) Million - 1000000 to 2000000~ 
Gallons Daily per Acre at 68° F for Slope of 


if Initial Porosity in Place (Percentages) — 
7 


= 


> 
2000+ 


Effective Size in Millimeters (10% Size» 


Average Grain Size in Millrmeters 
(10% and 90% Sizes) 


Percentage Finer than 200- ars 
Sieve (0. Millimeters) 


BEACH 


F 
1G. 
This model was small water-tight wooden with a heavy plate-glass 
a front (see Figs. 20. and 21). Asthe beach materials are many times as permeable 
as the core, the slope of the flow lines up stream and down stream from the core are a 
a exceedingly flat; and a satisfactory check on the location of the flowlinescanbe 
_ obtained by finding their position in and through the core itself. For nan dae 
on reason the sections tested were those of the core only. Several sections of core a, 


short from it by metal shims. It Was then backed up by 
4 _— Wooden, water- -tight bulkhead which divided the tank into two parts. Water 


¥y the equivalent reservoir level was maintained in one-half the tank and to the at 
equivalent tail-water level in the other half sid: 
‘The first tests show red that laminar or "stream- line flow was obtained 


i - throughout when the spacing between the glass front and the core plate was Zz 
0.006 in., or less, although a spacing of 0. 012i in. could be used — | only a small 


eral 


amount ‘of turbulent flow occurring ‘near the caisson cut-off. For greater 


Engineering, 1934, p 
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iy spacing the area of turbulence increased oun As the e seepage of water 
through soil is laminar or stream-line flow, the spacing during testing was 


Plotted From Analyses of: 


4500 Core Samples 
3500 Beach Samples 


| 8.000 Total 
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19. —SIEVE AND Hypromarsn AnaLyses Resu 


ome was with air bubbles with capillary action 
a near the top of the core section. The former was controlled, to some extent, by 
‘running the water until the temperature of the tank was the same as that of ot 


water. The latter was eliminated by y use of a metal shim, shaped experimentally 


to reduce the effect of capillarity on the flow lines without depressing or ‘other 
i wise unduly affecting their location. This shim was placed between the plates 
a at the top of the core near the water lev el and prevented any water f1 from ‘bells ; 


an, 


= | 
| 
— 
| 
— 
(> 
indo) 
— 
— 


flow line, which was determined experimentally, = 
ie As Figs. 20 and 21 indicate, a dye was introduced into , the water ‘through — 


small ‘openings’ just up stream from the core plate. This dye would travel 


into space between the | plate and the glass above the upper ‘normal 


7 across the core plate — the seepage lines, wna the locations of these bo 
They checked with the mathematically 


Turbulent flow was 


> below the full reservoir level, with side slopes of rp deerheriony 3 3 on 1. a In- 
. creasing. g this width of 100 ft to 120 ft would have reduced the s seepage only ae 
- es decreasing it to 60 ft would have increased the seepage about 33 ; 


bs f ‘Estimates of stability of the Quabbin Dike were made for many assumptions 


conditions. These ‘estimates led to the development of a a nomographic chart 
Fig. 22) for 


in which ry Tw = the ratio of the unit weight of core material to des enitin unit weight Sof 


_ the shoulder material; Ae= = co-tangent of the angle of the core slope with the | 

orizontal; B = co-tangent of the angle of internal friction of the ‘shoulder 

material; and C, = 


easily ascertained by observing the action of the dve i 
determined principally by the more important factor, the probable 
Mo” _ yield of suitable core material from the available borrow materials. — Ps 
— 
— 
all 
her 
d 
a 


: ‘ae the dimensions of the ¢ core and beach sections and the unit weight of the 
_ core and shoulder materials are known or assumed, the internal friction or 
a shear value necessary for stability can be estimated quickly from the chart; or, 


of the dam required for cores of as ssumed or required ‘dimensions « can be 
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borane of C.= Cotangent of Angie of Outer Slope, with the Hori: 
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Values of A, = Cotengent of Angle of Core Slope, with the 
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30 


wre 


= for end conditions ir in ann Fig. 22 can still be v used i by multiplying the : 
cistent, 
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as the ratio of horizontal run * vetlel rise. Thus, an outer slope of 1 on 2. = 
eorresponds to a value of equal to 2.5. Values of C, are indicated on the 
a on the left side of Fig. 22; values of A, are on the scale of the right side. : te 
_ The procedure for using Fig. 22 is as follows: Assume that the width of core — 
il Elevation 410 was | 100 ft and that the hydraulic-filling has progressed to the 
point at which the « core has reached Elevation 450 with a width of 69 ft. _ This 
corresponds to a core slope of 1 on 0.387, which, if continued upward, would 
intersect the center line at Elevation 540.5, from which point the outer slopes — . 


are semaly approximated by a line having a one of 1 on 2.76, as shown in 2 


an 


is desired to determine whether the section is stable. 
ig  Astraight-edge is placed on 2. 76 on the scale at the left and on 1.1 on the 
‘2 45° line in the center of Fig. 22. This intersects the right-hand scale at 0.7 and | 
indicates that for the conditions assumed the section is stable, since the values | 
of A, in the right-hand scale are maximum values for stability. ae Conversely, 
values for C, at the left are minimum values. al 
* The beach materials at Quabbin Dike in the outer portions of the shoulders 7 
a weigh as much as 135 Ib per cu ft and average probably about 120 to 125 Ib 
per cu ft. The core materials weighed about 100 lb per cu ft when first de- 
_— Peaited and from 110 to 125 Ib per cu ft when the dam was completed. For a 
i ¥: stability based on the assumption of full liquid pressure from the core, an in- 


i These indies materials had a tested friction angle of more than 45 paegrens: 
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STABILITY OF ‘EMBANKMENT FOUNDATIONS 
By B. K. JR. at JUN. ‘Aw Soc. 


ig e ati Sxopsts_ ban 11 00} L sev agi 


embankments proposed as part of the now discontinued 1 Passamaquoddy 
Power Project, “included certain “unusual studies of stress distribution in 


‘and the character of embankment settlement resulting from 


foundation over-stress. report of these studies, which is presented herein 
———— to describe the general nature 0 of the findings and to draw attention — 
to a possible need for ‘the extension of analy tical methods (whi 


bie 
are chiefly concerned with designing en embankments 80 as to prevent Over-etres 


_ of the clay type : of fou ndations) to new methods in which a condition of over- 


: stress is accepted | for economic reasons, ond the extent of the resulting embank- 


aii the field of Soil Mechanics, which itself is a new and specialized branch of — 
— Civil Engineering, a certain degree of internal specialization already seems to be sg 
in progress. One of the most recent manifestations of this process is the rapid — i 
aa _ growth of a group the members of which are chiefly concerned with the problems — 
_ involved in the construction of large earth or rock-fill embankments. ai yer 


One general and obvious requirement ee an engineer in designing 


4 


of the foundation and embankment material; 
“ae calculation of the stresses created within the embankment and extending from 
kment down into the e foundations; and, finally, a judicious comparison 4 
_ of strength with stress in the light of past experience and a full realization of the . 
- limitations of the analytical methods and the test data which he had used. a4) 
Pr Both experience and theory now seem to indicate that analyses for stability 


* vary widely in character and complexity with the type of material encountered y 


‘The f four possible of conditions from such 
classification represent four fairly distinct types of problems, each of which * 
requires a certain degree of special treatment. Additional complications are 
introduced by the various methods of building embankments, such as wee 

or oF fill, and if olled, whether compacted to a high or low relative 


1414 STABILITY OF EMBANKMENT FOUNDATIONS | 
— 
; 
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t 
— | 
in the uncere nature (that 18, DON the Material and the a ‘ 
_ i <= the embankment. The soil over-burden at a dam site is generally either § 
—— 4 = i predominantly cohesive or cohesionless, and most embankments, with particular § 
i= 
| 
7 
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OF FOUNDATIONS BY 


‘Soils L 
os, that certain experiments performed there may point to a new con- ii 
ee ception of the action of embankment foundations. The work done at Eastport, 
" Me., on this problem was predominantly of a qualitative nature, and it is hoped 
that the findings as as ‘reported herein will stimulate further and more detailed — 


re 
In a up to the lnbiect of this paper, , the following description of the — 


A “aa operations in the foundations is given as a matter of general interest. 
in Eastport, the problem of foundation investigation for the two largest dams Zz 
ie presented unusual difficulty. Known, , respectively, as 
Dams, these structures were intended to close two channels or passages betw een 
a he ocean pane the wa aters of Cobscook Bay, the high level pool of the peo eed 
«power 


channels 1 was xs approximately 3 500 ft wide, that i in 1 each channel the tidal range — a 
a had a magnitude of about 26 ft, and that the resulting flow of water occurred as 
ape with a velocity sometimes as great as 6 ft per sec. ‘The soil over-burden to be 
explored lay at the bottom of these channels under. depths o of water as great as 
10 ft, and from a somewhat limited investigation previously conducted, was Ae 


believed to be predominantly a deposit | of soft marine clay. In the exploration — 


oy _ Drilling for exploratory purposes, and t to obtain undisturbed s soil samples =) 
i “suitable i in size and character for compression and shear tests, was conducted yi ; 
= from two large derrick-boats, one operating in each channel. To Protect the 


ee herein, one drill hole was actually driven to Elev vation —274. 5 before 


‘ 


Us and all anchor lines to the boats were led to hand winches, constantly attended _ 
ae 80 that the spud could be kept vertical and the position of the boat maintained _ 

eh at all times, despite the rise and fall of the floating plant with the tide. The 

™ bottom of the spud was allowed to penetrate the over-burden sufficiently to 

os give it lateral stability, while the weight of the spud and drilling equipment was - 

* carried by a large, circular plate clamped to the spud a short distance above its _ 
_ lower end so that it had bearing against the surface of the over-burden. After + 
top and drilling was conducted in normal fashion in a 6-in. casing inside. ay 

general view of the barge in actual operation in the Eastport Channel is shown ee 
in Fig. 24. In this work the importance of obtaining undisturbed soil samples 

_ for accurate foundation studies was realized and close inspection of the con- 

Zs of all.samples was made in the laboratory.. Some comment is made 


subsequently on the ard of disturbance of — as indicated d by the test ‘ 
obtained i in 


erection of the spud, the drill rig was mounted on the platform provided at the — ic 


— 
— 
— 
— 
S which have relation to a definitely cohesionless uncompacted embankment 
on a relatively uniform, cohesive foundation. Methods of laboratory 
fill — 
rom 
ent, 
Ry 
ank- — 
4 
— 
— 
— 
q 
— 
be 
istics drill casing trom the force of the tidal currents and to provide a stable 
then, ia a support for the drill platform, an extra heavy 21.5-in. casing or spud was first Ra) wd a” 
f the 
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icular 
same 
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‘Fic. 24.—Deer-Warter Dritiina, Passamaquoppy TraL Power Prosect; 160-Foor Speep 1x 120 


Routine soil testing on this project was performed hich in 
i » sda character are similar to those in use in the Soil Mechanics Laboratory of 
_ the Massachusetts Institute of Technology, Cambridge, Mass. The equipment — 


‘*, Buss! performing the shear fond consolidation tests was the same in principle 


Ne. 


‘Fig. Testinc Macuive with SHEAR Fic. Sampes BEFORE 
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(BANKMENT FOUNDATIONS 


designed by Glennon Gilboy, Assoc. M. Am. Soc. E. for the 
Engineer Laboratory, in Zanesville, The shear machine, shown in 
i, ‘Fig. 25, is operated in such a manner that the rate of horizontal strain of the 
sample during the test is constant. The particular rate chosen for standard 
tests on clay samples of the type shown i in ‘Fig. 26 was that which was found to 


a relatively light vertical lead Was | in equal to 


ee = ‘apparent angle of internal friction for clay samples and no increase in natural _ 
S| m shearing strength was allowed as a result of possible consolidation during the 
 eonstruction of the embankments. The shear tests were run simply to de- — 

termine the natural shearing strength of material at the 


q 
3 


this point it seems is advisable to acknowledge the fact most the 


e. subjects. In pei these statements, it is hoped rather than feared, 
rs they will provoke discussion and constructive criticism. Consolidation tests 7 
Were with the shown in 27, ‘and the method used for 


about one-fourth the horizontal pull. No effort was made to determine an ria 
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‘STABILITY OF EMB Al NEMENT FOUNDATIONS 

plotting test data was that prprcpry) by Donald W. Taylor, Assoc. am 

jo mietts te oF SAMPLE DistuRBANCE bate 10 
te 


“at 


ob Correlation of of ‘the data from shear and consolidation tests was found to 
give an indication of the degree of disturbance suffered by individual samples Be | 


es the drilling operations. Fig. 28 shows stress-strain curves, A and Bt 


100 

| Undisturbed Sample «9.96  Undisturbed Sample} 

80 41 tf 

60} 

= 40 0.80 

| 

| 0.72 

0 0.68 


for an sample and for t same retested after 
7 complete : remoulding. It will | be noted that the character of the curves is quite 
different. It w was decided, therefore, that when a test on a ‘a supposedly | undis- 
P4 turbed anal yielded data which when plotted had the appearance of Curve B, _ 
A the sample should be regarded with some suspicion. . Curves A and Bi in Fig. 29 i 
are pressure, void- -ratio. ‘curves for consolidation tests on t undisturbed and 
remoulded samples, respectively, and also show noticeably different charac- 

Attention is invited to the e foregoing considerations and the suggestion is 
made that through « a careful examination of test data in some similar manner, 
: a judgment may be reached as to the value of the sampling methods in use on 


any particular project. 7 More attention it in the future than has been given | in 


Summ. ARY or Test Data 
_ Correlation of drilling and testing records made possible the — sk 2 
the profiles ; shown in | Figs. 30and 31. The information given in these diagrams ; 
om may be amplified by the statement that, in general, the shearing strength of the 
at clay i in the Eastport Channel tends to increase with depth, whereas the reverse 
condition exists in the Lube¢ Channel. The a average values in both cases singe 
; between 0.1 and 0.2 ton per sq ft, although in the Eastport Channel lower values 
>, predominate and in the Lubec Channel a few values as high as 1.0 ton per sqft — 
Post were found. The average water content for * samples from both channels is — 


Improving Soil “Methods ds”, by Assoc. M. Am. Soc. C. E., 


“= 


7 


= 


= 
> 
= 
| 
q 
: 
| 
: 
7 
| 
a 
— 
| 
+ 
| 


30% of the weight of solids. T he | variation of water content 
ne with depth was found to be in agreement with the variation of shearing strength, — 
since in the Eastport Channel it decreases with depth and in the Lubec nse al 
A mechanical an of the ‘material both channels, 
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_ that it had a colloidal content of about 20% and about equal percentages of cla 
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— _ On this material it was proposed to build a structure of the type shown in ; y= 


. 2s Fig. 32. It was intended to construct the rock- fill section of these dams first a 
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‘STABILITY OF EMBANKMENT FOUNDATIONS | 


— step, to o seal the dams with a walativaly impervious s soil blanket et placed o1 on the tj 
4 ‘up-stream”’ face. It should now be evident that the previous reference to 


definitely cohesionless embankment is ju ustifiable in connection with these 


‘structures. Nearly all the material in these wm would be ianaiie’ in flowing — 


Hows 
| 1 


water and no rolling or compacting by artificial means was ‘contemplated. Ih e 3 


all probability, the finest sizes included in the lower part of the completed rock- : 
-. fill would be classified as coarse sand, whereas, in the section above Elevation : 

30, the use of 20-ton stone was The first consideration in the 

= analysis, therefore, was the degree of stability of the amen: ma- ie 


ALYSIS — 


portions a as ina create shearing stresses greatly in excess of the shearing strength i 
of the foundation material. — Comment on the applicability of Jurgenson’s ¥ 
ys method to this particular problem is deferred to the latter part of this paper. — 
‘ Considerable importance, however, was attached to the preliminary finding that 
in order to achieve stability of the proposed rock-fill, the base width would have e 
_ to be increased from five to ten times. The additional quantity of fill material if 
=e * required for this alternate design was” found to be so considerable that the — 
4 possibility | presented itself of effecting an economy by building the embankment | ‘ 
4 with the relatively steep slopes originally planned and letting failure and 
+ displacement « of the underground take place, even if eventual settlement to 
— rock resulted. This pr precipitated a discussion as to the extent and character of 
; the settlement which might reasonably be expected, assuming that as indicated, ; 
the clay foundation material would actually be over- before em- 
In contemporaneous foundation | problems, the writer believes this situation 
‘of to be rather unique. Many embankments and highway fills have failed due to — 
unexpected la lateral displacement o of a soft, underlying stratum, but few, if any, © 
of these structures had been investigated and designed by the principles of soil _ 
igh mechanics. In such cases as have received treatment by these methods, the 
4 objective of of "the 1e analytical work has been to attain an actual factor of safety 
4 against over-stress by flattening side slopes toa degree 1 which would } reduce the 4 
induced shearing stresses to a value less than the strength of the weakest part of 


Resistance of Soils,” by Leo Jurgenson, Journal, Boston Soc. of Civ. Engrs., Vo. 
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hh, 
q utilized to obtain a were 
# — ee pproximate solution. This resulted in showing that the 
a 


an analysis i in which failure and at partial displacement 
; ra the underground was actually contemplated, although as an exception to this 


“§ ‘statement t the special case of settling highway fills by dynamiting # soft underlying 


Bs) ‘preliminary to deciding on a method of attacking the coe Already set up — 
en the laboratory was a simple polariscope (shown diagrammatically in Fig. 33) 


_in this Mirror 


rt 


—__ TABLE FOR MODE 


which had been out previously to study the e distribution of shearing stresses in d 
latin models by photo-elastic methods. By using a weak pour of gelatin 

* and gradually i increasing the height of the model dam over that previously used, _ 

_ the gelatin was finally made to fail under the load, a procedure quite different — 

_ from that followed in ordinary work with this model, when failure of the gelatin z 

Was studiously avoided i. Settlement of the model embankment resulted, of the 
i type shown in | Fig. 34. _ This view was photographed through the analyzer and — 
Ny besides showing the shape and outline of the embankment section after failure, — 

_ it also shows a number of stress bands in the gelatin beyond the toes, where 
evidently the gelatin was not overstressed . Interesting though this last point 
ig may be to some, the particular object of introducing Fig. 34 is to show the 
character of deformation that occurred under the embankment. It is ll ; 
dear that, in this case, settlement was not maximum under the center line, 
although numerous predictions : to this effect had been 1 made, ‘but rather it is a 
es apparent that maximum settlement occurred at points on either side of the 
enter line, about half- -way out toward the toes. This: experiment was 
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adios as being typical. ‘From this work, the type of settlement obtained — ; | 


was termed “heart shaped”’, due to. its resemblance to the lower part of an 


From the of the work w with this n it was 
that in many ways it failed to achieve the necessary similitude to conditions i in 


4 . be stated that this was ngtianrieg the first and easiest method available for ob- 
ae taining a qualitative idea of the type of action to be expected under the assumed a 

2 - conditions. — To eliminate some of the sources of dissatisfaction, a second type 
a model was developed for the purpose of se securing a closer approximation of the ye 
— conditions. In this second model the material used to represent the 4 


actual dam ‘sites, and the proportions of the model were changed s 80 ) that the 
axial length of the section of dam being studied was considerably greater. 
_ Fig. 35 is a general view of the apparatus in which this study was conducted, — 
_ The preliminary test procedure was to build up a bed of uniform, remoulded — 
— clayi in the rather shallow tank and then, using irregular lead slugs, to construct a 
- _ model dam across the center, following as nearly as possible the construction 


oa, program 1 contemplated for the } prototype. — During the test, movement of the iy 


ig 


=. 


— 


— 
—. 
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igs between the clay and the window at the intersections of a grid system, prior to - 


loading. 
the end of each test their individual paths we Ww ere re determined. At the of the 


observed the test, course, but were exposed afterward by ren removing 

5 the embankment and cutting = model along the mid-section, a view of such a 

section being shown in Fig. 36. The originally vertical reference lines may be 

seen clearly, and the profile of the clay is shown to have assumed the previously _ , 
- mentioned “heart shape’’. Also, plainly visible, are the so-called ‘ ‘mud wave” — 

Tin formations on either side of theembankment. | 
This confirmation of the. results previously obtained, although still of a 

nature, was encouraging. In this. connection, attention is 


Fic. 36.—Cross-Section or Serrtement UnpER Dam 


invited to the experience of A. Casagrande, . Assoc. M. Am. Soc. E. and 


- Professor Gilboy,” who noted a similar type of failure under embankments on 
soft foundation material. Sufficient confidence in the accuracy of the general 
- character of this work was gained from this accumulation of evidence to 


proceed with the development of a quantitative method of analysis for use in Fa 


wiring the particular problem previously outlined. 


ta Continued experimentation with the clay model and careful observation of . a 
its action during test, led to the development of a method of stress analysis 

before failure, and a method of determining the extent of settlement — 
| of proposed embankments. The details of this analytical method were 
developed by R. M. Haines, Jun. Am.Soc.C.E. 


a —"s Shearing Resistance of Soils”, by Leo Jurgenson, Journal, pre Soc. of Civ. Engrs., Vol. oa 
No. 3, July, 1934; Discussion by A. Casagrande, p. 976. f, 
as Stability of Embankment Poundetions , by Glennon Gilboy, 4 aia. Boe. C. E., Transac- 
World Power Conference, W Jashington, D. C., 1936. bub 
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TABILITY OF EMBANKMENT FOUNDATIONS 
characteristic set of records for the testing i is shown? in Fig. 37, 
a Inspection of this diagram led to the conclusion that movement of the reference — A 
points was largely circular under the dam and became linear under the ~ te 


De toe _ Surface Deformation of Clay at Successive Loads ii 


of Points at Midsection 


Original Clay Level a 2 


Total Load No. 2, 267Lb ~ 

» 


— 


character to that predicted by Professor Dr. H. von Krey, of Berlin, Germany 
for the movement « of plastic material under long footings. — Development of the 
‘Haines method proceeded from this observation to the task of making _ 
‘ analysis of the conditions of equilibrium along a failure surface also similar to _ 

defined by: Krey, but in this | located by ‘trial and error in a manner 
- somewhat resembling the work of K. E. Petterson, member of the Swedish 3 
Geo-Technical Commission in 1914-1922. Location of the failure surface and — fi 

_ develo development of the statical analysis were facilitated by finding that the 

movement of the reference points indicated a common center for all ey 


moving in circular paths, and that the linear movement was tangential to the — 
Failure ‘surfaces for a Tatio of- — — are shown i in Fig. 3 38. It will be 


noted that that balancing effect the wanes wave is taken into email in Haines’ 
analysis and that one effect of this mud wave is to cause the failure surface to , 
move outward as settlement progresses. Statical analysis | of the surface in 7 


Fig. 38(a) was made to determine whether or not a given | section would be 
i initially stable, whereas analysis of surfaces, such as those in Fig. 38(6), as 
’ suming in succession vi various settlements, was made to determine how much — 
settlement could be ‘expected when initial stability | was not indicated. oa 
7 Fig. 38(b), Line BEO is the rae plane for 50% settlement; Line AEO is the “| 


q and, Line ACF is the mud wa wave for 75% settlement. Jird The s same kind of study 
was also made for trapezoidal embankment sections in order to make possible — 
2 oe |The: types of analysis indicated in Fig. 38 were planned on the assumption a 
‘that the half section of embankment tended to rotate about the center of the 
Greular sliding surface and _thereby caused a rotational movement of the 


foundation | material included within this surface and an movement 
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So a By equating the moments of the forces tending to cause motion with 


owe 


: ‘those tending to resist it, an expression was obtained relating the intensity of — 

at the line of the embankment with the cohesion or inherent 


i 


\dealized Mud Wave 


Fie. 38.—Surraces INVESTIGATED FOR EXTENT OF 


shearing strength required for a factor of safety of unity. This expression can a 
8e 


4 


the of settlement of the into’ the 
foundation material, the following formula, was derived: 
4 40 is a set of curves for the solution of Equation (8) for the assumptionof 
t 30% and 15% settlement. It will be noted that solutions for various stages — 


BS of construction are indicated from 25% of the final height of the embankment — 


Solution of settlement by the Haines method as indicated by 
‘ia - 39 and 40 involv 


he assumption is made that the material will settle to lity is 
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that additional however, may eventually modify te 


the foregoing g remarks has been made to three different methods 
ae ~ Sal analyzing the degree of stability of earth or rock-fill embankments, namely, _ 
Surgenson’ s method, the gelatin model-photo-elastic method, and the Haines’ 
‘method. The experimental work described herein as the basis for development Be 3 

1 San the Haines method was performed under conditions similar to those assumed re 
by Jurgenson for so-called “rigid boundary” case, for which he 


> = 


@ 


which s= shearing stress; p = intensity of load at the line 

of the embankment; a = half the depth of the plastic foundation material; and, 5+ 

L = half the base width of the embankment. = | 
Since the publication of this formula” in 1934, , Jurgenson has presented 

: . & other discussions on this subject, but Equation (9) is still in current use toa ad | 

sufficient extent to warrant the followingcomment. = ha 

r Be It is believed that the clay 1 model indicated | the limit ¢ to to which some of Mr. Te 

Jurgenson’s assumptions are valid. These assumptions include neglect of the 

effect of the foundation material beyoud the toes of the embankment, 

the supposition that the surface between embankment and foundation 

7 remains plane during loading. It can be seen almost intuitively that variation 

in the ratio of will vary the extent to which these simplifying | 

affect the of Equation (9) to analysis. The work + 

with the clay ‘model indicates that, for ratios of 2 = 0.1, , Turgenson’ 8 nag 2M 


a Haines’ method are in substantial agreement as to the magnitude of the — 
_ shearing stress induced by a given intensity of embankment loading. ae 

f _ higher values of the ratio, however, a considerable divergence between the two 

a _ methods was noted. . It was also observed that when the depth term, a, is small ; 


= 


= ae re compared with L, the condition of simultaneous shear failure on an infinite — i 
Li number of surfaces in the plastic material is approached more closely than when — 
. iy ais comparatively large. In the latter case, evidence was obtained to indicate — 
Be a ft that shear failure occurs at a single point and, therefore, in giving ; the intensity — i 
, of stress at this point, Jurgenson’s formula (Equation (9)) does not indicate the = 
Mei full extent to which the foundation can carry load, due to the redistribution of 
following point failure. against this so-called “point failure stress”, 
a EF Haines’ method is believed to show the total resistance of the underground, or 
might be termed the “total failure stress”, 
The argument just presented applies also in the case of the previously 
gelatin model-photo-elastic method. This method, ‘except, when 
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STABILITY OF EMBANKMENT 


in the qualitative studies first mentioned, was utilized in the 
_ Laboratory i in the same general way as that developed in the Zanesville, Ohio, mt - 
- Soils Laboratory, in consultation with Fred. L. Plummer, M. Am. Soe. C, E. a = 
The procedure used was briefly a as follows: Ina glass-sided flume, melted gelatin ie 
an 
was poured to a given ‘height and allow ed to solidify in order to repeeadan the a. 


was represented by up lead shot on the solidified ina 
7 triangular shape of such proportions that its base width had the same relation z 
- to the depth of the gelatin as obtained in the prototype between the base of the _ 

— dam and the depth of the plastic f foundation. When placed between a ae 


hee 


and an analyzer of the type shown in F ig. 33, the completed model indicated the ot 

distribution and magnitude of shearing otzess created i in the gelatin by means of i 

y re As previously implied, this type of study showed that the induced shearing ed 

_ stress under the dam reached a maximum intensity at one central point or 7: 4 

_ two points symmetrically disposed with respect to the embankment center line. is og 

_ Increase of load after reaching a condition of point stress equal to the shearing ip 

- strength of the gelatin led (as expected) to a transfer of stress to adie i oe 

material. This process continued until total failure took place, if the load was a | 

increased sufficiently, but at no time could the total capacity « of the foundation | 8 

determined as a function of its unit shearing strength. | 

_ The foregoing method of performing the photo-elastic-gelatin model study — a i 

is open to criticism on several counts, such as the use of lead shot to represent { 7s 

- the embankment. In this particular case, the force of this criticism is lessened “4 

by the fact that the character of embankment and foundation was actually as 7 i 

7 dissimilar in the prototype as in the model, but in any case, the observed Ct 

A transfer of stress during i increase of load is believed to be characteristic of the ae a 

34 type of action to be expected in actual construction, = i, 

a In consideration of the foregoing comments, the conclusion was — that ‘a of 

the mode of failure of plastic material changes to such an extent with the ratio, | a 

3 » that a str a straight-line e equation, such as Equation | (9), can be used only within =" 

relatively close limits, In connection» with his “infinite depth” case for which 

1 

plate. P “computes that the total load which such | 

plate can carry exceeds the load which causes “point failure” by about 80 ; ' 

In « cases Ww here the major consideration is analysis for initial stability, the 

graphical comparison of the three methods shown in Fig. 41 may be of interest. 1 

his set of curves the for each method between the ration, 5 


and +. B assuming ng that a particular structure with fixed height t and | bese 
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is being this plot gives, dirty, t the variation of the stress 
_ indueed by such a structure if built on clay deposits of different depths. 
~— Jurgenson’ s “rigid boundary” ” case plots as a 45 ° line, of course, until it inter- 
is “infinite depth” case at a value 25 06. this intersec- 


curve showing a more gradual from the “rigid boundary” case to 


Jurgenson “Infinite Depth” Case 


Assumed “Total Failure” Stress for 


Jurgenson “Infinite Depth” Case 
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Fic. 41.—Loap, CuRVES FOR TRIANGULAR EMBANKMENTS; = 


“infinite depth” case. a he cu curve for Haines’ method of analyzing ie stability, 
ce triangular embankment sections may be seen to follow Jurgenson’s “rigid _ 
boundary” case quite closely up to the ratio, = = 0.10. — Beyond += 0. 15, it 


deviates a abru ptly, however, and flattens out into what amounts to an “infinite | 


x depth” case at a much lower value of — 


the “total failure” stress throughout, ‘this is is not surprising, ever. it 

ob admitted that Jurgenson’ s “infinite depth” case has a factor of safety in the - 

_— order of magnitude of 1.8, as indicated by the example of the rigid yy 7 
plate, a a correction could be made, as shown by the dotted line. It is very 


interesting and significant to note how close this line is to that for the Haines 7 = 


“yy In the field in in which Mr. Jurgenson’s method and the phte-eeatio— 


-elatin-model | ‘method have fe previously served, it is believed d that the Haines 
more gener is not 
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= 0.1 and it is more consistent in the ae 

that it gives the ‘‘total failure” stress as previously defined, 
_ The particular claim made for the Haines method, however, is that it can be ts I 
’ extended beyond the field of usefulness of the other types. It is believed d that eee 
_ work similar to that reported herein may attract the attention of engineers to I 
_ the possibility of effecting economy in earth construction work by allowing ee — 
artificial fills to sink into relatively soft and shallow foundations, rather than . ] 
_ trying to attain stability b by flattening the side slopes of such | structures, oh 4 
‘cases where a real economy is indicated bya adopting this plan, as was the case at a = 
Passamaquoddy, the methods of Jurgenson and the gelatin-model study are of 
4 little, if any, value. The method developed by Haines, however, can be used for ; , 
just such cases me as far as the writer knows 8, is the only method available _ 
for complete analysis for proposed earth embankments, since by its use investi- 7 an 
i gation of the stability of such structures during all stages of construction is i pu 
i possible, and prediction of the extent of settlement which will occur due to shear | ? a 
_ failure of the underground may be made if such settlement is to be allowed. at 
t Estimate of settlement of this nature, of course, is essential to the calculation of — sg 


the total cost of structures in which subsidence is anticipated. — | 
Ma It will be observed that in this paper much of the detail of the Haines <a 
: . analysis has been omitted although full particulars are given in the Passama- — 
A quoddy Tidal Power Development ‘ “Report of Soils Laboratory” dated a 


* September 1, 1936. This is due to a realization of the fact that the a ney 
’ 7 experimentation was performed with the objective of obtaining qualitative 4 ai 
a results applicable to one rather unusual type of problem. © Since curtailment of 


activity on the Passamaquoddy Project took effect before all the intended 
studies of this nature were completed, it is considered advisable at this timeto _ 
_ present only the general character of this research. It is hoped that this rather - 
non-technical presentation will stimulate discussion and further study leading ae 


eis to a complete and satisfactory solution of the indicated problem. ey . 


ty 


In connection with cohesionless, uncompacted e earth or rock-fill embank- — 


_ ft ments founded on cohesive soil, model studies indicate that ree 
. “a settlement resulting from shear failure and lateral displacement of the founda- 
a, tion material will take the form of the so-called “heart shape”. By citing the _ 4 

specific case of the two large dams proposed for the Patsnmannediy’ Project, ‘ 
attention i is the m e instances of effecting economy in 


flattening side in an effort to prevent over-stress to such | an extent that 


excess materialisrequired, 
need for development of a comprehensive method of stress s and 


‘ment analysis for earth and rock-fill dams is indicated by a discussion of some bn 4 
ay ailable methods, and the so-called Haines method is outlined in general terms As é 
a lead to further study and consideration of this subject. 
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ae _ The investigations described herein \ were pursued as part of the study of a 
Passamaquoddy Tidal Power Project, under the direction of the Eastport, Me., 
no of the U.S. Corps of Engineers; ‘Maj. Gen. E. M. Markham, U. 8. Army, 
- Chief of Engineers, U. S. Army, M. Am. Soe. C. E.; Lieut. Col. Philip a 
‘Fleming, U. 8. of Engineers, was District Engineer, 
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/SETTLEMENT OF STRUCTURES 

aT 

AND METHODS OF OBSERVATIONS 

By CHARLES -TERZAGHI,* M. AM. Soc. 


+ The cuaiteni and results of settlement observations on several structures i in 4 a 
 Burope, selected to illustrate accurately, the behavior of structures on va various 
4 types of compressible ground, are described in this paper. . Particularly, | | 
emphasis i is given to the observations of settlements of buildings on pil founla> a 
tae and ‘the | ‘comparison between the settlement of individual piles under 4 
load tests with that of the entire pile foundation. 
The form of the settlement diagrams with ground conditions and loadings ian 

isr s recommended as as a to be followed. The instruments and bench- marks 


will Suggest themselves to engineers. 


cn shouid permit the observation of very small settlements a as 


are valuable in in computing future settlements. a? 


‘The observations are the result of studies extending over a 10-yr r period; 


they: were supervised by the writer and supported by | contributions made “a 

~ the Committee of the Society on Earths and Foundations. 


~ greatest pressure exerted 0 on the soil should not exceed a certain value, called 


load | per pile should | not exceed the “‘safe load. a Both types of foundations 
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- are subject to settlement. _ If the loaded stratum consists exclusively of sand mt 
or gravel, the settlement censes within a few weeks or months after construction ff 
is finished. In this ca: case the settlement can be expressed _ by a single set of At 
recorded data or by a contour map showing the lines of equal settlement repre Po 
s senting the subsidence of the loaded area after the settlement stopped. On the § 


a other hand, if the settlement i is s due | to an increase e of the loa load on a bed of clay, 
_ can be recorded only by time-settlement curves, or - by means of a set of 
, ri contour maps showing the settlement at different times after construction was 


At present, there is no method of predicting of buildings on & 
_ sand or gravel foundation and the prospects for discovering such a method are 


_Notge.—The Committee of the Society on Earths and Foundations, selected the 
tures as one of several for study and research. This paper, reporting an investigation sponsored = 
* Committee, was submitted to the Committee by its author, and the Committee has reeommde ite 

publication asapartofthisSymposium. = | 


Dr. Ing,; Prof., Hochsehule, Vi ienna, Austria. 
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vey No method of ‘settlement can be unless its 
Saari is demonstrated by numerous settlement records obtained under very 
different practical conditions and no such collection of records has ever been 
presented. — Current procedures for predicting the settlement of buildings on 
lay fo foundations are more promising; and, yet, according to reports,™ the appli- 
cation of these methods requires elaborate investigations and is limited to 
important structures. In every other case the engineer must estimate 
element on the basis of previous experience. Such experience can be 

quired only by ‘systematic settlement observations. Considering the prese 
state of knowledge in the field of foundations, the settlement observations 
i _ by far the most im portant ty pe of research. | _The results of a 


repeatedly. Any for the practical of a new method should 
ob) include not only a detailed statement of several settlement forecasts, but also 
the results of adequate settlement « observations, including the magnitude, the 
a _ distribution, and the time rate of the settlement for the 


In his earlier attempts to collect settlement data, we writer met with the 
ollowing: difficulties: (a) Most of the reference po points (which consisted of bolts — 
embedded in the masonry) disappeared during or immediately after construc- 
tion; (6) in buildings with numerous partition walls the measurements within — 
the bellding were difficult and not sufficiently accurate; and finally (c) the 
number of observation points was not great enough to permit the reliable con- 
struction of curves of equal settlement. In order to eliminate these difficulties ; 

the writer devised a new type of reference point shown in Fig. 42. It. ee . - 
of ashort piece of pipe, which is entirely embedded in the masonry (Fig. 42(a)). _ 
Normally, the opening of this pipe is closed by means of a brass plug, the outer — 
surface being flush with the wall. . In order to make a settlement observation, | 
the plug is removed and temporarily replaced by a cylindrical piece such as that | = 
shown in Fig. 42(b). ie es ip Hohe are made not with a level, but by means — 


‘position of the w level is by means of the micrometer screw shown 
5 in Fig. 42(d). _ The vertical distances , Ze i in Fig. 42(c) are always the same for — 

a both tubes, and the e distances, Z,and Zs, are measured by means | of the microm- 
eter | screw. Hence, the difference between the elevation of the two reference 
points is equal toAZ= Z,.-—2Z, A careful survey of the errors of observation _ 
performed by Professor H. Léschner, in Brunn, Austria, has shown the 


Inorder to obtain a reliable conception of the distribution of the 


2 over the area , occupied by the building, at least one reference point should be © 
established for each 200 sq ft of this area. At least, one-third of all the points — 
e should be within the building. All the recent settlement data embodied in the | 3 
bs following paragraphs were obtained by means of the device shown in Fig. 42. _ 


Proceedings, Conference on Soil Mechanics, 1936. 


zur Messung von Setzufigen nach dem von Professor Ter- 
"by H hner far Instrumentenkunde, Vol. 56, July, 1 1936, Heft 4 
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: structure, the levels must be referred to a bench-mark that does not move, 
‘Usually, this bench-mark is established on some existing building at ; 8 distance 
of 100 or 200 ft from the structure under observation. If no reliable: settlement 
record is available for this building, at least two bench-marks should be estab- _ 
lished on buildings, located on different sides of the structure under observation. d 
Passi a Fig. 43 shows the curves of equal settlement of a group of factory buildings 
for the year 1934. Construction was finished in 1929 and the observations — 
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Fic. 42.—Dervice ror ACCURATE MEASUREMENT OF SETTLEMENT one 


= begun early in 1930. The values that appear within the o-areen oleae 
_ by the buildings represent the extreme limits for the load, in tons per square 
foot of the area, after construction was finished. The buildings are situated on 
~ astratum of very stiff tertiary clay, more than 600 ft thick, and the bench-mark — 
was established in a limestone quarry in the vicinity of the plant. The com- 
os biti of the clay decreases to a depth of about 25 ft below the surface’ 
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and the between the baildings is N leverthe- 


less, the settlement extends over the entire area occupied by the plant. — The rat 


—_- Limits of Load in Tons per Square Foot of Are: E ‘ 
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Curves OF SETTLEMENT Arrzr 4.5 YEARs; oF ‘Factory 

my Buripines ConsTrRucrep IN 1929 (OsseRVATIONS BrGaNn 1930 


contour interval i in Fig. 43 is 5 and 10 mm, the equivalent values, in inches, _ 

0. 


3.15 


circumference of the buildings the radial width of the ‘ghaded area 
- the settlement. The diagram shows plainly the influence of the weight of each _ 
structure on the ‘settlement of adjacent structures, particularly the units toward — 


om 


- right. The 1932 Progress Report of the Committee on Earths and Founda- — 
a - tions contains a brief mention of this case, including a section through the soil.”” i 

oat Due to the inevitable subsidence in the vicinity of the loaded area, the short oa 
- distance between the bench-mark (Fig. 42) should never be nearer the building az 
_ under observation than twice the width of the building. If this distance ex- 
7 ~ ceeds 100 ft, it is advisable to establish intermediate points of observation. 

_ Each set of levels should be carried back to the point where it began and the = 


_ Settlement record should contain the ultimate error. With few exceptions, the 
1982, 'Kritische Betrachtung von Flach-und- Pfahlgriindungen,” W. Loos, Berlin, Julius Springer, 


Proceedings, Am. Soc. C. E., May, 1933, p 
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| 
observations pow by the writer us using the device shown in Fig. 42 heii os 


made in rather inaccessible cellars with walls; and 


ultimate error has never | exceeded 0.02 in. 


- ia _ entire city or a — of it is situated above a bed of silt or clay a a 


SETTLEMENT OF STRUCTURES IN EUROPE 


= 


- xpected. In Cambridge, Mass., the entire area on both sides of Massachusetts 7 
Avenue, settled from 1869 to 1909 (a period of 40 yr) through distances ranging — 


— 7 between zero and 2 ft. a A similar general subsidence was found to have oc 
curred i in San Francisco, ‘Calif., in the district Market Street. From 


tween the snail ive nw ard movement and the downward movement of the 
newly constructed building. order to obtain the actual settlement it would 
be necessary. to establish a bench-mark at the bottom of a drill hole which ex a 
_ tends through the entire system of unconsolidated strata to bed-rock. Sucha — 
bench-mark was established in Cambridge, -Mass., at a depth of about 125 ft 
a below the surface. } Such bench-marks would also facilitate the collection of 
+ data concerning the general subsidence of the area occupied by a city. It 
should be the duty of municipal engineering departments to keep records of 
de od) SETTLEMENT OF Pie F OUNDATIONS ail 
Observations made in Vienna, a, Austria, : refer exclusively to foundations 
conical, cast-in- -place piles with a length of about 20ft. They are arranged in 
two or three rows beneath continuous footings. ‘The top-soil stratum usually 
af consists of a loose, loamy, artificial fill and the piles get their support in & 


é 28** Boston Foundations,” ad J. R. Worcester, M. Am. Soc. C. E., Journal, Boston Soc. of Civ. sii 


January, 1914 
“Subsidence and ‘the F Foundation Problem i in San Francisco,” ” San Francioco Section, Am. Soe. C.E. 
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SETTLEMENT OF STRUCTURES IN EUROPE 
stratum of firm sand and gravel or very stiff clay of great thickness. The ge “ae: 
~ Jogical conditions practically exclude the presence of soft strata at any depth — 
below the points of the piles. Before settlement observations were 


an individual According to this view, if all the piles are assigned 
Toads, the settlement of the entire foundation should be uniform. rt Observations _— 


the past few years have destroyed both illusions. ‘Figs. 45, 46, 


2 


_0.0 Ground 


38.00 Lower Edge of Grillagey 


and 47(a) example of observation. The building consists of 
brick walls with continuous footings, « 40 in. wide, , supported by two TOWS ¢ of 
conical piles. Each pile carries a load of about 24 tons. The upper curve in 4 
Fig. 46(0) shows the _— of a loading test on an individual pile, located at a 
Point P Pin Fig. 47(a). Under a load of | 24 tons a conical pile in Vienna very 
. seldom settles more than a fraction of a millimeter during the loading test, and re 
a ipadiing test on the pile at Point P merely confirmed this empirical rule; 


times the settlement of the individual pile the same load during 


— Settlement of = 
Omg — Test Pile During - 
Construction 


’ (b) COMPARISON OF SETTLEMENT 


VARIOUS PILES 


the loading test. It was by no means uniform, although each pile | carried the 
Se same load. The lower curve in Fig. 46(b) hewn the settlement of a point, H,, 

- immediately above the location of the test pile. Fig. 46(a) contains the time 

_ load diagram and the time-settlement curve for three typical points. ‘Fig. 47(a) 
a shows the curves of equal settlement during a period ¢ of six weeks and Se 


47(b) the same curves eleven weeks after the first observations yere made. 7 
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Since the time-settlement curves for various parts of the building are different a 

the shape of the curves of equal settlement changes although the distribution Sua 

of the load over the loaded area remains practically unaltered. 4 . 
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47.—Curves or Equat SerrueMent: (a) Pzriop; (b) 


“Fig. 48 illustrates another example of the settlement of a brick building with 
<a footings on conical piles. A section through the foundation is shown 
— Fig. 48(a). The piles were driven through a stratum of loose artificial fill into a 

al layer of of ‘well well compacted gravel. Fig. 48(b) shows the curves of equal settle 
_ ment, one year after construction. _ The greatest settlement in this case also is Be: 
* at least forty times greater than that i in a loading test with the working load. — 

_ When the cellar for the building was excavated thick bodies of masonry were 4 

encountered ¥ which extended through the artificial fill to the surface of the 

gravel bed. If part of the new walls had been made to rest on top of the old 
ones, rupture would have been inevitable. _ Therefore, it was necessary to cut 4 
through the old walls and to ) provide e an elastic support over | the entire ength - 
of the continuous footings. This detail is also shown in Fig. 48(a). 

Soil mechanics has made engineers realize that the settlement phenomens i 
‘shown i in Figs. 45 to 48 must be expected and that no simple relation can possibly a 
exist between the result of the loading test on the individual pile and the settle 
ment of the entire pile foundation, although the piles get their bearing in & firm 
stratum 0 of gravel. At the same time, there is very little hope of fir finding & 
- procedure for predicting the settlement of pile foundations of this particular — a, 


a type. Hence, an estimate can only be based on experience to be obtained by - 


us 
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systematic observations on foundations supported by piles, with different 
engths, driven to refusal in different types of strata. A No general conclusions © 
ean be derived from two or three sets of observations. Thus, in both cases, 
represented by Figs. 45 to 48, 
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7 Millimeter = (0.03937 In.) 


; driven into a bed of stiff clay, the initial settlements would undoubtedly have 
been smaller, but would have increased for many years, approaching values far 
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SETTLEMENT OF STRUCTURES IN EUROPE 


of. continuous footings designed on the basis of the customary “allowable soil 

pressure. Bs For that purpose eight buildings were equipped with reference 4 
- points immediately after their foundations were constructed. All = 
- buildings are of brick. The thickness of the lower parts of the walls ranges 
‘ between 20 and 30 in. and that of the upper part between 15 and 20 in. The 
} width of the footings ranges between 2 and 9 ft, and they are covered by the — 
4 ‘buildings between 4 000 and 20 000 sq ft. One of the structures (Building A, 
2 Fig. 49) is supported by a continuous slab, extending over the entire area coveted 


_ by the building. _ The larger structures are usually subdivided by expedite 


_ joints, from 50 to 80 ftapart. In doubtful cases the allowable ome pressure was 


oes ined by n means rot one or more standardized mig a8 Pa tests. All the essen- 
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Fig. 49. + Buildings EZ and K are in tons per pile. _ ¢ Reinforced vs Be slab. § Strip 


Piles driven to gray 


hecas ae oe diagrams, and the time-settlement diagrams are shown in Fig. 49. 


a _ In every soil profile the position of the base of the footings is indicated by 


a broken line. : In each diagram the three time-settlement curves correspond to 
the minimum, 
records: disclose the following remarkable facts: Although the pressure per u unit 


- tion of each building, the settlement is far from om being uniform. ! In this connee- 
ies ‘attention should be | called to the Progress report of the e Committee 9 


the maximum, and the average settlement, respectively. _ The a 


» Sa 


It seemed interesting to collect at leact some data concerning the 
— 
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— 
> 
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arths and Foundations®* which demonstrates that the se by 


ra uniform load on a circular area is also far from being uniform. The ratio 


~ between the largest and the smallest settlement of the buildings listed i in Table 6 


a ranges from 1.25 to about 7.00. The “allowable soil pressure” for the buildings: 


listed in T in Table 6 was selected on the basis of a standardized procedure and the ~ 
; thickness of the highly compressible | strata never exceeds about 20 f t. N Never- 
- theless, the average, settlement ranged between een the w vide limits of 0.25 in. and 


In Germany, t the the foundations for bridge piers are also based on standardized } 
c “allowable soil pressures”; and yet s since the bridges were built in very different i 


parts of a large country, the thickness of the compressible strata and, as a ‘ = 


consequence, the settlement of the structures, varies between considerably wider 
™- than it does in Vienna. Table 7 contains an abstract of data’ that have i: 
TABLE 7 7.—SETTLEMENT oF Piers GERMANY 


PRESSURE, IN | 

Tons oan INCHES 


9 Silt 

8 ‘| Clay, loess, loam, ete 

ge | Boulder clay, sand or gravel v 
Sand, gravel 


~ been collected b by L. Casagrande.** The settlement ranges between almost zero 
and more than 3 ft. In general, the settlements of the foundations on sand and» 2 


on boulder clay, were very small and stopped a short time after ‘construction 


Was completed, whereas the important settlement of foundations on clay and silt — 7 
and must be expected to increase for many years to come. 


p preceding statements hav re demonstrated that the limitation of sil a 


Pressure to the so-called “allowable” values by no means involves the limita- 
Be of the settlement to: a definite value. bs Experience i in estimating settlement 


It: a settles uniformly, no matter how much, the stresses in the 
_ members of the structure are not affected. _ Therefore, it was interesting to 
investigate the differential settlement of continuous footings which were de- 
signed on the basis of equal loads p per pile, or of a uniform soil pressure. 
«Rg. 50(a), Curve 1 represents the settlement of the straight front wall of the 
_ building discussed in connection with Figs. 45 to 47; Curve 2, the settlement of 
rear wall; and Curve 3, that of the middle wall. 
a Fig. 50(b) shows the distortion of the walls of the building sane by 
; Fig. 48. Curve 1 corresponds to the front wall of the building, Curve 2, to a 


Proceedings, Am. Soc. C. E., May, 1933, p. 812, Case F. 


“ Setzun 

2 gsbeobachtungen an Briickenbauten der Reichsautobahnen,’ * von L. Casagrande, Proceed- d- 

ngs, Assoc. for Bridge and Eng., Berlin, 1936. 


ge 
— 

oll 
é 

ee 
— 
The a 
j 
jon 
| 
a 
= 
88.50 
= 
pase 

od by — 
unit im 
unda- — 
ee OD = 


the outside wall toward the court, and Curve 3 refers to the wall that runs 

parallel to the front wall through the interior of the building. In both cases 4 

(Figs. 50(a) and 50(b)) the continuous footings were supported by almost equi- 

Geant piles in such a fashion that every pile carried practically the same load. 
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@) CURVES OF FIG. TRANSLATED TO SHOW | DISTINCTION 


"1 Fig. 50(c) shows the settlement of the continuous footings 0 of the wie of the Be 


4 buildings listed in Table 6 and of several other buildings. _ These footings are 

a ‘supported by the natural ground without the assistance of piles, and they were 

_ designed in such a fashion that the pressure per unit of area of the footing is 

uniform throughout. Fig. 50(d) was obtained from Rig. 50(c) by translating 

two com of each curve u p to the horizontal axis. As a Fig 
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shows the distortion of the walls is produced by y differential settlement. 
3 All the walls represented | by full black lines withstood the. deformation without 
racking. _ Asa supplement to this « diagram, two dotted curves were introduced. 
They represent the distortion of two of the walls of the building shown in rest 
which is supported by a massive Reni 
Br  eonerete slab, 4 ft thick. The 
tortion of these walls greater 
than a brick wall can stand, asevi- 
denced by the shearing « cracks. 
Wee The facts represented in Fig. _ 


lead to several interesting con-— 
engineers still believe, settlement is 
never uniform, although the load an 
dee pile or the load per unit of area 
a the soil is the same everywhere. 
Te none of the diagrams (except 
‘Fig. 48) do the curves of equal set- 
 tlement have any resemblance to 
= one would expect from the oe 


theory of the settlement: of loads) = 
supported by a homogeneous me- ; 
dium. Therefore, the differential 


2 sented by the diagrams i: is essentially 
due to local variations in the com- = 
pressibility of the loaded strata. 


The importance of these variations ns 


cannot possibly be appraised by stift 

a reasona expense, SETTLEMENT (Sze TaBLe 6) 
Hence, an estimate of the differ- 


—_— settlement must be based on previous experience and this experience can 
only be acquired by systematic settlement observations such as those de-— 
seribed herein. However, experience has shown that the erratic character of 
differential settlement i is limited to those cases in which the thickness of the | 
‘- highly compressible strata does not exceed 20 to 25 ft. _ The greater the thick- "° 
are of the highly compressible strata, the smaller becomes the difference be- 
_ tween the real differential settlement. and the settlement corresponding to , 
For a given degree of non- uniformity of the subsoil, oe 
oF differential settlement decreases with increasing stiffness of the walls. - Thus, in a 
“i the buildings discussed in connection with Figs. 45 and 48, the front wall (lower 
es boundary of the area occupied by the e building) i is straight and the corresponding, 
distortion, shown by Curve 1 to Fig. 50(a) is insignificant. On the other hand, 
the rigidity of the rear wall (upper boundary of the building lot in Figs. 45 ond _ 
# 48) is reduced by several corners, ¥ herefore, the differential settlement shown 
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¥ re Curve 2 in Fig. 50(a), is far more important. A comparison of f Figs. 48 and | a 
50(d) indicates similar relations between the rigidity of the walls and the im- 2 


portance of the differential settlement. The settlement of the stiff wall, 1, is a 
fara more uniform than that of Wall 3, which, in plan, represents a broken line, ‘ie 
_ Any | theoretical computation n of settlements is based on the : assumption that g 
the subsoil is uniform, at least in every horizontal direction. The non-uni- ‘: 
_ formity always i increases the differential settlement and its detrimental effects, 4 
_ The nature and the importance of the difference between theory and reality 4 


ean only be learned from settlement observations. Therefore, a practical ap- 
plication of the science of soil mechanics to settlement problems is not feasible =’ 
_ unless the theoretical research is associated with, and supplemented by, settle 
_ Differential settlement must be considered inevitable for every foundation, 
_unless the foundation is supported by solid 1 rock. Tle effect of the differential : % 


“ settlement. on the building depends to a large extent c on the type of construction, 


known settlement records how much distortion the ‘he different t types of construe 
‘tion can stand without any harm. The data shown in Fig. -50(d) represent a p> 
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Be If it is desired to keep the ‘settlement of a structure within specified | limits, 
the foundation must be carried at least to a certain minimum depth which de- 
pends, among other factors, on the nature and the thickness of the soil strata a 
beneath the building site. S ‘Similarly, if the settlement of an existing building — 
to be stopped by underpinning, such underpinning must be extended to 
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‘Fig. 53.—Mersop or Piactne, UNDERGROUND 


= tions can only be made by means of underground bench- marks; thati is, by means 7 
‘ of reference points established at the bottom of drill holes, : at different depths 
belowthe surface of the ground. 
"y as.. description of reference points of the type was presented by t the writer 
in 1930. Figs. 52 and 53 describe these reference points and show how to a 


<x ablish them for the purpose of ascertaining the seat of the settlement of a 
pile foundation above a bed of medium lay. method for constructing such 
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bow vols 
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Fic. ConcreTs with Riss, or (Sue a. 43) 


iz bench-marks in very soft clay was described in 1936 and — in ‘the City of 

_ Mexico, Mexico, by José A. Cuevas. An underground bench-mark similar to — 
that shown in Fig. 52(b) was established beneath one of the corners of the _ 
building marked “Silo” in Fig. 43, at a depth of 15 ft beneath the base of the _ 
foundation. As shown in Fig. 54, the building rests on a reinforced concrete _ 
slab strengthened by: ribs. Toa depth. of about 8 ft below the base of the slab 


the soil consists of a yellowish, weathered, rather. compressible clay. Beneath it 


7 


_ ®Die Tragfahigkeit von Pfahlgrindungen,” von Charles Terzaghi, Die Technik, 1930, Heft 31 und 34. 
Proceedings, International Conference on Soil Mechanics, No. 5, Cambridge, Mass., 
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clay was responsible for producing the total settlement of the struct Fig. 4 
~—~=B5 shows the results of the observations. v The excess water is squeezed from the 4 
_ clay, escaping through the layer of silt between the weathered clay and the base 
to the theory of consolidation, the he 
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clay ‘and the more e permeable 1 material and from there it should ‘proceed i in 1 
oe direction. This theoretical forecast was confirmed by the fact that 
- the settlement of the meegueipii reference point beneath Corner 44 began — 
~ about eight months after the beginning of the downward movement of Corner 
1 _ 44 of the building; and yet, during the following three years, the settlement of 
4 the underground | reference point became mene to almost one-half = as 
settl ement of the corresponding corner. 
No ‘method of soil investigation and of settlement computation can be ac- 


ee for practical use until the degree of accuracy of the results has been 
determined by experience. _ Such experience can be secured only by reliable 
= adequate settlement: observations. Therefore, the first and the most 
a urgent task in the establishment of a science of soil mechanics ‘consists ts in % 
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E. M. L. Enoer,*® R. J. Harry T. 
3 AL Marston,*° Georce Passwett,*® R. Proctor, 41 
np Lazarvs W HITE,“ MeEMBers, Soc. AND 


Gannon Gitzoy,* Assoc. M. Am. Soo. C. E. letter) —Realizing that 


| 


mostly i in and, in part, the United States. "These 
- tions have been valuable as a check on existing theories. © In some cases quite 
= the use of the Boussinesq equations to obtain internal pressures below 
the footing, and Professor Terzaghi’s equations of consolidation as determined _ 
Professor Terzaghi has devised a graphic ‘form of and a 
a diagrammatic method indicating conditions in the foundation and under- 
a ground which is compact and complete. He calls the compressible strata 


beneath the ‘settling structure the “ ‘seat of settlement” and the shape : as- 


tention to the over-emphasis previously made on the pressure at the base of | 4 
the footings; and he demonstrates by observation and calculation that most Bo 
of the observed settlements are due to compression of the uneotisolidated — 
a materials within the mass of the supporting underground ; and that the “ ‘seat a 
of settlement” may extend hundreds of feet in depth. be 
At the request of the writers, Professor Terzaghi has kindly 
: mM summary of of his wo work on settlements with particular attention to the methods | 
of obtaining accurate e observations, 2 and giving typical cases with a non-mathe- 
matical discussion. “© Particular attention is called to the failure to obtain 
uniform settlements, even when uniform loading of walls, ete, was closely 


; approximated, both in ‘the case of pile foundations and spread footings. a 


sumed by the base of the structure “the settlement trough”. He calls at- 


a r The writers believe that this contribution is of great value. _ They hope 4 
tha 
of 


» t t it will st stimulate discussion, and are e particularly ¢ desirous that other cases 
i 


observed | settlements be submitted, with complete data. 
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on the development of the tests, ‘reported i in his paper, by ; 

4 means of which he was able to determine qualitatively the nature of settlement 
ics the rock filland the underlying clay bed. 
ea _ Several points occur to” the writer in regard to the determination of the — 
safety of such a construction. ] The first of these relates to’ the fact that the : 
rupture surface lies almost entirely within the bed material. This condition is : 


characteristic when the material in the embankment has a high shear strength: 
; ‘in n comparison to the shear strength of the foundation material. dad sodiagige 
a _ The second point refers to the stability of such a structure. When the ro 
<i fill has been completed and movement of the clay ceases, there exists at that 
time a factor of safety of « one. ca This means that slight additional loading of the d 
fill would cause a resumption of flow in the clay bed. If the rock fill came to 
rest in part upon the rock stratum below the clay, stability would be ey 
increased. F urthermore, if the wave we ere counterweighted, stability. 
_ The “heart-shaped” failure surface, now that it is noticeable by the tests, is _ 
discernible from the theory of elasticity. A complete solution of the problem 
shown in Fig. 38, in which the foundation bed is loaded not only vertically but 
7 HEODORE T. Knapren,‘* M. Am. Soc. C. E. (by letter).— —In the light of — 
his personal experience with levee construction in this” region, the writer 
‘desires: to ) congratulate Mr. Buchanan on his accurate presentation of the 
Mississippi River levee problem. The soundness of the old design methods is 
se amply demonstrated by the success of the Mississippi levee system in the 1937 ae 
flood, just as the soundness of. the work of the Old Master Builders is demon- 4 
strated by the many ancient buildings that are standing to-day. — Precisely as 
" modern structural design has modified building practice, so will the rational 
_ methods of soil mechanics, under the leadership and guidance of experts, modify J 


levee construction and gradually transform it from an art to a science. 
Although it is true that most of the work on main line levees has bee 
completed, there is still much» to be done to provide adequate factor of 
8a safety a at the weak places in the existing ‘system and to construct the tributary 
extensions. It is hoped that there will be sufficient infiltration of the principles" 
expounded by 1 Mr. Buchanan into the various design staffs to insure the 
application « of rational design methods to the work yé yet to be done. Their best 
_ application is in the hands of these engineers who have, for years, carried on the +3 
design activities on the river. Familiar as they are with the ground conditions, — 
they can apply the rational | design methods with the conservatism that 
necessary where protection of life and property is involved. 2 


onvA 


fom The ideal condition would permit wide variations in design resulting in 8 
uniform factor of safety. Practical conditions and limitations of knowledge 
and its dissemination make the attainment of this condition a remote e object to + i 
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ad Fle of a - of mated factors discussed with the aim of clarifying some of the basic 

Ay _ First, examine the standard Mississippi River sections described as A, B, : 

- ie C in Table d- The A section is for a material containing 75% or more of 2 
clay, defined on the river as material finer than 0.005 mm. Although this: = 

eaten has never been discarded it was early learned by the field engineers — 

i levees, even of moderate height (15 to 20 ft), built of material in this —— 
gation, were not stable with slopes as steep as 1 on 3. On the other hand, such | tet 
- materials are so impervious that seepage never reaches the down-stream slope — 
except through pervious foundations. Actually, with such materials both 

__ Slopes should be the same, assuming foundations of similar material. = 
r Now, it will be noted that a river-side slope of 1 on 5 is provided forthe 
se, sections. = On analysis most of these materials will be stable with a slope of | a 
about 1 on 2, but in actuak experience wave wash has proved so troublesome _ 
with the usual fine cohesionless material of this class that this slope i is a practical © 
necessity unless slope paving is used. Most materials in this class are suffi- 
ciently pervious to establish the normal seepage gradient during a flood. “To 
provide stability without under- drainage the down-stream slope is, , properly, 
Ps quite flat. _ Greater economy and stability might be obtained by the use of | 
provisions, largely through selection of available materials. 
iit Most of the levees are actually of the intermediate or B classification and — 
a “the levee dimensions indicated are usually more than adequate; but they have * 
limited or inadequate safety fa factors i ina few pW cases, particularly as one limit tor r 
ant Mr. Buchanan has discussed the method used in foundation design where a 
comparison of stress versus strength i is used. He has indicated the limitations 
ee this method. ; More emphasis might well be placed on the photo-elastie 
method of stress analyses in particularly difficult cases. 
ot analyzing embankment stability Mr. Buchanan has used the sliding- 
surface method. The writer is inclined to believe that the inaccuracies of this 
_ method are such that it would be better to develop the stress-strength relation- _ 
ship in a manner similar to foundation design practice. The photo-elastic 
nh _ method offers one approach to this problem. _ Incidentally, where embankment 
and foundation materials are both of questionable strength the t two analyses 
should not be separated but should be treated as one problem. 
4 jell has been n the practice for a number of years to provide f for the installation : 
settlement gages (locally known as “‘crow’s feet”) as means of measuring 


“Means of detecting incipient foundation failure. Where foundation investi- 

: 4 gations have been made in advance an estimate of the rate of consolidation can 
be made and compared with actual settlement. If excessive settlement 
develops, incipient failure is indicated. In such a case immediate revision of 
design to prevent failure should be m made. Even where a foundation 
. analysis has not been made the behavior of these gages offers a good indication a 7 


foundation settlement for payment purposes. __ These gages offer an excellent 


ot of trouble to an experienced inspector, 
: BB A common indication of incipient foundation failure is an upheaval of — 


"ground surface | beyond the embankment toes. mh Prior to failure this movement a 4 
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NAPPEN ON APPLICATION OF SOIL MECHANICS 


usually i is : small; but it is seulany visible to the eye and can be detected j in 


cases by instrumental measurements. _ By the establishment of hubs in 
the critical reaches in advance of construction a check may be maintained on y 

_ the foundation condition. Likewise, embankment slides are indicated jn — 
advance by the bulging of embankment ‘slopes. ‘Instrumental checks can = 
detect such conditions in sufficient time to “permit. corrective measures to be ‘ 


--—-* Tt is realized that many of the construction methods permitted on levee e | 
work do not lend themselves to the application of these methods of detection. of 
probable failures. Some limitation on the method of construction in such eases : J 
may be advisable. _ Based on present-day hauling methods and costs there i is no : 
wv reason to believe that these limitations will result in ‘materially increased « costs, 
es _ With respect to the discussion of levee construction methods in the paper, _ 
- might be argued that an increase in cost of 4 cts to 6 cts per cu yd for com- — 
- paction would be m ore than offset by economies in section design. " However, 
it should be remembered that most of the levee work was executed before . 
present-day knowledge of soil mechanics had advanced to the point where t 
ie could « evaluate the improvement. It is the writer’s opinion that the general 
solution was sound for the time that it was made, but in it 


of the most troublesome problems in levee planning is ait 
location. Mr. Buchanan points out that considerations of economy ‘require 
that the material be obtained opposite, and as close as possible to, the proposed 


= e. He further states (see heading, “The Design of a Levee Unit”) that, 7 


ig important that no pits or excavations be made to 
44 the lev ees on the land-side to expose perv ious strata extending through to the i 


§ seepage, gether on and from destruction of the levee structure due to piping, 
possibly. Although in some instances, borrow-pits have been made on al 


land side, they are the source of never-ending 


Sa This policy has resulted in the use of river-side pits almost exclusively i in ae 

years. _ These pits are Separated generally f from the levee toe by a 40- ft berm. : 

At the edge « of the berm they are 3 ft deep and deepened from 2 ft to 4 ft in 
every hundred depending on the specification in each case. Below the mouth 4 

of the Red River slopes of 10 ft in 100 are permitted. One of the greatest fields — 
er. : for improvement i in levee design lies in the ‘application of the principles of soil : 

+, mechanics to borrow-pit location and design in connection with the hydraulic 

ire. The ‘Mississippi levees are built on, and of, alluvial soils. This means that y 
almost. every combination of sands, loams, and clays may be encountered. hh \ 


~ such cases the only restrictions on borrow- “pit depth need be stability and future 
enlargement considerations. More frequently the foundations are ‘stratified, 
a making a careful analysis of the problem most important. — a Often there is a 
_ layer er of loam overlying a a deep. sand stratum as in ‘Fig. 56(a). In this ¢ case be 
_ river-side borrow-pit cuts through the loam exposing the sand, which may be one os 


- hundred times as pervious as the loam. Here the head acting through the 
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ECHANIC 

pervious s sand on the loam stratum causes boils or piping at the land-side toe of 
the levee. This offers an explanation for many of the worst troubles on the | 
levee system. In time the borrow-pit will silt up in the small annual floods and a 
trouble tends to become less in succeeding large floods. 


Now, reverse this condition and put the borrow-pit on the land side as in ~~ 


Wi Fig. 56(b), taking care to excavate to the sand. The loss of head then occurs _ 


toa large extent in downward flow on the river side where it" can do no o harm. — 


| 


(b) LANDSIDE BORROW PITS 
ob this case the land-side pit is preferable. Now, land-side ‘specifications only — 
permit a a deepening | of 1 ft in 100; so the pit in this case would have a thin 
lok b of loam over the sand. The result would be in ay pit 
i the pervious ond foundation overlying an impervious stratum like the case 
te at Mound’ s Landing, where the treatment of a clay blanket extending to 
the impervious stratum was excellent. There are many other known weak 
spots in the system where a soil mechanics analysis should develop a solution 
whether it be by cut-off, blankets, c or r drainage. The important consideration 


3 probleme. “The present rigid borrow-pit requirements ‘should be modified by 
z individual | design studies based on the exploration borings described in the 
LF. Harza,’ M. Am. Soc. C. E. (by letter)—The need of a reliable © 
basis of stability analysis for foundations under earth embankments is very 
a ve great indeed. Much has been written and much research has been archon 
7 applicable to selection of suitable embenkment m materials and their compaction y; 
All this refinement in the embankment itself, however, amounts to little 
ne “wnles the foundation or underground is equally stable, or unless means exist for 
io interpreting laboratory tests of foundation material into’ degree of stability 
un under conditions of loading. Experience at Zanesville, Ohio, and elsewhere 
ms clearly indicates that knowledge and technique i in building artificial embank- | 
A ments has progress ed far beyond knowledge of whether a foundation will — 
f _ Properly support the embankment when built. In general, the foundation _ 


“Cons. and Pres., Hares Eng. Co., 
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"RICHARDSON ON APPLICATION OF SOIL MECHANICS 
must be accepted as it exists, and it is likely to be by far the w eaker and more 
uncertain element of the structure, subject to much greater settlement and 
Any foundation settlement which tends to cause cracks or in the 
- superstructure invites failure in the embankment. Data and methods of 
analysis should eventually become available for indicating the degree o 
flexibility of embankment sections and profiles for accommodating themselves _ 
to foundation settlement without cracking and for predicting such settlement 
from laboratory tests. If the Haines method, Tecommended by M Mr. Hough, ‘% 
tends in this direction it should be welcomed. 
rm His proposal to build dams of normal section, of cohesionless material, , on 
_ foundations too soft to support the load without flow, in lieu of dams of such 
os flat slopes as to avoid flow and thus limit distortion to vertical ‘compression, 1 is 


~ 


indeed very interesting. How ever, what might seem to be an obviously 
- feasible, economical, and safe procedure at the Passamaquoddy project might, 


with the very unique conditions, which seem t to justify it there, never find 
os It is scarcely conceivable that the new fill, in adjusting it itself to the outflow =| 
the soft foundation, could Settle without cracks and fissures. Moreover, 
where the new fill is required to sag in profile, the bottom also tending to spread 


with outflow of soft foundation, invisible fissures i in the bottom are probable, oy 


a ona forth through the pervious fill with each change of the tide until the <j 
_ structure is thoroughly settled and these cracks thus closed before applying the is 
o 7 less pervious blanket. Failure at this stage could not occur. In a normal fill — 
above water level, however, the final necessary readjustment of the fill to x 
settlement could probably not be accomplished without filling the reservoir. ge 
be distortion sufficient to accomplish such readjustment would seriously af 
_ endanger the aed of the fill — the readjustment period if the wii 
Tobe saaaliadiih the scheme would s seem to be dependent upon conditions i in 
anticipated settlement would be practically completed during con- 
is doubtful whether this could be except in a a submerged 


Epwarp Apams RICHARDSON, Esq. (by letter).—This discussion of the 
"paper by Mr. Hough will touch upon three subjects: (1) The proper stress to 
choose for the limiting shear in the case of plastic materials; (2) factors — 7 
- affecting the computation of the factor of safety of the foundation; and (3) 
for improving the of such foundations as suggested by the 
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ON APPLICATION OF 

diately lie isin resistance than the undisturbed material. It seems 
improper to base the design of a foundation on the strength of the fully 
remolded material rather than on that of the undisturbed material. _ tye ye 

ue Considerable kneading is required to convert the original clay body to the po 

a uniform, fully remolded condition. This is true even in the case of very soft pst 

4 clay. This amount of kneading appears to be greatly in excess of that which 


ia may be found in the most stressed elements of material beneath the foundation. ’. 

a Most of the material that flows plastically can scarcely be said to be subjected 

to appreciable kneading action. Such action is measured by the r relative 
movement or strain of adjacent particles of clay; : not by the distance moved by € 
the most traveled point of the plastic body as measured relative to a fixed 

* he on the boundary. That be being the case, it would appear that the proper 
value of the limiting shear stress for the plastic material should be closely that 

the undisturbed material. In view of the considerable differences i in this 


e most nearly spe actual conditions if an economical structure is to. 

The factor of safety is computed by the Haines analysis through an adapta- 

tion . of the method presented by K. E. Petterson, a member of the Swedish — 

: Geo-Technical Commission. Due references were made to the investigations by 
-Jurgenson** and Professor Dr. H. von Krey. In using similar methods, as a 
the case of sloping banks, it has been customary to apply loads to the surfaces 

i of the rotating segment and then to assume that such added loads increase the — 
friction of the sector on the surface of sliding, or at least contribute a friction — 

“force along this surface. In the case of dams, the friction force thus calculated — 
may be considerable. It should be noted that a plastic clay segment does not 

develop any friction due to such loads until time for consolidation has 

_ elapsed. ~ As this time may be long (perhaps nearly as long as the life. of ihe i 


-ealations . It will be recalled that any load added to clay is initially carried _, 
entirely by hydrostatic pressure in the contained water and not through par- | 
ide contacts; therefore, no friction force can be developed by the added load. © 
ae _ An approximation to the curved part of the surface of failure may be ob- 
tained in in the following manner: The equations for the shearing stresses involved _ 
_ are those for an elastic body of indefinite extent loaded at a point of the surface, 
and were derived from the corresponding case given by Mr. John Prescott.@ 
q “Such a derivation yields not only the p, of the Boussinesq theory, but also p., 
For reference ‘purposes, the formulas for - stress components at (x, y, 2) 
given herein, as Equations: (11) and (12). _ Only Equation (Llc) for p, is 


feipenly given. Fig. 57 may be used as a a diagram, with OY perpendicular 
the X-Z plane. 


"“The Shearing of Soils,” by Leo Jurgenson, Journal, Boston Soc. of 
ngrs., Vol. XXI, No. 3, July, 1934, p. 242. 


Applied by John Prescott, cone XIX, p Longmans, Green & 
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4 ON APPLICATION SomL “MECHANICS 
4 ponents are $1, and 83, the axes of likewise parallel to Ox, oY, 
and OZ, respectively. That is, the stresses for s, producing a torque component 
- about an axis parallel to OX, may be considered to lie in a plane, containing ; 


x r -—-2ry2-—6ry2 — 


al ul 
tad 


i: bal When y = 0, or OX is so chosen that the X-Z plane sok do r@ the case 


of Fig. 57 is obtained . Itshould be obvious that the ‘symmetry of point loading - 
- is such that all points having the co-ordinates, r, a, will have t the same stress 
a components on the plane, X-Z, chosen to contain r; hence Fig. 57 is a cross 


section upon which the stress system is fully shesantenionl for the entire body. a 


(r+ 2)? moor r 
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ON APPLICATION OF Som MECHANICS 
ny 


By combining point their stresses, it is known that solutions 
- approximating the present case may be obtained. The stresses in the soil will 
z be closely approximated — only when the entire soil mass behaves elastically | 
under the applied load and the earth i is of indefinitely great depth. he 
_ approximation may be good in those cases in which at least a portion of the 
earth is subjected to shearing stresses beyond the yield point of the material. 


Suggested 
Flow Line 


J 


6 


4 


1/ 4 


Puastic Regions Unper a Point Loan. 


~ In such cases, one may determine a surface of shearing f for the limiting shear 
values from point to point. This surface will set the boundary approximately — 
_ between the elastically strained material and that which is in the plastic con- 
iat eaten soc flow does or does not occur will depend upon other 


4 series of s- -values. As drawn, how ever, the boundary is determined by one— Eo 


- When the elastic body is a is a solid of great cohesive strength relative to the 

“force of sliding friction, the boundary between the elastic and the plastic 

2 ‘regions will approximate | very closely to the s-curve having the value of the a 

_ cohesive or shearing strength of the material. Treating Fig. 58 as repre- 
; sentative of such a material, Curve II suggests the character of surface defor- 


mation for elastic behavior, whereas Curve I suggests that for plastic flow when 
the elastic limit is exceeded = curves are purely diagrammatic. ama 
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RICHARDSON: on APPLICATION OF SOIL MECHAN 


Om, how ever, the elastic body is more like a soil body in having a cohesive — 


presen which may be small compared with frictional resistance throughout the 
stressed region, the procedure is more complicated. | a Friction increases with soil 
; == depth and depends upon the slope of the sliding surface, , whereas cohesion : 

remains substantially unchanged, or changes slightly. It is’ “necessary 
assign, to the soil, shearing resistance stresses, s,, appropriate to the z-values a 
investigated. Iti is also necessary to construct a set of constant (iso- ) shear “g 


Bex. 


curves for the stresses due to the load, with equal increments in s between _ Fi. 
adjacent curves, the set to cover a range of values. boundary 
‘surface i is then obtained by choosing a 2-v alue, noting the s,-value considered ae 

appropriate, and plotting this alue where the s-curves give its equal. 
ceeding in this manner, a number of points n may be located ‘and the curve hs 
3 drawn. The s,-values should now be checked. It is necessary to measure the * 
normal force on the curve, compute the friction force tangential to it, and add i 
= cohesive force. If the s,-values, so computed for the curve as drawn, hfe a 


check the assumed volun , the curve is really the probable surface of failure, on 
not, second aioroximetion must be made. It will be observed that this 
: procedure is similar to that of Haines, but differs in that Haines approaches the 

problem from the standpoint of choosing, by trial, the curve yielding the lowest ay 
factor of safety. Whereas the curve is virtually unknown in the 
Hala method, the stress method enables one to approximate the probable Z 


‘The ‘procedure used in drawing the iso-shear lines, or lines of 


_ shearing stress, is based on Equation (12f). _ It may be shown by differentiation — 
of Equation (lf), holding z constant, that the maximum shearing stress, 8, my 
whe when z = 0.52. The value of of maximum stress, 82, is. is denoted by 


“The value of the stress for any other value of 
may be found from Sm by using a factor, k; alt 


etniog: ai 138) 


= By: dividing s 82 by Sm, may be obtained in terms of 5° alone; therefore, | k applies 7 


— to any leve » 2, provide is the same: Lanier : 


In Fig. 57 the line of maximum shear n making the angle, 


a with OZ such that Su or tan 6; = 0.5000. The right circular cone with such 


“lines for elements is the locus of such maximum shear stresses, 3m, for the i 
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In Fig. 59, & has been plotted it in tom of? "Certain other lines numbered 
0 to 10 cross the chart parallel to located so 


the curve, s, is to be The first point may 
substituting s in Equation (13a) and solving for z. This point will lie at the — 


_ parts along OZ, pass horizontal lines through the points of division, and numbe 


n, from 0 the surface to 10 at the Now, 

kat Level n must have value of 0. 01 n’, n, in 59 


at n-level. It{merely remains to draw the 


s of 


Value 


59.— Vv 


at each of a set of points, and thereby build on a 
| propriate planes. In the case of a line loading of indefinite extent, this might 
be acenter plane perpendicular to the line. Integration is easy for s2. Such 
experience a principal shearing stress and, theretone, are critical, 


rvalue thus found and at x = 0.52. Divide this z-distance into ten equal 
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a passing, it should be satel at a Que plastic body. may have higher 
shear stresses within it than the limiting s shear stress for the material. Further- 
more, a plastic body, restrained from flowing, cannot support a greater shear 
stress. That part of the stress system producing the limiting stress in the — 
elastic body remains 1s unchanged in the plastic body. _ The excess stresses are 
purely” direct in the case of the non- -flowing plastic body This shift in the 
7 _ character of the direct stresses tends to modify the shape of the surface bounding 
the | plastic region, because the surface computed in Fig. 58 involves the as- 
7 Ricinaeay of pure elastic stressing, and direct pressures on the corresponding 


_TABL E 8.—VaLuzs OF ky FOR SUBSTITUTION ror Equa ATION (12) 


Coefficient, k Coefficient, 


ak 


0.9025 


1. 
1. 
1. 
2.8 


surface. ‘The shift in the boundary should not be great, however. Whenthe 
a plastic material flows, the stress system in the plastic portion is intermediate ; 


176 
293 


between the elastic and the eeu; plastic cases, and, therefore, should 

7 ‘¥ result in even less s boundary shift. t. Plastic flow requires higher shearing stresses 

~ than the limiting o ones since the rate of flow is . proportional to the shearing stress 
a Methods such as the foregoing are useful in checking the Haines nia eS 

§ Since the elastic equations are approximately applicable even if the elastic body - 


a the point at which the surface of failure touches the rock boundary for some 


a consists of two layers of differing properties, it should yield useful results up to a 


This. should tie the problem raised by Mr. Hough ‘more firmly 
into the entire body of results thus far obtained in earth mechanics. 

; The limiting shear value will be based on the cohesion of the material it Ps 
= ‘aha friction due to the direct pressure, making due allowance for the degree of < 
a consolidation, but the designer must disregard the value of the load, P, which, 
__ as before stated, can contribute nothing to the friction force. The force of this 
argument may better be appreciated by reference to Fig. 60(a), which shows the — 

variation of the coefficient of friction, based on the pressure, p, when both | 
friction and cohesion are considered, provided the clay is considered fully — 
consolidated for the actual value of pu used. - Fig. 60(b) applies if the clay i is not 


=f coefficient of friction (based on the full applied load) and the degree of con- 
solidation under that load. For all the a straight 


z 


jae 


wes 


— 


— 


— 
— 
a! 
— 
Ratio 
4 
— = 
— 
| 
— i 
ar 
ir 
43 


— 


é 


oN APPLICATION | OF MECHANIO 


o A sudden application of pressure is equivalent toa sudden reduction in in 
the degree of consolidation. There have been a number of cases in which the — 
- disregard of of such principles has resulted in failure. The coefficient of friction 
~ enables one one to calculate the limiting shear for the direct pressure acting. — hoe 
i This Symposium is related primarily to dams and other structures erected 


| onthe surface of soft oaeagunen with the idea of permitting the structures tosink — 


— = 


equilibrium. 


TAL 


= 


0 


- much more economnienl to sluice and dredge soft material into the position \ where 
the “mud waves” must form. The cross-section of these waves appears to be 
, “much less than that of the dam or other structural material which must be lost. 
_ by the sinking action. With mud waves formed in place in excess of the sizes 


_ shown, the structures erected on the surface of the ‘soft body should remain — 


- gabstantially at that surface without any sinking action. The question of | 
‘protecting the “waves” from erosion exists in either case. = 


Ricuarps M. ‘Srrout,® M. Soc. C. _E. (by letter).—The application 
_ of soil mechanics to levee design, as described by Mr. Buchanan, is eee ; 
helpful to those interested in levee problems. 


lene In discussing the importance o of seepage through the levee, reference is _ 


made to Fig. 10, in which the path of percolation is 29 + 217 X 30.48, * 


2 
os = 6675 cm long. The time required for water to seep this distance at the — 


tate, K = 

the maximum high- water stages do not extend over & period of more »than 
a.) days, it would appear that seepage could not be developed through such a 4 

a Necessity for constructing a levee on a foundation similar to that shown in a 
_ ‘Fig. 61 frequently arises. _ Water from the river side readily finds access to the — 

_ pervious sub-stratum. - ‘The quantity of percolation is found approximately by 
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which is the equivalent o of Darey’ 8 ‘formula (published in Paris, 1858): 


‘The height to wtleh Ww water bomen rise above the pervi ious stratum on on * land 

= for conditions of free flowis, 

= 
= hereas, for static conditions, the uplift on the natural blanket i is rat 


= to hi. — here it is possible to permit nominal steed on the land side 


"Path of Percolation=L: 


of the upward the blanket can be controlled. 


_ By permitting discharge on the surface of the blanket, h2 becomes equal t tot, 


x = linear foot of the levee. _ This quantity will be rather small, and it appears 


: ‘The width, wv, of the blanket on the river side of the levee i is of importance — 
gt reducing percolation under the levee, Q being inversely proportional to L. 
-. It is the practice in levee building to secure the embankment material from d 
_ borrow-pits in front of the levee, leaving a berm with a minimum width of 
40 ft. Where the depth of the borrow-pit materially reduces the thickness, 
_ of the ‘matetal blanket, it appears worth while to increase the berm width. we 


P. Creacer,® M. . Am. Soc. C. E. (by letter). —The theories of 
, soil mechanics, as applied to the design of dams, are frequently quite co complex. 4 
_ Mr. Buchanan has made an excellent summary of the fundamental principles ‘ 
involved; but, on account of the limitations in space for a paper of this kind, 
he has not been able to do more than give a hint of some of the extent of the 


Cons. Engr., 


Unpublished analysis of seepage, by Terzaghi, M. Am. Soc. C. B. 


more practical to ¢ control this flow than to try to prevent it. yee aie 
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_eedre ne necessary for many cases. The only criticism which ‘the writer 
- ean give regarding this paper is the lack of indication that, in some instances, 
the procedure involved is not as simple and direct as shown by the examples» 
given. As examples of lack of simplicity in designs the writer gives two cases" 


4 ~ (1) The design of the slopes of any dam is not complete without the inclusion — 


E of seepage forces. This has been mentioned only | briefly in this paper, and the 
- impression has been given that the consideration of such forces must wait on — 
: “further research.” A number of excellent papers, involving the consideration — 
of such forces, were presented at the Second Congress on Large L Dams held in | 
ie Washington, D. C., in 1936. Mr. Bu Buchanan’s example is lacking in in 
The of the foundations, as used in the example (see 


foundation is not completely some of the weight is carried dby 
- the ~— in the foundation and part of the ultimate frictional resistance to 


Item © of the example should be etiam experimentally on n the basis of 


the correct amount of partial consolidation when the dam is first completed. ws 
B A Attention is also called to ‘the following comments on the paper by Mr. 


- Hough, regarding the necessary modification to foundation stability equations 
- _ Mr. Hough has presented a an excellent paper which, among other interesting © 

i items, describes a proposed method of construction that is unique in the annals 
: of dams. _ He has mentioned one limitation to y photo-elastic model studies. a 
The writer would like to mention another limitation. 


In the case of a saturated-foundation which has consolidated only partly 
- during the construction of the dam, a part of the weight of the dam is carried 
_ bya direct loading of the soil of the foundation and the remainder i is carried by - 


the hydrostatic pressure of the pore water in the foundation. _ ‘The hydrostatic J 


; : pressure in the foundation, which ‘is built up by, and equals, that ‘Part 0 of the Bi 


and forces the ‘surplus water to drain | off in all directions with velocities pro- 


portional to the lengths of the various paths: of percolation. to the nearest if 


ce Fig. 62(a) represents a pervious sand dam resting on a layer of silty clay oi 


= which, in turn, is underlaid by per pervious sand, The water in the = a 


= drains almost directly upward and Decrease the pervious- 


impervious, all the would be horizontal dia 
3 grag bottom adjacent to the dam, a 
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FELD ON 1A SOIL 
_ impervious | ‘coating of asphaltum to prevent drying out and slaking of the shale 
4 during construction. The drainage is downward at the center and horizontal _ 


inclined upward at the edges of the base. jon » 


It will be noticed that, in all practical cases, some part of the drainage is 
7 horizontal and upward toward the sides of the foundation i in the direction tee 
if the foundation should prove weak. 
_ The entire hy drostatic pressure in the foundation i is balanced by the friction 
4 of the water in the direction ¢ of flow, the ‘pressure « decreasing to zero at the G 


SS 


Pervious = 


Semi-Pervious Layer Silty Clay A. 


downward direction than in a horizontal or ‘diagonally upward direction, in — 


the direction of failure. For this reason, the photo-elastic method and, 


the commonly accepted d and formulas are not a applicable 


for the condition of partial consolidation of the foundation. | Unfortunately 
the writer does not! have | at present a solution for this special case. He presents 
it for the purpose of stimulating interest in the problem and as a thought bia ; 
Jacos Fer ELD,* Am. Soc. letter). —Seldom in engine 
; work i is there an opportunity for full-scale research such as is av ailable to the ; 
W aterways- Experiment Station. Results cannot be expected imme- 


diately, but only from a continuous study over many years. The main 


. problems are the determination of settlement : and seepage, | using variations 
= of material combinations, not only at the end of and during construction opera- s 
tions, but the effect of age, sescrapes. flood levels, precipitation intensities, “ 
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APPLAOATION OF SOIL 


4 because of the fairly heintoue of soils available fc for r use, solutions covering — 
ag considerable range | of time and weather conditions can be expected from a 
It would be sound engineering as well as sound economics to design and 
o "contract for a series of test sections, using controlled soil mixtures and con- — 
struction methods. In such a test group, attempts should be made to study 7 
the use of colloidal material from the river bottom as a rte nanan Hl 
|= to give added | resistance to seepage until such time as as ; the settlement o of — 
the fill reduces the seepage rate through the full section. 
ri Systematic laboratory research can be of great aid in lessening the cost of 
 full-seale tests. _ As far as seepage is concerned, such work as that of B. A 
 Bakhmeteff, M. Am. Soc. C. E., and N. V. Feodoroff® ¢ gives a a clear r picture at. ate 
the problem as well as a mathematical cuien sal a number of conditions — 
encountered i in levee and dam design. bat 
Little has been learned of the i impervious region at the contact zone between — 
layers of different grain size and shape. The contact lens or skin is denser, — 
* less pervious, and of greater bearing value than either of the adjacent materials. 7 
F zones are often found in river - beds, just | below the shifting layer of 
sediment. Below this may be much more pervious strata. _ Cutting through — 
this zone, whether on the land side or on the river side of a levee, in a borrow- 


pit, exposes the subsoil under the levee to excessive pressure. the  borrow- 

pit is on the land side, the added weight of the levee and the opening of the | 

porous strata permit a ready squeezing out of the subsoil moisture with con-— 
7 sequent rapid settlement and slumping of the fill. If the borrow-pit is on the 
river side, high water causes a sudden increase in upward pressure, which cannot 
i dissipated because of the impervious continuous layer on the land side. __ 


_ In the example of design which Mr. Buchanan illustrates by Figs. 8, 9, 10, 7 


and Table 3, the assumption of a cylindrical surface of rupture starting at the 
. top of the slope is not necessarily the true failure picture. More often, failure — 
_ occurs by slippage of a dome section, with a vertical surface intersecting the 

~ original slope. In the design of the foundations, the assumption is made that 
4 the added weight is distributed uniformly, no allowance being made —— 

lateral flow of the subsoil. ¥ As has been proved by experiments, the —— 


< added pressure e is not under the highest point of the fill. Item (e), (see heading, z 
/ “Foundations”) giving the necessary base width (348 ft), assumes that a 

-_ uniform added base pressure results from the levee load over the entire width — 
4 the base, that there is no lateral distribution of loading below the base of 
2 levee, and that the strength of the foundation material i is not affected by 
- the loading above. None of these assumptions is true. _ Uniform added base — 
ogy would result only ‘from a uniform depth of fill, unlimited i in all diree- 
tions, There would be no lateral distribution of loading below the base of the 
tit only if the material had @ zero internal friction coefficient. a _ The ‘strength 


‘ Bs It is unfortunate that the sudden decision to abandon the “hewmebotie 
ae ended the study of foundations for rock-fill dams, as reported by Mr. ” 
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ON APPLICATION OF SOIL MECHANICS 
’ Hough. _ The report of the work done is of value for future - studies, but the 
writer cannot agree that it has any value in regard to a solution of the founda-— ' 
tion design f¢ for the proposed dams. The chief reason is that tl the later effect A 
of the impervious blanket, a much greater weight than the rock-fill | section, = 
_ was not considered. Allowing the foundation material to re-adjust itself — 
and build up resistance to support the ‘Tock- fill and then hope that the later ae 
addition of about 80 to 100 ft of i impervious blanket fill on one slope of the . 
rock-fill could also be carried by the original adjustment, is somewhat opti- _ 
mistic. References to the work of Carlo Barberis,® at Spezia, Italy, as well # 
_ as to similar works® in Valparaiso, Chile, and also by Sakamoto ani Takanishi® 
in Kobe, Japan, would certainly have been of assistance. In the foregoing — 
three references, similar dams and wharves have been described built on mud — 
or soft clay foundations : by the aid of | a “floating foundation” of fine ‘sand 


‘pumped into place. ‘The combination of mud and sand has proved a proper, 

at e of interest to mention tha in _ e making some studies for rivate 
memes tion that, 1928, whil ki studies for pr 

mates for.the dams required in ooniedtieti with the Passamaquoddy Tidal 
P wer Project, based on the work mentioned i in the foregoing references. The 

of the Society on “Earths and Foundations have appeared in Proceedings® eS 

Except for this ‘Symposium, the reports were optimistically heralding the 


advent of a new era in foundation engineering and the birth of a new soil 


science. — The humility of approach in the 1937 reports, as so well —— 
a by the paper by Professor Terzaghi, is refreshing; and it is well that the « hange 
of attitude has taken place. Too many practical and practising engineers 


> were attempting to apply the published material to their work; and barr were A 


to second position: field investigations of et Het structures must now be 
a stressed so as to collect the necessary facts from which reliable theory may ybe 
deduced. . This is opposite to the previously announced inductive theories 


which prophesied facts, such as settlements of unbuilt: structures, and whieh 
often required continuous adjustments to meet new data. 


by In order to be of value, complete descriptions of the structures must be — a 


resented with settlement readings. this respect, the paper by Professor 
_ Terzaghi is ‘somewhat remiss. - For instance, in the example described with 

45, the length, size, spacing of the piles are not given. One is ‘inclined 
to wonder why piles were | used ‘in that design. — In ‘Fig. 47(b), there appears 7 
to be ry definite discontinuity it in all settlement contours at the center division 
wall. An error in the H; ae seems to be one explanation of the anil 


As 


8 XVI International Cong. of Navigation, 1935. 
_—-« ® Bulletin, Navigation Congresses, January, 1927, ee 
XIV International Congress of Navigation, 1926. ball 
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ae 


aden up , design, with piles of unknown and varying ection pe a value i is 
it _ In Table 6, it should be carefully noted that all the soils listed, except that _ 
= for Building H, are not the usual materials on which spread footings are placed. _ 
This fact explains the great variations in settlements for points on the same 7 


“structure. Buildings founded on sand or clay mixtures with loam, with base a 


» Oe The writer agrees that no reasonable soil examination can show all 
~ variations in soil structure for a complete foundation design. Where soil c con- 
po are uniform, expected settlements are easily guessed. Where -_ 
conditions are not uniform, it is necessary to design the footings as the sub- =e 
grades are exposed by excavation. In one large structure, north of Chicago, ia 
a Ill., borings indicated that at least three different clays would be encountered — 
i at ‘the expected base of the footings. — After a careful study of all the clays — 
encountered in that vicinity, and sunpanile loading tests in pits dug into the 
three different clays (differentiated by their colors), load-bearing values were F 
determined to give equal settlements. _ The lack of time prevented load-test 
_ studies extending over more than a few weeks. Design tables were prepared ie 
_ for the three assumed load values for the complete range of column loads. All : : 
% footings could be made symmetrical spread footings for single column loads, 
which simplified the problem . As each footing pit was dug to sub-grade, 7 
: inspection was immediately made, the color determined, and design require- . 
ments chosen from the tables. No unusual or unequal : settlements have been 
yy _ Much foundation trouble arises from a common error of placing a structure 
on the side of a slope, exposed to seepage or drainage effects and lateral move- | 
ts . The error is evident when the structure is placed on a sloping surface, — 
such as the side of a ravine or river bed. «If the gap is filled with rubbish, = 
ashes, or the usual municipal rubbish fill, the error is not visible, but still : 
BS exists. » In many cases, the fill makes the matter worse, because its consolida- _ 
tion causes a lateral flow which further tends to tip or or slide the — a 
Y. iL. Cuana,® Esq. (by —Engineers in China who are confronted 
ie; a similar, but more complex, problem when building ; regulating dikes on a er): 
e: the Yellow River, will be much interested i in 1 the paper by Mr. Buchanan. a 


river could be built and maintained only by using earth of uniform quality | 
at the site. About one-fourth of the total area | of the Yellow River basin 


: given to such large permet srdjecta, all dikes along the channel of the 


Consists of loess w hich i is a very fine calcareous loam composed ofa an admixture — ' 


is mostly an impermeable soil. The loess has a porosity  eadliea 45%, 
_ enabling it to hold considerable moisture, and the fineness of the openings A 
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construction; eral reduced to a question of how 
design the cross-section of the dike to obtain a degree of safety consistent — 
with minimum cost. Mr. Buchanan certainly makes such an aim possible 


, by | a procedure so o simple that every engineer can understand it. _ nae 


‘In the report of the Committee of Experts of the League of Nations,® 
a five causes of the failure of the dikes on the Yellow River are nti the m 


water, either by direct infiltration from the water piace or by indirect inflteation sy 
through the more permeable layers at the base. The cohesive resistance of 

_ the earth is reduced, while at the same time hydraulic pressure, accompanied 
_ by seepage, occurs. ” Its effect is felt when the base of the inner side of the _ 
dike collapses. The dike itself is thus weakened, and a breach may resale: ; 


This case arises especially when the » high- water stage lasts a long time . 


— 


when the dike is of inadequate construction or composition.’ math . sonar 
i ith this statement in mind, one can be a assured that a failure of such dikes nk 


is mainly attributed to the infiltration of water through the dike itself and 
through the foundation beneath. The writer wishes to discuss Mr. Buchanan’s i 
v _ paper as applied to conditions when the dike is subjected to infiltration through | F 


ta 


of 


aoc 


irae against sliding in terms of the shape of the dike and the frictional land =% 
_ cohesive forces of the material, is for a dry slope. For a dike subject | to J 


- seepage, such as that shown in Fig. 63, ‘Equation QQ) can be written 


ao 


l + tang Al (wz we aye cos a@ 


in which, ¢, the angle of internal ‘fiction, is assumed to be the same for dry. 
or wet material; w, and w are the unit weights of water and soil, respectively; > 


‘4 


= 


_ @Report by the Committee of Experts on Hydraulic and Road Questions in China, — 


League of Nations, Geneva, 1936. 
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i ON APPLICATION OF SOIL MECHANICS 


and {1 should be the : arc length, ab. the dike is assumed to be 
the term, cl, vanishes. similar equation for the factor of 

4 sliding can be expressed in the form of moment instead of force: — aia) 


el+ tan Al (wz — Ww 21) COS 


in which Wo and Ww are, “respectively, the total weights of water and soil 

: within the are of sliding, a b c. i The smaller value determined by Equations = 

(20) and (21) gives the safer criterion for stability. = | 

Mr. - Buchanan’ s treatment of the hydrody namic effect of seepage on 
stability of slopes i is ‘especially creditable In testing a model embankment of 
loess the writer has observed a slide near the toe despite the fact that the 

factor of safety, as computed by Equation (21), exceeded 1.78 for ¢ = 0. 

j The writer believes that the hydrodynamic force in a saturated slope plays a 


an important part in starting a slide. ict 
Foundations. —A may | occur in 1 the dike when its is 80 


foundation could be more plastic than elastic. Studies 

- failures due to over-stressing the foundation have been presented by Mr. el . 
Attention should be called to the fact that there is a horizontal, as well as a ¥. 
i vertical, load on the foundation when the dike is resisting the pressure of high | 
; water. For earth or rock- fill embankments this pressure can be transmitted 

to the foundation only in the form of a shearing force. Ini investigating the si 
is stability of dike foundations this horizontal hydrostatic load requires as 


Control of Seepage.— —Mr. Buchanan has studied the perry of the 
3 seepage e through a dike with the aid of Professor Gilboy’s formulas as die 
by Equations (2) and (3). The writer has compared this method with that 
: suggested by Pavlovsky,® i in the case of model dikes of Chinese loess, and has» 
: found that the latter coincides more nearly with experimental results. . The 
= latter also affords a simple procedure for designing the best section. Astudy 
a this method reveals that the permeability factor, K, cannot be constant in By: - 
4 newly | built dike in which the seepage rate may be quite wil bine — 


The pointed demonstrated by tl this method are: 


A dike s subjected to ever over a period of time 

is at its most dangerous stage; its stability is undoubtedly reduced by the — 
hydrodynamic force of the water seeping through to dal) wal 
(2) In estimating the shearing failure « of the foundation of the 

horizontal transmission of water pressure should not be neglected. = a 
a... Theoretically, ‘the best method of reducing infiltration and lowering 
te ® saturation | line of a dike is to increase the flatness of the wet surface. 
(4) The orientation of flaky particles of a material by capillary flow prob- 

a “ably plays quite an ea part in the variation of permeability with time. 


Bema by Pa Vol. II, 1933 ; also, “ The Per- 
U. ams. N. 
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0 OW APPLICATION MECHANICS 


_ construction engendered by the fairly re recent floods of New England and of the Le 
Ohio River Basin, Mr r. Buchanan’s paper is most timely. _ The latter flood — 

3 (January, 1937), alter reaching the Mississippi River, was carried to the Gulf = 
a betw een en levees, and a one aftermath of its successful passage | are 3 been a number ie 


- construction on the Lower Mississippi. This has been given gadis, of course, 
4 but with occasional | misgivings as to its applicability, particularly in he. 
department c of design, to the problems of distant flood plains. The Mississippi 
River levee is the product of years of experience with the specialized | 
of the lower alluvial valley. (Fig. 2 depicts its metamorphosis from the simple ~ ce d 
trapezoidal erc cross-section of 1882 through the several types of banquette section 
3 to the more satisfactory trapezoidal section of the present day.) There is one oe 
school of thought, and a rather large one, that holds to the view that the a 
ditions surrounding levee construction make levee design unavoidably an 
empirical matter Experience i is invaluable, of course, but | unless it is suppk 
mented with a knowledge of the underlying principles that govern soil behavior, 
experience is distinctly at a disadvantage when it becomes necessary to design 
; in a field not covered by prior operations.  Itis this inherent shortcoming that 4 


the: paper by Mr. Buchanan seems ‘particularly helpful in overcoming. 


‘Until the comparatively Tecent past, there has been little to draw 


7 "except € experience. The science of soil mechanics is itself quite young, ‘and its 
ig. « application to the field of levee design has lagged considerably behind its — 
a > application to the related but, in many respects, dissimilar problems of earth : ier 


mie 4 dams. A levee is an earth dam, of course, but it is a very specialized form and — a 
a ‘§ the circumstances normally surrounding its construction are far less favorable Ao 
to precision in design than are those which attend the building of adam. © Be. 


nm aS The main levees of the Lower Mississippi River are as a rule several hundred 
miles in length, and are tied into high ground (that is, they have an abutment) i 
_ only at the up-stream end, the basin being left open at the lower end for + 
drainage. The embankment skirts the river edge of a flood plain whose a 
be 50 or 60 miles. plain is composed of alluvium to great depths. 
- Much of it has been worked over by the river, whose migrating meanders, 
offs, and bank-caving- and bank-building operations have produced 
geologic hodgepodge of which the ingredients are clay, sand, and silt, with» 
some vegetable matter. These ingredients occur singly and in an endless — 
_ variety of combinations which follow no pattern and apparently recognize all 


me is evident that one cannot very well haul upland earth to build his 
levee of homogeneous clay; nor can he afford to haul laterally from the pos- 
sibly better soils of the flood-plain’ s distant hinterland. If he did 80, 
- _ more, he still would have to found the levee upon the heterogeneous mass of By 
. _ which the area adjacent to the river is composed. The problem, ' , therefore, i is % 
— to build from the materials immediately at hand, ‘and since these vary 60 i 
- erratically as to make selection seem rather impractical in a majority of cases, ie | 
bs has appeared advantageous to procure the material as close to the embank- i 


Engr., Mississippi River Comm., , Vicksburg, Miss. 
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v-pit pit is usually 
aor the river side, and i is s quite apt to encounter rather pervious materials after 
the surface strata are removed. Since these porous materials will be exposed 
to full hydrostatic | head once they are uncovered, it is inadvisable to expose = 
them very close to the embankment, and it is, o f course, « 
gs small a proportion of the more pervious materials in the construction as Py 
permit. Deep excavation close to embankment also invites 


troubles. From the practical standpoint, furthermore, it is not 


safe to count on going very deep because of moisture. = = ak 2 
© Bow these conditions laid down, the best alti has seemed to be to 


-- ‘the ability of teams ‘to handle alone, and much of the system ¥ was vas completed — 
or under way prior to the comparatively recent introduction of trucks and > 
as important tools. . Much yardage has been placed by 
a equipped with buckets of capacities of 3 to 8 cu yd, and tower machines handling © 
buckets of from 10 to 15 cu yd. Machinery of this type (largely inspired by 
the needs of levee construction) handles earth very efficiently \ within the limit 
M of its ; reach, which for the tower ‘machine, incidentally, is about 1000 ft. 
¥ Neither by the tower machine nor by the dragline i is any deliberate attempt — 
No effort is made to control moisture e content, in the sense of attaining the 7 « 
own . The susceptibility to wide seasonal variations in moisture of pits — _ 
adjacent to a river whose range in stage is about 50 ft and the necessity. for ha 
% utilizing the working season to the best advantage had made pr precise moisture 
a control appear unattainable. A limiting steepness of construction slopes (1 on \ . 
: 28) is often prescribed by the specification, especially when much clay is a 


‘present. The contractor, , however, is permitted to use fairly damp earth, 
subject to his own risk (and subject to warnings from the inspector when he * 4 
.- - Appears to be taking chances). Ifa slide occurs from the use of material that ee 
q is too wet, the contraetor is s required to cut out and remove the embankment _ pie ; 
to and beyond the sliding surface and to restore it with satisfactory material 2 
_ all at his own expense. Since this is quite costly, i it operates as a a a a 
. oh - When the levee is built with hauling equipment it is constructed in layers, 
with an allowable thickness for vehicles hauling loads of 5 cu yd or more, of 5 
ft, and for equipment hauling loads of less than 5 cu yd, 3 ft . WwW hen « draglines 


(boom machines) or tower excavators are used, layer construction is not 


pertaining to those methods of construction which involve the least compaction. yr 
The shrinkage allowance seeks to insure a levee permanently to the grade P 
desired even with some consolidation of 2 Iti is, therefore, liberal. 


= _SENOUR ON APPLICATION OF SOIL MECHANICS 471i 
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SENOUR ON APPLICATION OF SOIL MECHANICS 
A series of “shrinkage observations made upon levees emsunsial in the 
Mississippi ‘Valley h has been plotted in Fig. 64, in which the volume 


Test Hub Probably Disturbed by 1937 Flood. 
Readings Discontinued as Hub Destroyed. 
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the embankment of various ages is expressed in terms of the volume of the 


_borrow- from which it it was: constructed. . Each curve series of 
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SENOUR on APPLICATION OF sol MECHANICS 


“ew Orleans” which represents the mean a group of 4 
as on dragline-built units ranging from 160 000 to 660 000 cu yd 


- ented in in both groups. One method of construction with tower excavators is 


to “base in” the fill with one machine and mount a second, following machine 7 
upon the material so placed, to complete the cross- “section. ~ When this is done, 


vibrating effect, apparently tends (in some ‘soils, at Teast) to attain tractor 
- Ona big levee, tractors, draglines, welt tower machines all may be engaged , 
concurrently in placing different parts of the cross-section. The work i is” 


‘ a awarded by contract to the lowest responsible bidder, and there is no ‘method - 


nd 


% = force him to aie his original plan from time to time, and each time sl 
> does so, the composition and density of the fill are changed somewhat. 
Fig. 65 shows the theoretical shape of a standard borrow-pit. The depth 
a “depleted | is the limiting value allowed by the specifications and the width, : 
therefore, must be varied to the extent required by the river stage and water- - 

b table, which may necessitate much shallower borrow than that permitted a 
th ‘the specifications. Fig. 65 also shows a series of pit borings and groups , of 
borings taken at the center line and ‘he toe of a completed levee to oT 
the variability in composition of borrow, foundation, and embankment. _ a 
In general terms, levee design on the Lower Mississippi has concerned itself 
-- compaction only from the standpoint of shrinkage allowance to insure a 
_ structure permanently to the grade and cross-section desired, and with reo 


oa only to the end that slides or sloughs shall not develop. _ As to character 


of materials, it recognizes three groups—sand, loam, and clay, as described — 
- in Table 1 of the paper by Mr. Buchanan. Most of the levees built are of the 

“loam” ‘cross-section, “loam” being used to designate all mixtures containing 
less than 75% of either sand or clay. _ The loam cross-section hasa base width = 
equal to ten times the design head against the structure. It seeks ideally to 
prevent outcrop of seepage line on the rear slope by having the slope flat’ 7 


‘' ge to contain the seepage e line that will develop during the period of flood 


the seepage line will inevitably outcrop if the flood lasts long enough. — ‘Upon 

a stream such as the Mississippi it is essential that slopes be flat eqough + to be 
under such conditions, = 

In essence, the: levee represents an ‘embankment which relies upon 

be “width rather than great density. . Itis feasible, physically, for the duty to 
which a levee is subject, to make the substitution, and in the case of the Lower 3 

a of local conditions and costs has caused 
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C+ Borings Along Center Line 


Existing Levee 


__B- Borings at Toe of Levee 
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ENOUR ON APPLICATION OF SOIL MECHANICS 
that to seem unquestionably the e proper course. The a average contract cost 

As of the approximately 567 000 000 cu yd so placed from 1928 to June 30, — a 
4 has been about 18.75 cts. It cannot be doubted that proper compaction, if 3 
_ practicable, would permit some reduction of cross-section where the foundation _ 
was of a character to permit it. it should be borne i in mind, however, that the 


pie 


he passage of water beneath the levee may cause as much concern as the A 
—_— of seepage through it. i The base should be comfortably wide as a rule. 


h practical dif 
+ ficulties are numerous, they do not appear ceshdeanaainia gf « bos ayiiebouoe 
ie _ With the methods of construction normally permitted, for example, a 
‘density considerably less than that of the undisturbed borrow material may 
characterize the freshly built levee but it would seem that in designing an 
allowance could be made for this condition. © In this connection it is well to 5, 
remember that soils high in clay content, when fairly dry, tend toward — 
3 ness, particularly if dragline construction is utilized and the resultant per- | 
centage of voids in the fill is likely (temporarily) to be large, thus tending to ie 
the effect of the greater impermeability of the material itself. Curve l, 
«OMe 64, illustrates such a case. This is a practical aspect of the matter which ~ rn 
“might prove troublesome if the width of cross-section were reduced too greatly _ 
on the basis of the impermeability displayed by borrow-pit samples. Obvi- 
Berna! the problem of design wot would be simplified if circumstances permitted = 
- compaction to be assumed or required. Where they do not so permit, caution ee 
is indicated i in cases where the condition just described is likely to be encoun- - 


$ tered. Such levees ; improve rapidly with age but they must be ready and able es 
to hold out floods the first year of theirexistence, 
Study of borings in the borrow area will indicate the worst possible average _ 
q composition that the levee can have. In deciding upon this feature and upon a 
_ the questions raised by the preceding paragraph it would be well to consult 
some one familiar with the practical aspects of construction. It would a 
well to consider, from knowledge of the local geology, the likelihood of encoun- 
q tering large enough deposits of any one unfavorable material to justify making 
that single type the sole basis of design. sts 
The assumption of an impervious base should always insure an error on 
4 side of safety in so far as seepage through the cross-section is concerned provided, _ & 
of course, that the governing pit material is properly chosen and its observed — a 
permeability properly adjusted to compensate for lack of compaction. The 
a partial or even complete disregard of cohesive strength i in cases in which high | 4 
_ Water-content of cohesive borrow is at all likely should fully compensate for _ 
use of wet material in construction. TE M age 
i = By familiarizing himself with local conditions, and adjusting his “various 
allowances to meet them, the } designer should be able to produce structures 
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undertaking. During the height of the levee program, placement was at the 
rate of about 612000 cu yd perday. — 
Bat the foregoing it is apparent that unless current construction practices cai a a 
__are revised the design of levees by the principles of soil mechanics can scarcely 4 
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_BURMISTER ON (APPL ICATION OF SOIL MECHANICS 


he should work “‘hand in hand” with the man of levee experience. Although 2; 
the writer does not subscribe to the view that experience is the only guide i in 
levee design, he is far from under valuing it. si ot 
_ The designer cannot afford to ignore certain praction) 
_ directly connected with soil mechanics. For example, levees should be e main- 4 
a tained in sod, unless they are paved; hence the side slopes should be flat en enough i] 
to permit the use of mowing machines, and to avoid excessive damage from 4 
a rain and waves. If the structure is more than a few feet high the slopes | for 
practical purposes should probably not be steeper than 3 horizontal to 1 
vertical. In many cases, this may produce a section in excess of that indicated 
x to be necessary by theoretical analysis, a 
method of design outlined by Mr. Buchanan assumes an impervious 
: foundation and a flood of great enough duration to develop fully the ultimate 3 
- flow net. This is probably prudent on a stream such as the Lower Mississippi - 


_ whose flood od hydrograph may cover several months; but for lesser streams where 


» i the flood ma may gather and disappear i in the course of a couple of weeks, or even 


days, it may result in over-design. The seepage behavior of the earth dam 
4 described by Mr. Buchanan indicates that for similar ‘soils, similarly placed, — 


the question of seepage can be ‘omitted as a design criterion if the 


= of full development of s seepage seems too  Itis felt that 
research regarding the rate at which the flow net develops is needed to “round — 

out” the equipment of the levee designer. of 
The main-line levees on the lower river were matured as to general design eI 
before the science of soil mechanics was sufficiently advanced to lend much aid, 

> and, as emphasized by Mr. Buchanan, s analysis of the a adopted design does not & 
_ indicate any theoretical need for its revision. No doubt, soil mechanics will - 
_ a play an increasingly important part in the design of levees now in prospect - 

4 


- opinion, most of the levee line experiences" no serious foundation trouble. 
There is a consolidation of base in Practically = instances, but this is ~ 4 


Serious trouble often threatens, the levee (as it 

‘@ unavoidably must at times) an old lake or channel that has filled with sediment. 
Zz In such cases special treatment by way of flattened slopes or false berms is 
; necessary and, in the opinion of the w riter, the science of soil mechanics offers — 


far ‘the most rational if, indeed, not the only ‘rational, ‘approach ¢ to 


mportant matter of their correct design. 10 that 


=e M. Burister,® Assoc. M. Am. Soc. C. E. (by letter)—The — 


=e reflects the recent and important advances which have been made — 


the temptation to preduce too a structure, however, and, if 
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BURMISTER on _APPLIOATION oF MECHANICS. 
‘ 
na This new technique should include n not only the analysis of of earth =. Hp va 
structures for stability but it should carry the entire study of such problems 
the soil results of experiences accumu : 


_ economically, have an eperten bearing not only on the construction but also 


upon the decision as to the type of dam to construct, the dimensions - of ai 
a The grain size analysis, to which Mr. Dore refers, has constituted an im- ; 
portant soil test on every earth dam project, but its value has been somewhat a ; 
- limited because the information obtained was, primarily, of a qualitative nature. pt a 
3 The writer has found that such curves can also be adapted to yield vip seg rat 
information of a quantitative nature, for design and control purposes. 
Grading Curves —The size characteristics of soil may be defined in terms 
‘ three independent factors, which correlate many physical facts and bring them ~ - 


into a more unified and consistent p pattern: (a) The degree of fineness’ (the | i 
of the wading curve on the scale of fineness) ; type of grading 4 


range o 
sizes. ‘In his studies, the writer has expressed the iam of fineness in 
terms of a mean grain size, which is defined by the length of the equivalent lent a 
"rectangular area and which is easily 0 obtained by planimeter or by the on 9 . 


ith the logical one to use in relation to a semi-logarithmic plotting of the grain . ; 

size analysis. The mean grain sizes for the average borrow-pit, beach, 

materials of the Quabbin Dike are givenin Fig. 66. $= 
ao A description « of grading curves as to type, » as shown i in Fig. 66, furnishes a 
basis for interpreting, ‘correctly, | the influence of the distribution of particle 
sizes on density. _ Type A is a narrow-range material represented by a nearly ' 
vertical grading curve. Type B has a statistical n normal distribution of grain 


‘ae or nearly 80, as —anews in Curves 3, 4, and 5 of the. core materials 0 of * 


4 is s skewed said has coarse sizes as shown in Curve 1 of the beach material. im : 
a Type D material, , which is typical of 80% of the borrow-pit materials of the — a 


Quabbin is a “mixture of two fractions, one very coarse, and the other 


curve and they are typical of certain soils in glaciated regions. Iti is 4 
to note that the percentage corresponding to the mean size is 3 not n now an “ 
arbitrarily defined constant quantity, but varies with the type of grading 

curve in a characteristic fashion and in reality Tepresents a skew factor, 45 to : 
— 55% being typical of the Type B grading « curves, 55 ‘to 65% of the ‘Type E, “ 

and 35 to 45% of the Type F grading curves. 
t, Soils may be alike in the foregoing important respects but may vary in the ie 


fi range of particle sizes. The writer, therefore, recommends that the size 
characterist 


fe 
4 
lk, 
in 
— 
igh 
om 
— 
for — 
— 
ted 
at — 
— 
ate 
ere — 
am 
the 
safe 
mp 
und — 
— 
igo — 
— 
| 
ible. 
not 
as it 
gent, 
— 
— 
“The | 
iii 
nade be ‘a 


— 


_ @Besaay 


CHAN 


IL M 


~ Ex 


IL ME 


% 


ont 


jo 


+ 


| | 7 
’ 


ghape e of the grading curv curve and the range of sizes, which must not be confused. 
os is an interesting, characteristic, and progressive decrease in the range of A 
gizes from the outer slope toward the center of the core pool. 
Core Materials—The sluicing-bin ‘method: described by Mr. Dore for 
estimating the yield and quality of the beach and core materials from a par- 
ticular borrow-pit material or mixture of materials is a valuable one. The 
_ yield of core material may also be estimated by a simple analysis® of the afore 
jenn grading curves of borrow-pit materials, which, for eight dams, shows | 
that there is quite a definite and complete separation point of materials by the 
hydraulic process at about the No. 100 sieve. The approximate percentage of a 
yield of the average borrow-pit material of the Quabbin Dike is obtained in 
re Fig. 66 by plotting percentages finer by weight of borrow material against 


those ose of the average core material (Curve 4) for a number of corresponding 


particle sizes, as shown in the insert. nda 
a The slope of the linear part of the curve defines the yield (30 per cent). 
« ‘The grading curve of the core material may then ‘ve fitted to the fine portion of 
_ the average borrow-pit material by proportional dividers, 30% becoming 100%, a 
asshown. The yield and approximate separation size for nine dams are listed 
in Table 9. _ Thus, a study of curves of borrow-pit materials, for example, using Le " 
the No. 100 sieve as the separation size, would indicate which materials = 


select or what mixtures to use in order to give the theoretical core width at any 
: height, in the dam, : as indicated in Fig. 18, as well as the approximate peincde 

distribution of the average core material 

TABLE Percentace or Cone MATERIAL 


‘Name of dam Name of dam 


0.16 
0.15 Cobble Mountaint 


Tieton}. . 2 | No. 100 aleve. 


* See Table 4. tHydraulic-fill dams. {Semi-hydraulic filldams. = = 
ae A study y of the data on core materials ¢ of existing dams in Fig. 16 reveals a 
umber of significant facts: (1) The core materials of practically all existing 
dams are typically B Type: (2) all the core materials have about the same range 
ie particle sizes, and the range is relatively narrow; and (3) the major -distin- 
-¥ guishing characteristics then are the degree of fineness as defined by the mean | 
| i grain size and the clay content, which furnish a clue to the quality of the core « 
| Material that can be washed out of any given borrow-pit material. Iti is im- _ 


For a full description of such grading curves, see “A Study of the Physical Char- <a 
acteristics of Soils, with Special Reference to Earth Structures,” by D. M. Burmister, Assoc. | 
. Am. Soc. C. E., Bulletin No. 6, Research Laboratory, Dept. of Civ. Eng., Columbia Univ., he 
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distribution and fineness of the material passing the No. 100 sieve, may be of te, 
much: greater importance. ‘The liquid limit and plasticity index of the fine 
fraction furnish a more direct and useful index of the character and quality of ‘ve 
_ the core material than can be obtained by the hydrometer test," the practical , 
limits being: Liquid limit, 15 to 40; and, plasticity index, 0 to 20. Values aN 
greater than these would indicate undesirable qualities in the core material — 

and would indicate that difficulty might be experienced during, or subsequent | - ¢ 
to, construction; or it would dictate that fines ‘should be wasted, where 


5 for the Quabbin Dike. However, physical factors other than 


- Beach Materials.—The quantity of beach material that can be obtained from oe ‘eZ 
a given | borrow-pit: material can be estimated from the yield on the No. 


sieve. The quality of the beach material, which is the most important con- : 
sideration for stability of the entire structure, is determined, primarily, by the 

7 “grading ¢ density relations” of the materials deposited i in the different sections 

of the dam. Arthur Casagrande, Assoc. M. Am. Soc. C. E., has shown that 


_ the density of a material has an important influence on the angie of friction and 


soil will lie between ‘the limits of some loose ‘and some very dense 
condition, whether placed artificially i in an embankment by some mechanical “a 
equipment, or by the hydraulic process. Investigations of the grading- 
density relations’ of "materials: show that the distribution of particle in 
exerts a most important influence, as noted in Fig. 67. of 
; _ The mean grain s size of each type of material, as the range of particle sizes 
varies, i is indicated on 1 the grading curve. The lense 00 and dense conditions for 
each material are then plotted directly below on the vertical line through this é: 
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sizes, and particle the density | decreases with approxi- 
“mately according to the trend of the zone lines —— 


2 —Type of Grading Curve. —Other fa factors being equal, Type F materials 
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density. Types B and £ are of intermediate density; and Type A materials _ 
‘A 3.— —Range of Particle Sizes. —The most dense condition, other factors being 
equal, is obtained by the material having the greatest range of particle sizes. 
_ The narrow-range Type A materials are always the least dense. esis tai dame 
4.—The Spread Between the Loose and Dense States. o—There is a pore 
teristic spread between the loose and dense states foreach material 
5.—Particle Shape-——The effect of angularity of particles is always to de- 


crease density in both the loose and dense conditions. Kain ait 


Fig. 67 is a graphical expression of the fact ct that: each | material can exist in 
és a certain loose condition in its natural state or in embankments and can be ) 


Tr ru «Characteristics of Cohesionless Soils Affecting the Stability of Slopes and Earth 
Fills,” — Casagrande, Journal, Boston Soc. of Civ. Engrs., January, 
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_ (d) SHEARING CHARACTERISTICS; TYPE F GRADING CURVE 
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BURMISTER ON OF SOIL — 
aa compacted only to a certain dense ite: by the » particular method “ neal 
with a large or small spread between them. . The shearing characteristics of — 
Type F materials, for example, are given in Fig. 67 to show the influence of 
these factors. The coarse, narrow-range Type A materials are practically 4 
always at about the critical density®’ with a relatively high angle of friction, 23 
of about 45°, but as the range of particle sizes increases, density has an 


4 portant influence, the limiting values for the angle of friction being about 37° 
for the critical density and about 42° for the dense state. These values appear 
to be independent of the degree of fineness and of the range of particle sizes, 
where the range increases. — The relation of the actual density in place, of a : 
_ given type of material to its critical density will indicate which angle of friction 
will control the stability the embankment. Professor. Casagrande” has 
~ shown that the critical density-shearing relations are very important factors ‘4 
in stability, particularly for certain fine-grained, saturated, cohesionless soils, ~ 
_ Astudy of the beach materials of Quabbin Dike in Fig. 66 reveals a number re 
: of interesting and significant — facts: (1) The coarsest fractions, which are 
_ deposited first, always contain some intermixed finer material; (2) the ma materials 
_ become progressively finer; and (3) the range of particle sizes becomes narrower _ 
toward the the edge of the core pool. | — 
The question may be asked, whether the gradations of beach materials we 
; Fig. 66 (Curves 1, 2, and 3) are typical of the hydraulic process or whether they — 
3 are typical of what the hydraulic process will separate « out of the Type D 
oe 4 borrow-pit materials of Quabbin Dike. . Keeping the foregoing three factors i in 
-_ - mind and holding the No. 100 sieve point fixed as the lower limit of the range © 4 
_ of particle sizes of the beach material, an upper limit is moved ee 
along the 80% band of borrow-pit from. the coarsest sizes in some 


4 proportion to the distance from the discharge point on the beach. From — 
7 = - Point A to Point B the outer beach material must be typically of the coarse, — 
_ wide range (F Type) and may vary from 20% to » 50% of the bulk of the TypeD _ 
_ borrow-pit- material, It can be readily seen that this part of the curve is 
similar to Curve 1 and is of the F Type. The density for such material may be 
- estimated from Fig. 67, by the trend of the zone lines, to be greater than 130 Ib 
per cu ft as the tests by Mr. Dore show. This indicates that the hydraulic 
_ process places a Type F material in a very dense state. _ In the Quabbin 5 
Dike these materials form a substantial part of the entire beach. 
ee the coarse sizes are practically all deposited, the beach “material 
must change in character from Point B to Point C to typically the finer E Type : 
of. material, having a density of about 115 to 120 lb per cu ft, and representing — 
4 about 15% to 25% of the whole. -- Then, from Point C toward the edge of the 
~ pool the character of the material must change again and become typically ol 
- fine, narrow-range, .B Type with an estimated density of 110 Ib per cu ft, or less ; 
«Ati is evident that the character of the beach material is determined to a large 
extent by the type of grading curve of the borrow-pit material 
_ For stability considerations an angle of friction of 45° for the very coarse, — 
= ype F outer beach material, is to be expected, but as the materials grade into the ee 
3 finer Eand B Types, the density not only decreases, but these finer materials may 
7 * or may not be placed in a dense state by the hydraulic process : and may even be 
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Jess dense than the critical. ie The angle of friction may then be vennebtenahlis sate 
than 45°, and this would become an important consideration in the stability ie 
a the structure. However, in the Quabbin Dike an angle of friction of less 
than 30° was actually required in the beach material as a whole for stability, — 
because the beach section was large, 
ye is believed that the information from soil investigations, together with ay 
the experiences accumulated in the construction of earth structures, when = 
summarized, correlated, and made generally available, would be of permanent: 
= as a guide for future earth dam construction. This means, however, the 
careful and complete description and identification of the materials used, and 
ue the determination of their density, shearing resistance in place, and behavior, 
so that the experiences gained in on one be wil value i 


the problems in another. prs, 
DonaLp W. Taytor, 88 Assoc. M. on 


engineer who has a general interest in soil Ww ‘ill et) value in 
the paper by Mr. Buchanan, which in addition touches upon a number of details 

of importance to those whose main interest is in this subject. - Outstanding 

among such items is the effect of seepage forces upon stability of embankments. 7 

It may be noted that the effect of seepage may be handled by either of two > 

methods which are closely related. can be demonstrated that the vector 
sum of the total w veight (both soil and water) of any mass of saturated soil and 7 

Ry resultant of all water pressures along its boundary is equal to the vector t 

sum of the submerged Ww eight of the mass and the resultant of all forces due to Al 

seepage within it. The same relation 1 may be re-stated as follows: The resultant 

F boundary water pressure equals the vector sum of the resultant seepage force b 

full hydrostatic uplift. ‘Mr. Buchanan has suggested the summing of 

seepage forces throughout the mass whereas other inv estigators have preferred “ae 
the summing of boundary pressures. A paper® by the writer presented in| a 


1937, suggests an approximate method for simple embankments which involves a 


One statement which may be saideadion appears in this paper (see following e 


“ Fig. 3), concerning the force, Fy. . The statement as given i is true only if the 
figure, e f d b, is square. = Since in general the figure i is not : square, it should be 
zi: ‘stated that “F; is the force tending to cause displacement in the direction of & 
flow, equal to hy times the unit weight of water, times the average area ea surface, 


H} E. ( 


JSR, Jun. AM. Soc. by r letter).— In a clear 
nd straightforward manner, Mr. Buchanan has presented a general eter ne 
E.. applying soil mechanics to the design of earth levees. He is to be ee 
“mended for this important contribution to the small group of publications 
scientific methods for the design of earth structures. He closes his paper 
= with the remark: “For new units involving materials with which there ‘tae 
“Research Assoc. in Soil Mechanics, Mass. Inst. Tech., Cambridge, Mass. 
Stability ‘Earth by Donald W. ‘Tayler, Journal, Soc. of Civ. 


4 ers., July, 1937. ‘ 
Acting Dean: Prof. of Civ. ‘Eng,, School of Eng, U Univ. of Mississippl, ‘University, 
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ON APPLIOATION OF SOIL MECHANICS 


been no experience, savings in 1 time and cost are possible through the application — 
of soil mechanics.” The writer wishes to. cite an instance from his personal — 
experience in which there has been such asavingin cost. = = 

_ One of the problems with which the U. S. Engineer Office, at Mobile, 5 
Ala., has been faced is that of protecting the City of Rome, Ga., from recurrent 
floods on the Oostanaula and Etowah Rivers which unite in the heart of the — 
city to form the Coosa River. These floods are of much shorter duration — ¢ 
- than the floods on the Mississippi River and on other large streams. A study 


ow 


of gage heights for floods that occurred during a period of fifty years shows : 
- high water during a a flood on these rivers lasts only several days. vat 
‘and submitted for approval in the form of a preliminary report. 
The protection works provided for in this report consisted mainly of levees 
with a land-side slope of 1 on 4 and a river-side slope of 1 on 3. These slopes 
were chosen on the basis of a general know ledge of the soil in the v vicinity of 
the river banks at Rome, and the short duration of the high water. ag a ' 
‘The preliminary ‘Teport was approved and the final design authorized, 
It became feasible to analyze the soil to be used in the construction of the ; 
levees. Borings were taken along those sections of the banks of the Oostanaula 
and Coosa Rivers, which are to be used as borrow-pits for the levee material. 
_ Representative samples were sent to the Soil Laboratory of the U.S. Waterways me 
2 Experiment Station, at Vicksburg, Miss., for analysis. There, the samples 
were classified by means of mechanical analyses and such | properties of the soil ie 
as ; angle of internal friction, cohesive strength, and ‘coefficient of permeabilit ay 
were determined. A study of the stability of earth slopes. composed of these 
materials, using the results of the laboratory tests, established the fact that the i 
_ materials possessed sufficient shearing resistance to stand onal on 3 3 slope ¥ with eZ 
a satisfactory factor of safety. ks Furthermore, these materials were te i 
impervious, by a very large margin of safety, to prevent flood waters from 

_ seeping through in the short time they were against the levees and threatening a 


the stability of the land-side slope. 
* _ In view of these facts, the recommendation was made, and accepted, that : 
_ the levees at Rome be built with a slope of 1 on 3 for both land-side_ and river- | 
“g side slopes. 4 This produced a saving of about 80 000 cu yd of earth and about 
$30 000, or more, in the cost of the levees. _ This example furnishes a striking — 4 
— illustration of the value of soil mechanics when apples to the design of levee 


‘The writer acknowledges his indebtedness to vV.K. Wagner, Engineer in 


making available and 9 the. use of this wa 

P. TscHEBOTAREFF,” Soc. C. E. (by letter). —It 

interesting to note that three of the four papers of the Symposium treat the 


related subjects o of levees, dikes, and embankments, and 


Asst. Prof. of Civ. Eng,, Princeton, N. J J. 


efforts of most research scientists in the field of practical ‘application of of 
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-* construction of which soil is used as an engineering material. The com- 
paratively high total expenditure on such works, | as well as the risk of par- . 
ticularly extensive damage to life and property in case of their failure, has led to Wye 
Yo research facilities being provided for this branch of the new science. 
g ‘The use of disturbed and recompacted | soil material on actual constructions of 

‘the foregoing type facilitates the duplication of these field conditions in the 
laboratory. — Furthermore, from the point of view of the organization of the | 
necessary studies, this branch is not handicapped by the wealth of minor 
and by obstacles created by professional and by y 


Ba ve few years ago most scientists working in the field a Soil Sl ann 


a published periodical appeals stressing the importance of full-scale settlement 
_ studies on buildings and bridges and deploring the difficulty of obtaining reliable — 
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68.—GREATEST CONTINUED SETTLEMENT oF 
7 

STRUCTURES OF ‘THE KOUZNETZKSTROI Woens, 
OccurRRED DurING RAINY MONTHS 


‘ 


_ through sheer exhaustion of their authors, who have turned their ‘attention to- 


more well received subjects of study. aris Pais 
; In view of this tention the oanet by Professor Terzaghi is of more than 


outstanding interest. It outlines the knowledge recently acquired in Europe ay 


through t the study | of actual full-scale structures. It should be remembered in 
this co 


ion are irected toward solving problems of water-retaining works for 
| 
— 
the 
ion q 
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| Was first advanced in 19: Profess r self? for t of 
Soil Was first advanced in Dy Frofessor erzaghi himse orthe purposeor 


such observations was stressed further in later publications of the Committee _ 


_ of the Society on Earths and Foundations in which he participated.” ~ Professor a 5 
- Terzaghi not only made this proposal, but actually conducted such systematic | 
- observations and studies in Vienna and elsewhere. These studies and others A 
| stance, in Germany and in Egypt) 
ay | form the only available source of in- = 
_ formation concerning the inter-related q 

| _ behavior of superstructure, founda- 
tion, and soil, as it actually occurs 
— _ | in Nature. Until the results of these _ 
observations became known, facts 


Flooding Begun 


ow hich are now generally recognized 
as such were contested vigorously by 4 5 
many engineers. The problems still 
aw waiting solution in this field are 
likely to be clarified only by a con- a 
of similar ‘systematic settle- 
ment studies in “numerous other lo- 


Ld 


facts are likely 
from the development of such ob- a 
servations in places where they 
Rot been extensiv vely made before. 

such interesting 

are to be found in Ravrectae 


loess soils “have revealed that the 


on four different structures of 
Kouznetzkstroi Works, in Siberia. 
_ Fic. or Test Foor- - It should be noted that this diagram 


-INGS ON Logss SOILS FouND TO INCREASE 
AFTER FLOODING OF SoIL SURFACE not show time-settlement curves 


tation, but that the ordinates give the additional total settlement which oC- 
curred during periods of three months each. The large settlement during the 
rainy months was attributed toa a breaking down of the porous structure of the 


— Joess in the ‘upper moistened layers. ~ Load tests (see Fig. 69), and other in- 


Pi... es Rept. of the S a Committee on Earths and Foundations, Proceedings, 


Moscow, 1934 (in Russian). 
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ON APPLICATION OF SOIL 
vestigations i in gente Russia showed that this was actually the case 
- (toa varying degree for different types of loess) when the soil was loaded, but 
. preliminary wetting alone, not accompanied by the application of load to 
- the soil surface, did n not produce this break-down. Sand piles were used for 
structures on such loess soils with as proved by full-scale 
Ps * The suggestion by Professor Terzaghi that the procedure for making settle- 
ment observations should be standardized is an important one and should be ~ 
actively supported. methods of observ ation ‘proposes should t be 


ay Several hundred reference-point leveling plugs of the type designed by 
4 Professor Terzaghi and illustrated in Fig. 42 were used for settlement studies in — 
? Cairo and in some provincial cities of Egypt, with which the writer was con- 

“nected. These plugs were found to be very conv venient and practicable when 

- levelings: were to be begun after the structure had reached the surface of the 
is, in most cases. A special method of leveling must be designed 

to meet different conditions only when a1 a relatively considerable portion of the - 

weight of the structure is beneath the ground level and when, therefore, a study _ 
7 of the early part of the time-settlement | curve appears to be advisable. from the 


level illustrated i in Fig. 

~ tions inside a ‘building where the use of an optical instrument is impossible i in 

most cases. _ The rubber hose of this water level could be guided easily around 
= corners of narrow corridors and small rooms or around machinery (in the : 
case of factory buildings). . Some. precautions were required when this hose ~ a 
a. to rest alternatively on floors exposed to the sun and in the shade. At 7 
= the thermal expansion or contraction of the hose then caused slight a 

tions of the level of the water in the glass cylinder, which could produce errors — 
in the r readings unless these readings were carefully timed. It is probable that 7 
an increase i in the diameter of these glass cylinders to at least three or four times » & 
value of the diameter of the rubber hose would: decrease the aforemen- 
4 tioned fluctuations of the level of the water in the cylinders, ‘and, therefore, 7 
gE constitute a desirable le minor improvement of of this valuable instrument for — 

Mpecial use in hot climates. si ds dou, sult, walt sai 
It is to be hoped that Professor Terzaghi’s paper will stimulate interest in 
§ United States for the development of systematic regional settlement studies — 


of new structures erected on compressible deposits. Organized effort i is 


Wiuram L. Wetts,” Jun. AM. Soc. C. E. (by letter).—Mr. Buchanan 
é be congratulated on his presentation of the Mississippi River levee problem, 
and for his ; suggestions for improving the design of future developments by . 
§ the application of a knowledge of soil behavior. — Although, as a whole, the — iS 
_ ~present sections have satisfactorily passed the test of actual usage, it is believed a 
~ that better designs, for future extensions, can be effected by use of the ea ma 


Asst. Asst. in Chg., Section, U. Ss. Engr. Office, Memphis, Tenn. 
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s offered by soil mechanics. - The wr writer w ishes to discuss wae his = 
Sa observations of levees at various localities and certain studies which have bee en th 


made by him. Each design feature will be discussed separately. es wh er th 


Side Slopes. .—The method of designing the side slopes is based on deter- _ =. 
mination | of soil constants and computation of the stabilities of various slopes 
_ of a given height by m means of the so-called “method of slices.’ me The position ee. 


of the center of the critical failure surface must be determined by trialand ff 
error. A_ tedious graphical construction is required each trial. The 
advanced by D. W. Taylor, Assoc. Am. Soe. C. E., in 1937, 7s 
tremendous improvement over the graphical ‘procedure. Mr. Taylor 
determined the position of the center of the critical failure surface for different ae 

slopes and values of ¢, the angle of internal friction of the soil in question. | He ; 
has obtained a mathematical solution for the stability analysis and has | shown a 
his results in the form of nests of curves, by means of which a stability problem + 
ean be solved in a few minutes after values of soil constants have been i 


~ ‘mentions briefly the possible effects of nee by 
a seepage, upon the stability of the side slopes. A few studies made by the writer : 
in indicate that consideration of these forces is of the utmost importance. ° This 


is s borne out by the results 


Feet 


of Mr. Taylor s studies. ™ These forces ‘are cres crested 


mass of a ‘agiven volume i is proportional to the 1e hy draulic gradient of flow r through 


thats aca heel acts in the direction of flow. Fig. 70 illustrates the general ut 
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70. —D1 RECTION or SREPAGE Forces SE cTION, 


oe of seepage forces throughout t the cross-section of a levee assuming a 
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that flow through the section is established | during the high-water r period. — 
a As can be noted, the effect of these forces is to increase the stability of the | 
4 river-side slope and decrease the stability of the land-side slope. This condi- 
tion of seepage, through the land-side slope, has been designated as the “steady mi 

__ seepage case” by Mr. Taylor. — His studies and those made by the ‘vite 


cy 


r can occur. Consequently, the land-cide slope should be designed s so as to be 


stable when subject to this condition of seepage. 


a 71 illustrates the general directions of seepage forces throughout the 


cross-section immediately a after the passage of and 

Stability of Earth Donald Taylor, Journal, 
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The effect of forces in this case is to desrense: the stability of both 
by the river-side and land-side slopes, the former being affected to a greater extent 
- than the latter. Mr. Taylor has designated this condition of seepage, through oy 
the river-side slope, as the “sudden drawdown case.” The studies,” previously 

_ mentioned, indicate that, for the river-side slope, this is the most dangerous _ 
~ eondition that can occur. © Thus, the  river-side slope should be designed so as _— 
t be stable when subject to this eondition o of seepage. These studies | also 


indicate that the ‘“‘sudden drawdown case’ is more dangerous than the “steady 


Center 


att 


Fig. 71.—DIRECTION OF SEEPAGE Forces THROUGHOUT CROSS-SECTION, StDDEN Draw- 


seepage case” when the draw-down period is of less duration than the period a 
. required for development of flow through the section. This condition geterally 
exists in the Mississippi | Valley. If homogeneous material is ‘assumed, 
| follows that the river-side slope shenhd be of less inclination than the land- _ 
_ slope in order to obtain the same degree of stability for both slopes. The 
river-side slope most commonly used for levees in the Lower Mississippi Valley 
isone having an inclination of 1 on 3.5 (B section). _ Experience has shown that, 
in the > great majority of cases, this slope is stable when subject to flood condi- 
‘ tions. _ Thus, it appears that, in so far as stability is concerned, a land-side 
- having an inclination somewhat greater than 1 on 3.5 would be adequate. 

_ Control of Seepage-—As Mr. Buchanan states, seepage through the levees 
and its control have formed the bases for the design of the standard levee sec~ 
tions. ” ‘Land-side slopes have been flattened in order to prevent out-cropping — 

of seepage on this slope. It is interesting to note that in the case of pervious — 
levees on relatively impervious foundations, model : and other studies”? indicate _ 
that a reduction in the inclination of the land-side | slope results in a reduction 
_ in the inclination of the slope of the topmost flow line; however, the amount of | 
seepage through the structure is decreased. For instance, assuming a levee” 
30 ft high, with a 10-ft crow n,a river-side slope of lon 3.5 and a 1-ft free-board, 
the height of the point of emergence of the topmost flow line above the base, _ 
in the case of a land-side slope of 1 on 3.5, is 16.5 ft, whereas f for a land-side © 
=f alo) ope of 1 on 5.8 (B section), it is 17.4 ft. 2 The s seepage passing through the 
g structure is reduced about 35% by the reduction in slope. In the case of - 
3 levees founded o1 on relatively pervious ' foundations, the e position | of the topmost vs 
flow line appears to depend largely upon under-drainage conditions. If drain- — 
‘Z age e conditions are such that a change in the inclination of the land-side slope 
_ would affect the position of the topmost flow line, it is probable that a reduction _ 
_ inthe inclination of the land-side slope would cause a reduction in the inclination 


i: ™“ Hydraulic-Fill Dams,” by Glennon Gilboy, Assoc. M. Am. Soc. C. E., First Cong. a 7 
Dams, Vol. 4, Rept. No. 46, pp. 231-267. 
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(ye _A reduction in the inclination PY the mas side viene causes an increase in 
‘the average length of the path of percolation; hence, there is an increase in the : 


_ time required for the development of flow. Observations made ‘during the a 
1937, flood i in the Memphis’ District showed, in no 


S material for the B section are such that flow does not develop ‘during ay 
flood period.  Itis not surprising that, in some cases in the past, when 
_ steeper land-side slopes were used, a dangerous volume of seepage cropped out 


the land-side slope. is due fact that no selection was { 


~% inclination of the land-side slope has decreased the probability of the occurrence _ 
For future extensions, it is be is believed that this purpose ¢ could be more econom- 
‘, @ ically : accomplished by the use of steeper land-side slopes combined with under- : 
a 7 “i drainage of these slopes largely accomplished through selection and proper 
placement of available materials ials. Should seepage — develop through these — 
7 sections during flood periods, its amount would be very small and it would not 
adversely affect the safety of the structures. = gg = | 
In the case of sand levees, the method used by the Vicksburg (Miss.) Die 
trict for controlling excessive ‘seepage seems to be excellent. 
Under-Seepage.—Uncontrolled under-seepage, and resultant ‘“‘sand boils,” 
2 are by far the major causes of trouble along the levee system during flood 7 
periods. The fundamental cause of “‘sand boils” has been ably discussed” by 
03 L. F. Harza, M. Am. Soc. C. E. He demonstrates that “sand boils,” or flota- _ 
tion, can occur only when the hydraulic gradient at the point of escape of — 
under-seepage on the land side equals - P)(S — - 1), in which P = the 
_-~percentage of voids of the material, and S = the absolute specific gravity of 
_ the material. For all sands, the value of this expression is about 1.0. 
The B section has a base width of 10 H in which H is the maximum design 


head against the structure. _ The base width is the shortest path for under 


selection is exercised over available materials; however, in ‘the 4 


7 


not occur unless foundation or the plan of 
as to create high escape gradients on the land side of the levee. A few typical — 
“sand boil” areas have | been inspected by the writer and, in general, the fk 
—_ ome has been found: Subsoil conditions consist of a shallow (5 ft to 10: = 
= of dacs impervious top-soil under- laid by a deep stratum of sand 


x Uplift and Seepage Under Dams on Sand by _Harza, Transactions, 
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tinuous on the land side. Under these conditions, the quantity of under- 

= 


as result, the lous in between the riv pit 
and the bottom of the impervious land-side blanket is negligible. Then, the 2 
major part , of the head on the structure is dissipated in upward flow through | ae 
the land-side blanket. This would tend to lift and disrupt the blanket. . a 
Fe ~ ggnd boil” would occur at any weak point in the blanket, that is, through a 
crack, fissure, or hole due to these conditions and concentration of outflow at 
3 the weak point. The presence of high hydro-static pressures beneath the land- | 
- side blanket, as indicated by flowing wells, was noted by the writer during the 
"1937 flood in typical “sand boil” areas. Li ag 
For future extensions, where these foundation conditions 
believed that these difficulties can be avoided by leaving the impervious blanket — 
intact on the river side and allowing drainage of the under-lying sand on the — 
¢ land side by locating borrow-pits there. Under these conditions, practically 
all the head against the structure would be lost in flow downward through the 
_ tiver-side blanket, and, consequently, there would be no tendency for “sand 


— boils” to develop on the land side. This procedure ‘might i increase the volume q 


4 of under-seepage. However, the quantity would be small provided the 
_ tiver-side blanket were continuous for a reasonable distance (500 ft to 1 000 ft) 
_ away from the levee. % Assuming a 30-ft head, an underlying stratum of coarse | 
sand (K = 500 X 10~* cm per sec) of 200 ft thickness, and a length of blanket __ 
of 800 ft, the volume of seepage would be about 0.0083 cu ft per sec per ft of - 
levee. Since these unfavorable foundation conditions would prevail for only _ 
; relatively short distances, the drainage system behind the levees would probably __ 

 bemore than adequate for the disposal of seepage,” joolia 
The prevalent method | of strengthening such weak places in the existing -_ 
3 system is placement of a blanket over the affected area on the land side. pe ; * 

experiments with Tiver-side blankets and seals are planned. 


Stability of Foundations. —This phase of earth dam or levee design has been 


completely covered by Mr. Hough. Under the heading, “Laboratory Test- 
; ing,” he states that he made no effort to determine an apparent angle of i in- ; 
me friction for clay samples. — _ The writer believes that no effort should be q 
‘made to determine this factor for any type of material since the value obtained © 
_ (quick shear tests) is meaningless in practically all cases and usually not on the 
; safe side in the case of non-saturated silts when tested according to more or 
; less standard procedure (vertical loads of 0.2, 0.4, and 0.6 ton per sq ft). This a 
ems to be due to the fact that, in a given time of test, the percentage con- 
solidation increases with an increase in intensity of v vertical loading. Thus, 
E. the apparent angle of internal friction is often considerably greater than the 7 
‘true angle and serious error would result if extrapolated values are taken from __ 
the shear curve. Shear stren gth of material in place should either be deters 
= from the results of quick shear tests performed at the least vertical loads 
i practicable, or from the results of delayed or consolidated s shear tests ¢ combined — 
witha determination of pre-consolidation pressures. 
= Hough’s s model and analytical studies are most interesting: ‘Fig. 41 
summarizes the three well-known methods of determining shearing stress in : 
- the foundations of earth dams. — Jurgenson’ s formula for the “rigid boundary” 


“axe cannot be expected to yield exact results since, in addition to the assump- 
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a given foundation by having the same side slopes but different heights, 
is constant. If the reaction, or total earth pressure, between the two = 
of the dam is considered as the cause of shearing stresses, it can be i 
— that the average shearing stress along the base of a dam, for the fore 


going | case, is proportional to the height of the dam. In ‘computing earth — oa 
] 


pressures, if a hydrostatic pressure ratio, K, of 0.5 is assumed, it can be demon 
& strated that these stresses exceed J urgenson ’s stresses when hi is greater than 4 a. a 


- cate small stress ‘intensities, whereas actual stress intensities might be of a 
siderable magnitude. In the same manner, it can be demonstrated that, for 
the ‘ ‘infinite depth” | case, average shearing stresses along the base of the — 
structure can exceed Jurgenson’s values when L islessthanh. ‘ied 
; afl Since no assumptions are made in the case of the photo-elastic method, the — , 
results obtained by this method should be correct. Thus, it appears that the 
data from which the curve of Fig. 41 was plotted must have been obtained — 
betw een the | aforementioned limits. to MOL" 

None of these methods considers stresses induced in the foundation by it 
__ water pressure acting on the reservoir side of the dam, nor the important stresses or 

created by seepage or drainage forces in partly consolidated foundations. The : 

7 - effect of the former would probably be to increase shearing stresses in the land- _ 
_ side foundation. The effect of the latter would depend largely upon direction 
of d drainage ; if horizontal, stresses would certainly b be ‘inerensed, to 


alue, p X — { assuming no consolidation at the en end of a construction pee ¥- 


aeons 


monk | 
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id 


The effect of these forces could be determined approxi- 


mately by use of the e Haines’ method combined with flow nets. 2 i 
oa The action of these forces explains the peculiar behavior of certain Missis- a 
‘sippi River levees. These levees are impervious structures built on impervious a 
foundations, generally overlaid by a 5-ft to 10-ft stiff clay blanket. 


case, heaving occurred 850 ft from the center line of the levee at a weak place 


_ in the overlying blanket. This behavior strongly suggests a fluid-like trans- 
mission of pressure. F its For fi future construction in ‘such areas the Placement of 


-Valuable data ‘concerning the. of soft 
tained by a continuation of Mr. Hough’s studies. The factors discussed herein 
eould be be considered and their effects determined. __ 
A. Srretrr,*® M. Am. Soc. C.E. (by letter).- —There is an extraordinary 


= in the flatness of ‘slopes « of the Misnienininl River levees built by . 


> Engineering News-Record, February 10,1988. 
Vice- Pres., Ambursen Eng. Corporation, New York, N. Y. 


4 tions mentioned by Mr. Hough, vertical loading is assumed. The fallag 
—— this assumption has been discussed?* by Glennon Gilboy, Assoc. M. Am. Soe, _ 
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a STREIFF ON APPLIOATION 0 


ny Engineers v when dikes | abroad. Mr. Buchanan’ 


st Germany,®? The Netherlands,*: * France, Hungary, 

er Italy, or other countries, dike slopes are much steeper, and volumes are much 

 ‘gmaller. The Mississippi dikes are not higher than foreign dikes in several 


the river side has a 1 on 2, and the land side, a 1 on 3, elope. Mi manne slopes i 
prevail in Germany and Denmark.®: ** In The Netherlands the | inside 
: slope, even on the most exposed sea dikes, is 1 on 1.75. _ A. Caland® states 
~ that the slope is determined mostly by the capacity of the bank to grow a good 
god. The outer slope is determined by the location. _ Where exposed to heavy — 
gales, the outer slope may be as flat as 1 on 12, but along the rivers this con- 
sideration does not exist and the slopes arelon2,. = 
_ It is interesting to note that another branch of the U. 8. Government uses : 
slopes of 1 on 2 for the dikes along the All- American Canal at the Imperial & 
- Dam. These slopes compare with 1 on 6 and 1 on 8 along the Mississippi a 
River! The difference in yardage is enormous. — Clay is said to have been a 
3 unsatisfactory along the Mississippi. ‘This can only be due to the fact that — 
there apparently is no moisture control in the process of building. In The 
_ Netherlands, Germany, and Denmark, clay has been used extensively since 
- Roman times. There are also many sand dikes, but these are always covered 
_ withelay. The present dikes through the open sea for the closure of the Zuider 
Zee are made of sand and boulder clay. The treatment described of Mounds 
Landing is very ancient practice in Dutch dikes. The writer has built many 
‘ miles of clay dikes along the Saramacca Canal in Surinam, having slopes of 
lon which proved quite satisfactory. The unsatisfactory experiences with 
lay along the Mississippi River can only be due to lack of moisture control. q 
Dutch system, however, is more elaborate than the U.S. Army system 
slong the Mississippi River, as described by Mr. Buchanan. A preliminary = 
“dike called “‘spekdam”’ is thrown up up on the seashore. Behind this dike a ditch, 
; “called “verskade sloot,” is dug deep enough to drain the borrow-pits. The 
boron pits are separated by ‘strips, left in place, to prevent erosive currents 
along the dike. The ditch is drained or pumped. - Clay i is placed and rolled 
in convex layers draining to both sides. In this manner no trouble is experi- 
enced i in obtaining satisfactory clay dikes. 
On the great rivers of Cochin-China* the outer slope (1 on 2) was provided 
_ with a clay cover, rolled with corrugated rollers. The inner slopes are 1 on 3. 
- iylla the course of time the ancient art of dike building has been greatly per-— 
fected i in those countries that were in need of it. Higher profiles are needed 
“in many places, however, as Mr. Buchanan shows for the Mississippi River. Ws 
tn Europe, thirty-nine major catastrophes have occurred since the Twelfth — ? 


we Flood Problems in China,” by the late John R. Freeman, Past-President and Hon. - 
Am. Soc. C. E., Transactions, ‘Am. Soe. Cc. Vol. (1922), Pp. 


Waterbouwkunde,” by Storm Buysing, 1851. qf bos 

Bau der Flussdeiche,” by Paul Ehlers. 
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STREIFF ON APPLICATION ‘oF som 
Century. pro problem remains to be able to maximum flood 
= The art of building leaves little to be desired; but the means of protection are - 
much more intricate than the single lines of dike shown by Mr. Buchanan, 
An entire network of dikes exists in The Netherlands, forming auxiliary lines P 


of defense. There are “sleeper” dikes, ‘“‘bosom’’ dikes, inner and outer, winter 

and summer, river, and sea dikes. In many Places i are ‘Protected i in an 
elaborate manner. ole ealif wolle't ov? oF 
The expedient of flattening slopes, which Mr. Buchanan describes, to make 4 

_ the structure stable in soft ground, is an ancient one. Caland, an experienced — 1 

dike builder, writing in 1833,% describes the building of dikes on soil into which _ 

_ a stick could be thrust 12 ft without effort. _ He states that the side upthrust 

can be counteracted by flattening the slopes, and describes a case that occurred 7 


in Middelburg Harbor, in 1816. The Dutch have another ancient and suceess- 
ful method of constructing dikes on very soft epee It consists of 
c covering the dike seat in the center by a “zink stuk, ’ or sink piece of fascines, 


< Doubtless the great in ‘design i in Europe and the United States 
are due to differences in local conditions. In the low countries of Europe, a 
-Tiver engineering is a special t1 trade, just as coal mining or weaving. Fascine 
work has been developed to a speciality. _ Dikes 40 or 50 ft high have been 
_ constructed between two submerged dikes of fascines, made of sink pieces. 
_ There is a great variety of methods of slope protection . In that manner the — 
= are able to construct clay and sand dikes through a depth of 25 or 0 
ft of open sea, subject to the force of storms. Such methods would neither 
be possible nor economical i in the United States where, apparently, an inordi- a 
nate flattening of slope bas been found to be the best solution. tals jo este. 
_ The method of computing these slopes, described by Mr. Buchanan, does 
not seem to the writer to offer any better guaranty for their stability than that 
by older ‘methods. Unfortunately, the great advances in soil 
_ mechanics are confined to the laboratory. The writer disagrees with Mr. 
Buchanan and feels that, for the present at least, the application of soil me — 


- chanics has caused no visible progress in: (1) The art of foundation design; 
and (2) the methods for computing soil stability. The first has always been 
quite adequate, and computation | methods are as approximate | as they eile 


a 


The practical art of constructing earthwork has been entirely ‘successful 
since ancient times. _ Feeder dams on the Grand Canal in China, built 500 yr_ 
— agoo on alluvial soil, are still in use. In the Indian Province of Madras = 
; there are 43 000 native earth dams used for storage reservoirs, of a total length 
of 30000 miles (more than nine times the length of the Mississippi dikes) — 
containing 200 000 separate masonry outlet works. One of these, the Madduk 
‘Masur Dike, , has stored 800 000 acre-ft e every monsoon for 400 yr. The 
entire Netherlands has been diked since the Middle Ages. Entire cities con- 
— taining the heaviest “enedioved towers stand on ancient pile foundations in soft 
soil below sea level. — _ Among the many dams constructed on soil foundations* 


Ways and in India,” by G. W. MacGeorge, 1894. 
_ 88 Transactions, Am. Soc. C. E., V ol. 100 (1935), pp. 1303-1307. co) agi é 3 
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: “Froehlich ® as late as 1936 admit that ‘ “the investigations perforce have the 

character of approximations for the purpose of obtaining a a rough guess as to 
the settlement expected [writer’s translation ].”’ 
ot Mr. Buchanan states that earth dikes on impervious strata can “now” be an- =. 
alyzed by such as the« one developed by Glennon Gilboy, Am. 


aly the methods of Rebhahn® and Coulomb® and indeed 
mentions that fact. In one of these two papers”: * Professor Gilboy resorts 
to doing by trial and error what Coulomb did in 1821 by differentiation. The 
 goils laboratory cannot be credited with developing ancient methods that have — 


simply survived to the present time, 


Moeller’s book on earth pressures was published®* nothing has been added ; 

“ which is any more serviceable than was stated therein. Retaining walls yen 

_ where have been built with success by these theories; the 90-ft reinforced con- — 

7 crete retaining wall at the Junction Dam on a silt foundation®’ ranks among 5 
Mr. Buchanan applies the method of Fellenius to the dike slope. Fellenius, 7 
his book, _“Erdstatische Berechnungen,” attempts | to introduce shear or 
- cohesion and friction separately. . The latest edition of Emperger’s “Hand- 7 


bod for Reinforced Concrete” states that this leads to contradictions. The 
c method referred to by Mr. Buchanan concerns circular shearing planes. - Such 
shearing planes are already to be found in Coulomb’s original treatise (1821).* 2 
Coulomb preferred the plane shear surfaces, considering | the entire “wedge- 
shaped sliding earth mass as one piece ce for the simple reason that it lends itself — e 
more to differential calculus. _Fellenius, by using circles, has to 


stability; but Fellenius’ method suffers from many more approximations 
f the Coulomb method. He attempts to divide the slope segment in ol 
p slices which are supposed to be subject only to the weight and the friction at 


the base of the corresponding strip. This is definitely a gross approximation _ 
as each strip is also subject to lateral pressure on both sides, with opposite 


“International Congress for Applied Mechanics, Delft, 1924. 
1 


Theorie des von Tonschichten,” Charles ‘M. Am. Soe. C. 


"“ Hydraulic Dams,” by Glennon Gilboy, Vol. 4, No. 48, | 
™*“ Theorie des Erddruckes,” by Rebhahn, Vienna, 1871 

"“ Theorie des Machines,” by Coulomb, Paris, 1821. 
x of Hydraulic Fill Dams,” by Glennon Gilboy, Journal, Boston n Soc. 

Recherches sur la ecsstraction dee digues,” by Bossut and Viallet, Paris, 1 1764. 


"Transactions, Soe. C. Vel. 88 (1925), p. 1321. 


efforts to compute soil stability date from 1764 and before. Since 


are ee foundation 100 ft deep under artesian pressure, and successfully holding 40-ft 1 eae 
nan, head since 1923. None of these works needed the modern soils laboratory. 4 
lines _ That the computation methods are as approximate as they ever were is > ——- 
inter admitted by the foremost workers in this field. Thus, Prandtl** states that 
nan ff his theory on plastics is no longer applicable if stress changes with deforma- _ é a ee 
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BUCHANAN 


to more pressure tha the weight of the 
therefore, preferred to regard the sliding mass as one | piece. A _ A sub-division 
~. into strips without considering lateral pressures is a rough approximation that 
does not approach closer to the truth. If the vertical pressure is unknown, 
a division of resistances into shear and friction is also not possible. Engineers, 2 
therefore, are as far from achieving an exact solution with Fellenius’ method 
as they were with Coulomb’s solution. No one can say which method gives — 
closer results. In addition, a laborious trial-and-error method be used 
to obtain results as open to "question as ever ever. 
‘The Dutch method of building dikes on very soft foundations, by means of — 
a a sink-piece in the center of the dike, utilizes the upthrust in the center to hold 
the sink-piece while preventing the downward movement on both sides of the 
a center by means of the strength of the sink-piece. It is self-evident that com- 
puting the strength of the foundation merely | by “multiplying the depth of the — 
clay foundation with the vertical load per square foot and dividing this — 
the allowable shearing stress, in order to obtain the base width of the dike, 
can be classified only as a rule-of-thumb. The actual conditions are far too 
complicated to computed accurately by this means. The “writer” uses 
- Rebhahn’s method in such a case. The shear plane proposed by Mr. Haines 4 
-as reported by Mr. Hough i in ‘Fig. 38 can conveniently be rectified into two : 
alae lines joining in the perpendicular through the toe of the dike. The 5 
_ active pressures on one side must balance the passive pressures on the other 4 
Soil mechanics, at least to the present, has not visibly enriched the “tool 
= box” of the practicing engineer. Nevertheless, continued research — of 


= 


the greatest importance in spite of the paucity of practical results. A sober, 
critical examination finds recent enthusiastic reviews subject to * aie 
discount; but tests such as those Generibed in in the very 4 


to this paper, as the number and ‘their 
contents, are gratifying to the writer and are indicative of the general interest 
in the use of the relatively tool—soil mechanics—in ‘solving unusual 
problems arising in connection with levee design. It is natural that some 
Iti is the desire of the writer to add the name . of Arthur r Casagrande, , Assoc. : 
‘M. Am. Soc. C. E., as one who contributed much toward the development d 
the device, the details of which are shown. in Fig. 6, for obtaining e undistried 
Mr. Knappen’s ‘comments. regarding the levees in the ‘Lower 


Valley are most apropos. The writer concurs in the opinion that the general 


Transactions, Am. Soc. C. E., Vol. LXXXVI (1923), ot 
__* Assoc. Engr., U. S. Wa ‘Ex ent Station, Mississippi Riv 


___ directions of friction, which are not equal and cannot be omitted in a rigoroys _ 
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SOIL MECHANICS 
solution in so far as the design of | lev ees in the Lower Mississippi Valley was 
sound at the time it was developed and ‘used; also that much may be gained 
oy giving consideration to the modifications indicated by recently acquired 
Strohl’s discussion regarding | the application « of soil mechanics to levee 
design and presentation of typical problems encountered in the Lower — 


period is substantiated in the problem illustrated 


of are not as and direct as indicated. 
‘The restriction to mere mention of the effects of seepage forces on. the _ 
: design of ‘slopes of levees or dams was deemed advisable inasmuch as at the 
- time the paper was written, the writer felt (as indicated) that “further re- 

search” was needed. Some results are now available. ‘ 
é ie The stability of foundations as illustrated under the heading “The Design 
t of a Levee Unit,”’ is based on tests of specimens of the foundation medium 
in their undisturbed state. ‘Effort: is made to perform these tests so rapidly - 
that no consolidation of the s specimen occurs. Thus, the design i is based not 
on the ultimate shearing strength that may eventually be developed upon 
complete consolidation, but upon 1 the actual strength, in place, as nearly as 
The opportunity for full-scale research such as that mentioned by Mr. F eld 
is appreciated. Wid However, as he states, it will be some time before the results — 
of such studies ¢ can be reported. v Much stress, of course, must be placed « on 


a 


~“Teft” but follow. a straight course. Mr. Feld 
‘surface of rupture developed during the failure of a slope is not always a 
cylindrical surface. However, it is the understanding of the writer, from 
discussion of this phenomenon with field engineers who have observed numerous i 
f failures in the levees along the Lower Mississippi Valley, that cylindrical 
surfaces of rupture for these structures can be taken as typical. Each 
problem of this type must be considered separately. _ Attention is invited to 
e fact that the illustration regarding the design of a levee, in so far as the 
foundation i is concerned, conforms with basic assumptions as 


1¢ wealth of information contributed aed Mr. Senour i in his diseussion. of 
te design, construction, and maintenance of levees is most interesting. + The 
. concurs in | in the reinark, “Experience i is invalua able, 
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behavior, "experience is distinctly at a ‘disedvantege when it 
necessary to design in a field not covered by p prior operations.” Itisa 4 
= that deserves serious consideration, particularly by those who maintain 9 
pessimistic attitude regarding soil mechanics. . Mr. Senour's s descriptions a | 
the equipment used for the construction of levees along the Lower Mississippi — 
- River should explain to many the difference in the design between the struc- 
tures considered in the paper and those built elsewhere, particularly those 
constructed abroad. hand-made levee, as compared with those construeted 
_ by machines of large capacity, would naturally result in structures ' different nt to 
hl Professor. Taylor’ s treatment of the effect of se seepage on the stability “a 
side slopes, although it is only an method for simple 
_ appears to be sound and meritorious. The statement following Fig. 3 ¢ con- 
cerning the force, Fy,iscorrect. 
_ -Mr. Wells’ brief discussion of his observations of levees i in various localities 


is s interesting. The of designing side slopes mentioned, as advanced 


The writer | concurs in the statement that this new ‘w method i is an . improvement 
over the graphical procedure. — The basic paper appears to have served well 
one of the purposes intended by the writer in that it has brought into the open E 
Ry. a discussion of general features such as those presented by Mr. W ells. Mr. 
- Ww ells’ comments regarding the plan o of providing land-side drainage to assist 


in the solution of the problem of “sand boils” are worthy of consideration. wis if 
ie Mr. Streiff’s comments are interesting in that they show how others have = 
attacked the problem of levee design. It is natural that there should be § 
considerable difference in the designs of levees in in different parts of the 
Unfortunately, no information was | given regarding the 1 materials used and 
conditions encountered abroad. The writer does not agree with Mr. Streiff 

in his statement “for the | present, at least, the application of soil mechanics A ay 

has caused no visible y progress.’ ’ The interest manifested by the Engineering — i 

_ Profession both in the United States and abroad, involving foundations and } : 


_ structural stability of soils, appears more than to substantiate the writer's — 

general attitude as expressed in the basic paper. » 

Srantey M. Dore,” Au. Soc. E. (by letter) —tThe rating of 

7 grading curves o or - mechanical analysis curves into groups is s particularly ‘useful — 

_ in connection with foundation or borrow-pit investigations and explorations. — 


A 
‘The method of rating described by Professor Burmister in his discussion of 4 i 


- this Symposium and also in his discussion" of the: paper by Frank B. Campbell, a 

- Assoc. M., Am. Soe. C. E., is similar in many respects to the Kendorco classifica- a 

es. previously described!” and later revised in the manner shown in Fig. 72to — 
Associate Civ. Engr., Met. Dist. Water Supply Comm. of Massachusetts, Boston, a 


3 11 Graphical Representation of the Mechanical Analyses of Soil,” Proceedings, Am. 


By 


» 


Soc. C. E., February, 1938, p. 397. 


102 ** Permeability Determinations, Quabbin Dams,” by Stanley_ M. Dore, M, Am. Soc. 
E., Transactions, Am, Soc. C. E., Vol. 102 cas 937), p. 690, Fig. my vi a — 
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include more classes of finer ‘materials. _ The Kendorco system seems more 
simple, easier to apply, and more easily understood and used by engineers who | 
* not soil laboratory technicians. Its usefulness has been tried under 
practical construction conditions by the Massachusetts Metropolitan District 
Water Supply Commission and by the Board of Water Supply of New York: 
= A modification of this system has also been used by the U. 8S. Army Engi- — 
neers in connection with their studies of flood-control dams and dikes for the _ 
Connecticut River and this modification was described in a discussion’ of Mr. 


2 Campbell s paper by Frank E. Fahlq uist , Assoc. M. Am. Soe. C. E., and Mr. 


a> 
The use of mechanical analy: sis curves of borrow-pit materials for estimating — 


the yield of core material that will occur in a hydraulic-fill embankment when x 


Uniform Classes 


Passing 


{Variable Classes 


(Diagonal Curves) 


Percentage 


similar to. that Burmister. "The has noted, 
however, that there may be a marked difference in the yield of core materials acl 
ries obtained in construction from that theoretically indicated by the use _ 
of the mechanical analysis: curves in the manner suggested by Professor Bur 
ter. -Relativ large quantities of finer materials ar are trapped the 
beaches s and in the volumes between the beaches and the core. The theoretical q “ae 
estimate makes no allowance for this condition. Usually, the porosities of 
the core material are 1 radically different from those of the borrow-pit materials, 
~ although, in many cases, the porosities in the beaches may not be dissimilar. 

E h making any quantitative « estimate, proper allowances for these > differences i in 
Porosities must be considered. For these reasons, the writer does not accept 
the yield values given by Professor Burmister, for various hydraulic-fill dams, _ 


correct. They represent neither yield in percentages by weight nor yield in __ 
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elsewhere offsets the i ietietee in volumes due to differences in porosities, sia 
On the other hand, in the sluicing bin test, actual construction | conditions E 


» 


s ‘The writer is in accord with many of the ideas expressed in Professor Bur. 
-% mister’ s discussion, in that the grading or the mechanical analy: sis curves can 
be used more widely to estimate, in advance, the quantity and quality of 

_ embankment construction to be expected, using certain borrow- “pit materials 


BENJAMIN Hoven, 106 Assoc. M. AM. Soc. E. (by letter) —The 
have been helpful i in ‘making many valuable 
neteatiens: to the subject . Dean Hollister has emphasized the gain in 
stability resulting from contact of the embankment with the ‘Tock ‘Surface 


underlying» the plastic zone after complete displacement of the “clay. “His 
support of the prediction that failure would be “heart-shaped” 


Mr. Harza has emphasized the possibility of cracks and 

formed in embankments if excessive foundation settlement occurred during 

construction. consideration had not previously occurred to the writer 
since Passamaquoddy project. the effect of tidal action under- 

water construction would presumably have prevented such action. It is 

_ undeniable that a conventional type of earth embankment, particularly if if com 

pacted by ordinary methods, would crack severely during excessive settlement. 

_ Mr. Richardson has contributed so canaries to the subject of the = 


that comment is necessary. a slight mis- 


material was in the’ model ‘simply to determine the general 
teristics of the failure surface or zone. - Only qualitative results from the model 
studies were expected or obtained. nd Stress analy sis was conducted analy a 4. 

later: with the model results as a suide. 

Mr. Richardson’s presentation of a _ method of stress determination based — 
on 1 the theory of elasticity i is of considerable general value and interest, but 
the writer feels that in its present form it could not have been applied to the 

discussed in the paper. This problem was: (1) To 

a section with sufficient base width to insure against foundation failure; 
(2) to déterthine how far: an alternate, very steep-sided se section would penetrate 

into the as a of foundation failure; and» @) to make an 


nate to determine their 


by Messrs. Middlebrooks and Jiirgenson. ren: 
oe the writer believes that — methods could not have been used atall. 


—— 
— 
ifs 
— 
ae aa q J _ remolded clay used in the model tests was not intended to give a measure of — : 
_ a the strength of the natural foundation conditions. The effect of remolding § 
a 
relative costs. For the first part of the prol 
scribed by Mr. Richardson could well have been utilized providing the effect 


apparent lack of suitable methods for determining settlement. embank- 
ments as a result of foundation failure was the primary reason for developing — 
“Ss ‘The suggestion of Mr. Richardson that artificial mud waves be placed in © 
te early stages of construction as a stabilizing expedient to prevent subsequent | * 


sections 
ged to prev vent foundation failure) had base widths far beyond 
_ the mud waves anticipated for the alternate sections; and in these alternate — 
a sections final stability was dependent not only on the counterbalancing effect. 
4 of the mud waves but also on displacement of soft clay by the much more — 
stable embankment fill material, and decrease of the depth of the plastic layer. 
Ing som cases, computations indicated that this displacement would be so — 
eatensive as to result i in penetration of fill material all the way to rock, 
Mr. Creager has presented an argument, relative particularly to design by 
a model studies, which should be given serious consideration in all 
future work of this nature. - It is true that in these model studies, and all 
analysis by theories of elasticity, it is generally assumed either that embank- — 
= loads are transmitted entirely to the soil skeleton without regard to the 
_— ~pore water, or that a certain percentage of the load is transmitted to the soil 
and the remainder to the pore water; but in this latter case, insufficient con- — 
- shnation has been given to the direction i in which the hydrostatic forces are 
- dissipated. oe Analy: sis of the water forces at this time appears to be extremely 
complicated. However, it is felt that this consideration is an important one, 
- not to be dismissed with the assumption that such forces are negligible, anditis 
5 hoped that Mr. Creager will continue his efforts toward developing a solution | 


ip 


the paragraph which he devoted to the discussion of the writer’s paper. There 
to be no justification for his statement bey the impervious poe 


j 


impervious 


/ 


Run 
Cz 


addition of the blanket affect stability but this effect 
was analyzed and found to be insufficient to displace the rock-fill after ‘the — 
. completion of its construction. The writer appreciates Mr. Feld’s reference _ 


to the foundation treatment termed ed “floating foundation,” consisting of | fine ee 


= 


oe The writer takes i issue with certain of the statements made by | Mr. Feldin 
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data available to the latter were limited to the results of a few, conti 
unreliable wash-borings, whereas the writer had access to data from an extensive 


BR sw of undisturbed sampling and a complete series of laboratory tests. oh) 


In preparing this final discussion the writer was fortunate in having had c 
_ the assistance of Mr. Haines who was largely responsible for developing the — 
- method to which his name has been given. It is believed by bi both ‘Mr. Haines 
and the writer that the problem discussed in the paper requires extensive 
additional study, and it is hoped that supplementary methods of analysis will ca 
endl 
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“ean = valuable in such applications as were discussed by the footnote references, 3 = 
Aa _ The writer’s studies, however, indicated that it would have been entirely ae Ea 
inadequate in the case of the Eastport structures. In comparing the writer’s 
A 
— 
— 
q 
— 
— 
— 
= 
4 
— 
— 
— i 
a 


— 


_ AMERICAN SOCIETY OF CIVIL ENGINEERS 

Founded November 5, 185200 


im 


ay 


DESIGN OF REINFOR RCED CONCRETE a 


By PAUL ANDERSEN,’ Assoc. M. Soc. C. E. 
— 

Wirn Discussion BY Cc. W. Deans, L. E. GRINTER, BRUCE G. 
Jounston, Dean PEABODY, Jr., WALTER H. W HEELER, A. 
W. Lane, A. A. Eremrn, Haroun E. WessMAN, AND Pav. 


the method of successive approximations.* 2 For a given torsional moment 
economical section is the square. If it is reinforced with 45° spirals such a 
_— lends itself to mathematical investigation and a rational design pro- 
cedure can be developed. The percentage of reinforcement in a rectangular 
section can also be approximated. For convenience of reference, a complete li list 
” the letter symbols used in this paper is given in the Appendix. — Ke 


DISTRIBUTION OF ‘Torsion AL Momsnrs— 
rn That the method of moment distribution can be applied to space structures? © 


ia has been demonstrated by Hardy Cross, and N. D. Morgan, Members, Am. Soc. = 
_ C.E. In order to find torsional moments in a . three-dimensional frame it is 
= ‘necessary to supplement the “flexural” beam constants with “torsional” beam a 
constants. Torsional stiffness is the moment which, applied at one end of a 
i member, will produce unit rotation at this end, while the other end is fixed. 
It follows that the torsional stiffness of a member of length, L, is: ant t3 a8 
y which E, = the modulus of elasticity in shear; and T = the torsion factor — 


Which, for a circular the polar moment of ond for a rectangular 


Prof. of Structural Eng., Univ. of Minnesota, “Minneapolis, Minn. 
tn Frames of Reinforced Concrete,” Hardy Cross and N. D. Morgan, Members, Am. 7 


E., John Sons, p. 117. 
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being the width, and d, depth of the member. torsional carry-over 


 factori is ratio of — Ww which M is an arbitrary moment applied at one cad 
M’ 


of the member, which is assumed as free to rotate, and M, is the resisting — 
moment at the other end of the member, which is assumed as fixed : against 
rotation. These two moments, of course, are always equal, and, therefore, the : 
7 Fixed e nd torsional moments are directly proportional to the ‘distance 
from the point of application of the external moment to the opposite support, — 
. _ Thus, for a beam with a constant moment of inertia, t the fixed end torsional 

it in which m and n are the distances from the applied moment to the fixed ends, Ee 
spectively. If members subjected to torsion join members in flexure, 


re 

flexural stiffnesses of the latter are expressed — 


If the relative stiffness of a member in flexure i is expressed by = , the Telative 
t 1 sti iffr Il be 1 


— 


“ments ina space structure due to an eccentrically loaded beam. The problem — is 
is conveniently solved by considering first the effects of the direct load on the : 
center beam as in Table 1(a), and then the moments due to the torsional mo- 
a ment as in Table 1(b). For the sake of simplicity, side-sway is neglected evenif 
there is some side-sway present, due to the eccentric load of 150 kips in Example - 
(a), Table deflecting Points A and It is customary, in plane structures, 
_ to stop the process of moment distribution after a distribution, since the su sum of P 
the moments around a joint should equal zero. However, in a space structure 
_ this will not make the torsional moments i in the members | balance and the — 
- torsional moments (external and internal) in any one member should balance. — 
It is just as correct, of course, to stop after having distributed the flexural : 
moments as after having balanced the torsional moments. — If the process is i 
carried to the p proper number of distributions it may be stopped after either, as By: 
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— REINFORCED CONCRETE: IN TORSION | 
ae a“ It should be noted that the ‘flexural and torsional 2 moments in Table 1 can 
= also be found by the slope-deflection method. The unknowns will be the 
ry ‘rotations of Points A and A’ in the two perpendicular planes; this makes a total 
oa of four rotations, which can be determined from the four onan expressing 


(a) Errect or Direct Loap on THE Moments Due To THE TorsionaL 


Beam 


AM| A’M’ | are| arp 


Type of re cl. 
ratio. .| 0.2 | 0.3] 0.2] 0.3] 0.3 | 0.2] 0.3 | 0.2 || 0.3/0.3/0.3/0.1] 01 |0.3| 03 


0.5| 0.5 | 1.0! 05 | 1.0 10 |0.5] 05 


200 


16 || —60| —60| —60| —20 30 | 
~ 

5 || -1 6 
21 || —63| —63| —63) 36 | 36 


The ma maximum unit torsional shearing stress in a section 


baw Um = | 1.8 + 
For a given cross-sectional area this stress (which occurs at the middle of the 


if .* side, _d) is a minimum when b = d; in this case it can be expressed by, ; 


total vertical shear, V, ‘equals, 


is on the area of the 
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j 
As a the bending moments that accompany heavy t shears and 


- fore, is interested primarily in eqente sections or in sections that are nearly 
‘square. It should be noted that, in some 2 cases, the beam that has a width 
- greater than its depth m may be still more economical than the s square, because its 
“maximum torsional shearing stress occurs where the vertical shearing wt 
CoNncRETE IN TORSION | 


mae a elveter concrete ‘section, yn, reinforced by a a 45° spiral (Fig. 1), is subjected : 
torsion , and it is assumed that this reinforcement takes all tensile 


45° Spiral 


Reinforcement 


= 


val ox 


q 


than the permissible tension for plain it can shown that 


i= a = (v, — (3 v + ad) 


in which, N = number of bars, 45° to the by a ‘a horizontal plane; 


8 


v. = shearing stress along the edge a a cylinder, produced by a twisting F 

moment, M; = permissible unit 1 tensile stress for concrete; p. = radial — 

distance i in a cutting plane, measured from the a of a cylinder to 
the edge; p, = radial distance to the steel reinforcement; s, = permissible unit 

tensile stress for steel; and F = a reinforcement efficiency coefficient relating — 

to the variation in tensile stress atone the edge. The coefficient, F, is always 

_ less than one and will approach F = 3 as the pitch of the spiral decreases, yl 

_ being the ratio between the area of the parabola representing the variation of i 


+**Experiments with Concrete in Torsion,” by Paul Andersen, Transactions, Am. Soc. C. E., ‘Vel. 7 : 
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DESIGN OF REINFORCED CONCRETE IN TORSION 
searing g stresses along the edge and the area of the gle expressing» 
uniform tensile stress in all the steel rods of the spiral. 


lt cis the perimeter of the spiral and p the pitch, it is seen that ial 08 


3 
2, substitute Equation (12) ; in (11) and transpose: 

tls For 8 given square subjected to a known torsional moment all quantities in 
-— Bquation (13) are known except A,, the cross-sectional area of one spiral rod, 
and the pitch of t the spiral. The designer has the choice of s selecting either 
one of these unknowns and then to find the corresponding value of the other. 
na ae design of a reinforced concrete beam in torsion is shown in Fig. 3, in . 
a which the main reinforcement consists of five 1-in. round bars, top and bottom; 
vertical stirrups, }-in. round bars; and the spirals, }-in. “pound bars. The 
maximum torsional moment in the beam occurs when the eccentric load on the a ys 
i beam i is close t to the column; the moment distribution | for this case is indicated i in ; 
“Table 2. It should be noted that whereas the maximum vertical shear along 


cig the beam varies according to a curv ed the torsional moment 


i 


in,: and the maximum torsional shearing stress i is, Um ~ 3 400 00 ia Ib 


7 va 
+The in should be designed first for or vertical shear, adopting a lower 
allowable stress in the concrete, and then for torsion. — _ Suppose that the total * 

ie ry shearing stress for concrete without web reinfercement is 90 lb a 
- 8qin.; it is now assumed that this stress can be divided into two parts in pro- | 
= to the magnitudes ¢ of the vertical and torsional shearing stresses: Of the ~ 


porary shear the concrete + ek 275 * XxX 90 = 44 lb yor er sq i in.; eee of the tor- 


lane; ional shear, it takes = 46 lb in. 

radial 


unit = (139-46)%(3 x 139" + +2 x 139 x 


“in. round rods for the spiral gives,p = 1.97in, — 
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giti A 23-in. —— spacing, as indicated on Fig. 3 = ill give a pitch somewhat ; 
less than required and, therefore, is on the safe side. Equation (13) is now used _ 
3 
to compute the pitch, p, p, at the quarter-points and mid-span. sta 
q >< (A 
q 
SDK 


‘Outside! Spiral | = 


3@10"=2'6" 


nil be bes 


— 
, 


Inside Spiral 
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Concrete i 
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that the value of Pe pe be taken 


pits at 


= in which p- 
rectangular section. ps (the distance From th center of the section to the: 
TABLE 2 


0.08 | 0.33 | 0.33 | 0.08 | 0.18 | 0.08} 0.33 | 0.33 | 0.08 y 


ua | ub 


O18 | 0.08] 0. | 0.08 | 0.18) 0.08 | 0.33 


Cany-over factor. . 0.5 0.5 5 jos | 05 


te 
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spiral reinforcement) should be assigned the value of 4s less the distance from , 


en the center of the spiral to the outside of the beam. The efficiency coefficient 
hould also be somewhat reduced; in view of the lack of experimental data for 
k rectangular sections, however, the writer suggests is that tl the value of two-thirds 


be used also for rectangular beams, and that the same weight of spiral steel od 
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_ It would appear that in a rectangular section, designed in this manner, the : = 

reinforcement would be over-stressed along the center of the long side and a . 

_under- stressed along the center of the short side. To the writer, however, it ie 

seems a reasonable assumption { that, to some - extent, the presence of equal i 

Boge we of spiral steel in both sides will re-distribute the shearing stressesto § 

y a 

of the long side. For -Fectangular sections 

1. the writer believes the e method outlined to be safe. 


paper outlines the various in ‘the of | conerete i in 
torsion. The | Cross method provides a useful tool for determining torsional > 
moments in a space structure. 


- The square section, which is a good torsion shape, can be reinforced effee. 


tively against torsional stresses by the 45° spiral. The quantity of reinforce- i 
- ment can be found by a procedure similar to the accepted practice for designing. - 
Teinforcement for shear. This procedure can also be followed 

i The following gta introduced in the paper, conform essentially with 3 
“Symbols for Mechanics, Structural Engineering, and Testing 


4 compiled by a Committee of the American Standards Association, with Society _ e 
representation, and d approved by the Association in 19325: 
A = area; A, = cross-section area of steel bars; jo — 
Bie b= = breadth, or the short side of a rectangular section; arin ove 


° 


: perimeter ofaspiral; 
depth, or the long side of a1 rectangular section; 
modulus of elasticity; = modulus of elasticity in shear; 


_ Pe a reinforcement efficiency factor that allows for surface tension taken 
“se oo eh 


stiffness; Kp = flexural = torsional stiffness; 
= M = bending moment; an arbitrary 1 moment applied at one end of s 
ioe Dae member; M; = fixed-end moment; M, = torsional moment; an 
=< = a distance from the fixed end of a beam (see, also,n) = ba by 
a . Re = number of bars, 45° to the axis, cut by a horizontal plane; 


i 


~ 
~ ge 


n = a distance from the fixed end of a beam (see, also, m); 


= unit stress; = permissible unit tensile stress for concrete; 8, = 


4 ‘ 

— 

— 

4 

— | 

— | 

a 

f 

a 

| 
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T= torsion factor = polar moment in a circular s section; 
= - unit shearing stress; ¥m = maximum shearing stress; Um = maxi- 
‘mum unit vertical shearing stress; v, = shearing stress along the 


edge of a a cylinder, produced by a tw isting moment, 


‘Saag a cylinder: p, = radius to the édge; p, = radial distance to 


the steel reinforcement; p’ = radius of a circular section, antl 

alent in strength to a rectangular section. 
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nova 
W. Deans, Esa. (by letter) —The interesting method p 
Professor Andersen is rational, and the resulting designs appear to be ofa 
_ The material in Table e2e could be presented in ‘each a manner that the final q 


results are found n more readily by inspection. ‘Table demonstrates the 


ABLE 3.—Suacesten or T ABLE 2 


~ 


zt 


Deseription* 


z | ze 


+19 | —140 | —140 


. = stiffness ratio; C. F. = carry-over factor; F. M. = fixed-end moment; D. = distribution; 
= moment. + See author’s Fig. 3(c). 


thet the joint are balanced at ‘this If the individual carry 
over moments (see “ C. M.” ” in Table 3) are recorded as shown, the total | un 
balanced moments that are ready for distribution at each step are apparent. 

a are identical to corresponding members meeting at J oints x and 
tively, and can be omitted. 


__ Attention should be called to “Equation (12), in which p is defined, 


pitch at right angles to the spiral bars and not the distance between bars 
- measured parallel to) the axis of the spiral. The writer had some d difficulty 
in checking the formula until he recognized this fact. 


L&E. GRINTER,’ M. Am. Soc. (by letter) —The th thought | of study- 


ing a continuous framed structure as a space problem may seem a oat 


refinement that strains all practical conceptions of design. However, the 


writer takes: the position that 1 no refinement of analysis i is) wasted that ¢ clarifies 
the picture of the action of the structure. Certainly it is a serious crudity to 


Western Bridge Co., Ltd., Vancouver, 
* Director of Civ. Eng., and Dean, Graduate Dw. 


in the example solved, the moments in members, meeting at Joints u and » | 
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| ye | ey | | ob | | 
RR... ... 0.08 | 0.18 | 0.08 | 0.33 
.33 | 0.33 | 0.08 | 0.18 | 0.08 | 
105/05 1.0 | 10 | 05 0.33 | 0.83 | 0.08 | 0.18 | 0.08 033 
‘Total.......| —5 | —10) —5 | +60) +60) +19 2 
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‘neglect the of ‘lavge beams and girders in the 
ot continuous frames. Whether a full space-frame study can be justified will 
depend largely upon the relative flexural and torsional resistances of the — 


Distribution Factors.—The stiffness factor is proportional to for a 


hereas this is for a circular section, course, 
iy the polar moment of inertia. - In this form the comparison is evident although — 


the latter "expression can be determined readily from an elementary study of 


virtual Since 0 and since both T and the real and 


e 


be constant and equal to unity, = ; and the 
factor, becomes —— . Obviously, the ca: carry-over factor is ‘unity 


a torsional moment passes from one end to the other of a member witho 


a Signs of Moments _—Several sign ‘conventions would be possible in the : study 
Teak of continuity in space frames. However, there seems little justification in this 
ae case fe for rany conv ention other than the one introduced d by the writer for bala nc- 


ing moments in planar fram zi Although a sign conv ention based « on fiber 


= 


Counter-Clockwise at 4 Clockwise at B 


or torque moment) is one which tends to rotate the 


Clockwise. Fig. 4 4 illustrates this sign convention applied to torque moments. le, 
‘S: _ The sign of the ca carry-over factor based on the foregoing sign convention has — 
‘the usual positive value for moment distribution. _ Furthermore, a positive 


sections, Am. Soc. C. E., » Vol. 96 (1982), Pp. ob 
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tilever moment negative) may serve adequately for continuous 
udy- passably for planar frames, it is fundamentally unsound for 7 
gts a y of space structures because of its inapplicability to torsional problems. -_ = ae 
— 


"planar frames, therefore, remains unchanged for solving space frames, No 
confusion is possible if one alway: ays s considers only the action of the member a 
the joint, which is the fundamental pe used in classical truss anal 
Fixed-End To orque —As the author mentions, when an internal 
_ torque moment is applied, the fixed-end torque moments are supposed to be ye 
. _ inversely proportional to the relative distances to the two ends of the e member. : 
For instance, if a torque moment, eA is applied to the ‘member, AB, as bh 
aia This will be nas from the fact that the sotuiion over the length, a, must q 
. Since the rotation is proportional to 
the acting torque moment and to the 
fy. length, the relation expressed i in Equation — ; 
(15) follows for homogeneous: beam, 
‘Fora haunched beam or one in which 


0. 5, becomes 1. 0 for moment. The entire sign convention 


4 


addition of much steel for shear 
resistance, this simple relationship does 
not hold. Approximate fixed-end torque 


still be found by an integration. ie 


“= riter we attention to the fact that such fixed-end torque moments must be 


curacy. tis is s worth mention that resistance or stiffness for 
‘concrete | depends very largely upon the resistance of stirrups, the most un-— 
quantity in the analysis of reinforced concrete. In contrast, the 


- flexural resistance or stiffness of a beam is dependent principally upon the action 
_ of tension steel, the most predictable factor i in the analysis of reinforced concrete. ‘s 
— rrangement of Computations.— —The author ‘appears to favor the use of - 
tabulated coefficients for his analysis. More than a decade of experience with - 
the method of balancing moments and with numerous similar balancing pro 
- cedures seems to have convinced the originator | of the method? and others who 
have used it widely, that such tabulation leads to no benefit. In fact, it . 
ee Aron the major reason for the choice of the method of balancing moments; 4 
that is, the close connection between the action of the structure and the arith- — 
procedure ¢ of the computations. ‘The use of a table of moments leads to 
purely routine procedure and divorces the computations from the possibility — 


7. of their interpretation as successive causes of the structural action. Fig. 6 wae 


*“ Analysis of Frames by Distributing Fixed-End Moments,” by Hardy 
Cross, Mz. Am. Soc. '. E., Transactions, Am. Soc. C. E., Vol. 96 (1932), p. 5. “= 
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GRINTER ‘ON DESIGN OF CONCRETE IN TORSION 
_— to show ie simplicity of arrangement of the c computations at their 
proper places on line perspective of the structure, 
_ These computations also illustrate the desirability of combining torque and 
‘flexural moments into o one pe although they must be entered in the ee 


4 icoel moment can turn into a torque moment in passing around a corner. 

- Since torque cannot be studied separately from flexure in space frames, there “ 
Ss seems little reason to separate the terms in the manner suggested by the author. bs) 
. final point to notice in Fig. 6 is the separation of the flexural moments in __ 

4 the columns under the heading of F and F’. This designation is used to indicate ie 


that these flexural moments act in different planes and, hence, must be applied — 
_ Accuracy in Balancing M oments.—It will be noticed that the final moments — 
ope in 6 hasty not check < exactly with those shown by t the author in | 


F 


= 
used in Bala ‘Ay Ay By B 
‘Fic. Moments FOR 4 Space Frame. 


Would be m more accurate than the standard tools of internal stress analysis a 

_ teinforced concrete sections. _ For instance, one flexural moment is computed ae 

8875 kip-ft by the author and as 77 kip-ft by the writer. _ The variation of a 

= about the standard of accuracy that the writer considers desirable for the ‘s 
analysis of concrete framed structures. Naturally, it is understood that this — 

value does not represent the probable inaccuracy inherent in any attempt to 

Fa predict the true stresses in the actual structure. 
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--—- eonerete section under torsion. | This analysis is subject at least tot the same _ 
in the past has been directed to the analysis of reinforced con- 
_-— erete beams. Actually, one should feel some question about the use of Equa- or 
tions (6) to (14) until tests have justified the author’s procedure in the same 
_ manner that they have justified the ordinary theory of reinforced concrete 
a8 beams. However, it is natural and proper that theory should precede full 
aa One interesting feature of the design of a reinforced concrete crane girder 
_ for torsion, as indicated by the author, is the use of continuous diagonal stirrups, — 
i > Since vertical stirrups and horizontal rods have been found quite adequate for 
A resisting diagonal tension resulting from shear and flexure, there would seem to 
Be _ be no necessity for changing this proved and simple device when torsion is 
= Bo present. Failure is still by diagonal tension. The design criterion should still ae 
eee be to ‘space hoops of any type in such a manner ‘that every crack must cross at _ 
least one shear bar which itself is anchored adequately. The slope of the bar 
is! less important than its area and anchorage. = 


e has clarified th the 


4 


‘many data mat the analysis and design of reinforced concrete space e frames, ex 
which torsion is almost inevitably present. — Perhaps this excellent paper may % 
help convice designers that iti is not too difficult, | or rat —_ not t impossible, to 


‘Bruce G. Jounston Assoc. M. Am. Soc. C. E. (by letter). all 

structural frames of the so-called “rigid” type are space frames; few are analyzed 

“3 such. -. In many cases there is little interaction between the various planes of © 

the structure, and the analysis may be satisfactorily divided into separate plane ri 

: problems. In frames of the type represented by the author, however, the " 

_ three-dimensional analysis is essential because of the torsion introduced. ‘ae 

= design direct torsional loads should be avoided wherever practicable. ie 

_ Three general types of deflection occur in a member of a “rigid” ream 

= ‘can be bent, twisted, or deformed longitudinally. A complete analysis of such — 


“iy statically indeterminate structure would include the effects of f these three 


4 


- types of deflection. Only in “hybrid’”™ structures, « or in structures of unusual — 
proportions, does it become necennary to consider the effect on the analysisofthe =| 


—— interaction of two, or possibly : all three, types of | deflection. . The 


ee effect on the design, or total deflection, may | be another matter. The author 
presented, in an orderly manner, the application of the Cross method of 
moment distribution to the analysis of the combined bending and twisting 


a: .. eee writer wishes to point out certain variations which occur in extending a 


= author’s method d to be beams of non- uniform cross-section, or to cases in which 

structural steel beams are used instead of reinforced concrete. It is first neces- 
A my to discuss the basic torsion constant, denoted by the symbol, T, in the 


“ee ae ae 1%” Asst. Prof. and Asst. Director, Fritz Eng. Laboratory, Lehigh Univ., Bethlehem, Pa. 
ee «41 See “ The Relation of Analysis to Structural Design,” by Hardy Cross, M. Am. Soc. 


BL, Transactions, Am. Soc. C. E., Vol. 101 (1936), p. 
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In 1855, Saint solution of the torsion of a prism of 
f rectangular cross-section. 2 In Fig. 7 the writer has shown the deviation of 
ies Equation (2) for the torsion constant from the solution of Saint Venant. Itis _ 
os seen that this formula is most nearly correct for the square section, and that an a 
; error of only 6% or less is introduced for ratios of long to short side as great as 4. - 
_ ‘Wfthe ratio of the long to the short side is 1.6, or poset as is the usual case for | 
beams designed primarily for bending, another simple formula gives a closer 


ie 7. ‘The reste error is for the square section (about 12.3%) but it 
deems rapidly to a negligible quantity as the ratio of side lengths increases. ¢ 

The writer introduces | Equation (16) principally because it is in a form which is 

easily integrated for determining the torsional distribution factors for the 

- important case of the haunched beam. _ The use of the exact solution is’ im-— 

practical: since it is in the form of a series and, Equation (2) can n be 

‘integrated, it yields a very 


inal adi 


ia 


TE 


_—DEVIATION OF > ATE F ORMULAS FOR “Torsion 
Factork oF RECTANGULAR SECTION FROM EXacT SOLUTION 
If a torsional moment is applied at any y point of a straight beam, the adie 
in ken (3a) and (3b), has shown that the distribution to each end will 
a he inversely proportional to the length of the segment. — - Such will not be | the | 
s for a beam haunched at one end, or at both ends, and this : case will now be 


studied for the straight haunch. _ The additional notation required is given 
* in Fig. 8, in which d,; = least depth of haunch; d: = depth at wall; and, 
la = length of haunch. . The angle of twist ‘caused by a constant 


“= 
ment, M,: in an elemental length of haunched section is given by, —_— 


= 


““Torsion des Prismes,” by Saint-Venant, Paris, 1855. 
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CONCRETE IN TORSION 


For the total length of of ‘the haunched shed element, priate! _ the total angular: twist 


_ Assume that the breadth, b, is constant and that the torsion factor, T, ata any 
‘point in the haunch is given by Equation (16). The depth, d, of the © haunch 


‘in which x z is the distance from the shallow en end of the haunch, _ i Making this =f 
substitution in Equations (16) the gives, for the average 


"Designating by Tr the effective or average torsion constant over r the length of 


in which Cy is a factor 


tion that >12%>10, 
Fig. 8 values" of CH 
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a JOHNSTON ON DESIGN OF REINFORCED CONCRETE IN TORSION p> a 

The torsional stiffness for the combined segment will be, rales Yah! estes” 


‘ and the torsional moment will be distributed to either end in proportion to the - 
torsional stiffness of that particular segment. 
‘The application to an actual case will now be illustrated. Assume a concrete bo 
beam 12 in. wide and 20 ft long unsymmetrically haunched as shown in Fig. 9, - 


144" 


20 0" — 


fe a a torsional moment, M, applied 5 ft from the - —_ For the I 


the left end: = 1.5; dy = = 2.0; and (22)), 


‘Ty =7 660 ins 


93 
the ‘section, 16), 7, 18 X12 ( 1 0.63 X =) 


= 6010 in.‘ Substituting j in Equation (24), the torsional of th 


parts of the are At the left, = — = = 150. 8; and 


the right, 34.8. ‘From these v values the 


distribution factors to to give e the fxed-end torsional M, thie left and 


wer 


at ‘the rigt right At At the left: M, = 


right end, M;= 1508 + 34.8 M = 0.188 M, instead of 0.75 0. 25 a 


| ae The torsional stiffness of the entire os may be obtained by similar 


“computations or ‘directly from and Kz as follows: 


im 
wist 
(18) 
ae 
any 
(19) 
— 
| 
rage ; 
ae 
— 
— 
im 
| the be > a | be 
ctors ehding-moment carry-over and distribution factors will need to be com- — a Bic. 
nt. d by use of the column analogy, from the generalized slope deflection 


in which the members are are steel aa beams 
of concrete, another factor affects the torsional distribution constanta 
appreciably. The usual to factor i is calculated on the assumptions that 


of the wary warping of the section at a fixed end has a effect. ¢ Pp. 

Werner, Assoc. M. Am. Soc. C. E., has discussed‘ the general problem of asteel 

bea m fixed at each end and wublected to a twisting moment at any point, which 

directly, the torsional distribution factors for such a aces, 

_ Since these formulas are developed elsewhere, and require considerable 

routine calculations, only the results of an actual case will be given here, ) 
a Assume an 8 by 8-in. wide- flanged beam at 67 lb per ft, 16 ft long, fixed at each 


end, with torsional moment, M, applied at the It is found 


writer has discussed two cases in which the torsional distribution factors. 
_ cannot be treated as simply-as in the case of the rectangular | beam of uniform 
Fic which was used in the author’s example. _ In some cases, ‘the 
resulting variations will be negligible, but in other instances they’ will appreci- 


Dean PEaBopy, JR., M.A Am. . Soc. C. E. letter).- -—This paper 
marks a distinct advance into one of the unexplored | areas: “of reinforced 
concrete design. - The discussion of torsional stiffness and the distribution 
ome torsional moment in a space frame is of value to the designer wh fA 
For the stress. analysis : at a given section the author makes torsional com- 
~atiiione independent of bending computations for fiber stress, shear stress, 


or diagonal tension. His | design equation for the section i is based 


thus makes for consistent design. — _ Equation (13) gives the useful wis 


A, 


“+, which ¢ enables ¢ one to choose the spiral reinforcement _ immediately. os 
4 For a square section the maximum shear stresses oceur at the center of 
each face. . The illustrative computations for the problem of Fig. 8 3 apply 

to Particle A of a square section (Fig. 10), and the torsion reinforcement — 

should be supplied at Point A 1 for this s section. ‘At Particle Cc on the op- 

posite side the shear ‘stress, Vp, due to the vertical shear force, 

torsional shear stress, v7, due to the torsion couple, Mz, — 

direction. For the beam of Fig. 3 the net shear stress me Point C po 


Ib per sq in (upward). Therefore, at Point no "diagonal tension or 


-- 8“ Structural Beams in Torsion,” by Inge Lyse, M. Am. Soc. C. E., and Bruce .- : 
Johnston, Jun. Am. Soc. C. E. Transactions, Am. Soc. C. E., Vol. 101 (1936), Dp. een 


1% Assoc. “Prof. of Structurel Design, Mass. Inst . Tech. . Cambridge, Mass, 
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meer = tions, or by reference to previously published diagrams. The analysis then _ 
ao a b there is a localized increase in torsional stiffness. This increase is insignifiesst 
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the steel to. 


Due: to the of the spirals less torsion reinforcement m ‘may be. 
- supplied at Particle B than at Particle A but, since there is no shear 7 


- stress, vg, the full allowable shear stress of 90 lb per sq in. is permissible, — p 
“although the spiral steel at A was computed for an allowable stress of 46 oe 
Ibr per sq in. The reduced number of spirals at B will be e safe, except at 
the support where the shear forces [| to 
large. It would appear, then, ‘that ae 
the torsional design for square sections | 
usually adequate when only the par- 
“tide with maximum total shear stress 
recommendation has been made 
for the allowable shear stresses, but the ™ 
writer assumes that the customary val- an qoib beset 
the total allowable shear stress at bine 
The author ‘apparently uses uses hoops Fic. 10° 
for the spiral steel. It is difficult le 
_ wire inclined hoops securely, and the writer believes the added cost of 
welding these hoops to the longitudinal steel is justified. (ftw 
i Square cross-sections will undoubtedly be chosen for members s with: laree w 
torsional moments, as the author states but many wall beams and spandrel 
i ‘girders ‘of rectangular shape are to torsional moments. Still more 
g are poured integrally with the slab and the design section is angle or tee- 
shaped. authoritative discussion of the design of such sections must 
te: wait a comprehensive program “of tests. and inspection of existing struc- 
 Watrer H. Wa HEELER,"’ M. Am. Soc. C. E. (by letter).—The principles 
set forth in Professor Andersen’s paper have important significance when 
tae to the determination ¢ of correct moments of resistance in flat slab 
structures. Numerous tests on flat slab floors have shown a consistently wide 
greement between the stresses determined by the commonly accepted 
- beam-strip theory of analysis and the actual stresses in the structure under load. 
Various authorities have explained the discrepancy ¢ on the theory that the 
“tensile strength of the concrete was responsible, whereas it would appear from — 
- the paper that a more logical explanation would be the torsional resistance of 


Since the torsional resistance is based upon shearing : strength and not upon — 


- ‘lensile strength of the concrete it would seem logical and proper to give credit — 
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FLORIS DESIGN OF REINFORCED CONCRETE 


the 


t's Western Newspaper Union Building, in Chicago, IIl., in 1916, in which a 
_ adjacent panels were loaded. The panels were 17 ft 5.5 in. by 19 ft 4.5 in, in, 
- * with a nominal slab thickness of 8.5 in. The actual slab thickness at the edge B 
oof the column capitals was 8.35 in. The diameter of the column capitals was 
4 ft | 6 in. and the design load Was | 250 lb per sq ft. The test load over the full S 
area of four panels v was 913 lb per per sq ft ‘and the minimum recovery, of the = 
alter loading was 75 percent. = 
— Itis is to be hoped that the torsion theory will be developed for flat slabs and 
that more accurate formulas will result. It has seemed to the writer that the | 
report of the Special Committee of the Society on Concrete and Rein. 


i 


— 


- basis than the more recent formulas of the Joint Committee on Speci- 


- fications for Concrete and Reinforced Concrete particularly a: as to. slab thickness pe: 
where drop panels are not 
required where rop panels are not use lt he 1 
If the only aim is to be conservative without regard to accuracy, designers — 
~ should perhaps be satisfied with the present | thickness formulas. If they are 
seeking economical designs which are reasonably. accurate, these hikes 
ae progress report of the Joint Committee on Specifications for Concrete 
and Reinforced Concrete for 1937,!* gives a basis of determining slab thickness 
which is reasonably accurate and then recommends that having found this 2 
accurate thickness, 20% be added to it. The Committee proposes 
adding 20% to the thickness that would be determined as proper according to 
the 1917 report on the design of flat slabs.'* Following the Joint Committee's 
recommendation, the slabs i in the Western Newspaper Union Building would = . 
; be increased from 8.5 in. to approximately 10 in. thick for 3 000-Ib concrete. ) 


_ By the application of the torsion theory to this slab, a reasonable and ready 2 


~ explanation is found for its remarkable . -performance, and the necessity for — 

increasing the thickness is not apparent. 
a urther data on thickness of flat slabs with capitals and without drop — 3 


panels are given in a published by the writer. ot 


ray 


Esa. ( (by letter)—From the academic point of view, the 
author’ 8 treatment of Tigid frames, as 8 systems in space, is valuable and ee 


re 


- tive. I In practice, however, there may be some e question. ‘The solution of Lael 
problem, even as applied to the simplest frame, is too complicated to be prac- 
= - Consequently, the application of the method to frames as ordinarily 


ay Bulletin 106, Eng. Experiment Station, Univ. of Illinois, Urbana, Tl. i. 


4% Final Rept., Special Committee on Concrete and pase oe Concrete, Tra 
Am. Soc. C. E., Vol. LXXXI (1917), p. 11385. 


alt 
Not yet published; see, also, “Comparison of Actual Flat ‘Designs with Cole 
Requirements,” Engineering News- Record, January 28, 1937, p. 132. 
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By + + Myaon + Muara = 


designed will be out of howe question, if the problem is complicated by 
If one considers that even a beam stressed by pure bending may be sub- 
jected to twisting moments by a beam connected to the same column, under a — Py a 


certain angle, it is evident that the proposed method i is too theoretical to be 


‘- building frames | as a plane problem 
avoid direct torsion and, if this is not should least n minimize e its 


modifying the design, 


By The intent of this discussion is not to criticize the author’s efforts, but to’ 


~ emphasize the need for keeping in mind the practical applicability of the theory. ‘ 
Professor Andersen deserves much credit in focusing the attention of engineers _ 
4 the comparatively unexplored field of torsional resistance of rigid frames. io) 
A 


W. Lane Jun. . A. Cc. B. (by letter) —Due mainly to the 
desire for simplicity and a lack of adequate information, torsional stresses have 

- been largely ignored in structural design. Generally, they are small in com- 

_ parison with the flexural and shearing stresses, which makes a two-dimensional _ 

lution sa satisfactory for most structural problems. onde 


method to analysis of three-dimensional but dismisses the 
, by the slope deflection method with a general statement of procedure. - Since 

certain methods are more adaptable to one type of problem than others, it is | 

_ deemed advisable to show the application of the slope « deflection method to : 2 

frame similar to that analyzed in Table 1. 
_ The writer has assumed a length of 15 ft for the side - members, and a 
of elasticity of 3 000 000 lb per sq in. The position of the assumed 
q AB, A ¢, A’ B’, and A’ were e to he mene. proportion 7 
F of the external torsion; ‘and ‘the frame, DA A’D’, was to take tl the greater pro- 7 

stiffnesses, as in Equations (4) and (8), the joint equations 

") 4+ = 25. 0 eat 2. ~ 1. 0= = (25a) 


+ Myacy + Muam = oa — 1. 0= 


solving, 


in the plane, DA A’D’; and a = vk 00685 radian, and aon = no 00367 


In 
‘dian j = 
tadian i in the planes, AB CD, and A’B’ c'D’, respectively. Thus, a a torsional = 


_ Moment of + 1.96 X 10° in.-lb and a flexural moment of — 6.85 X 10° in.-lb | 
_ are obtained at End A of the member, A M A’. Sco present, 
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distribution method, as as shown by the a author. 
_ _It is hoped that Professor Andersen’s worthy paper will interest others in = 
_ study of torsional | analysis in’ connection with three-dimensional structural 


Eremin,” Assoc. M. Am. Soc. C. E. (by letter) interesting 
hod of distzibvating torsion moments in rigid frames is developed i in this ; 
5 r. Professor Andersen assumed that the centers of joints in rigid frames 
: remain at their original position at all variation of loading sustained by the 
frame. . This 3 assumption is generally used in computing torsion moments by 
the ‘method of least. work. It simplifies computation without serious error 
In the distribution of the bending moments in rigid f frames a convenient 
for checking the computations was derived: The sum of bending moments. 
‘at any joint in a rigid frame, at any loading, is equal to zero. ‘There i is no 
similar simple rule for checking computations of the torsion moments i in ‘rigid 
‘frames. _ How ever, a . simplified approximate computation of torsion moments 
may be used for checking of the more exact computations. = olty ig 
The relation of the torsion moments at the ends of Member AA’ in the’ 
frame shown in Table 1 may be by the following equations: 


A 


KraMa(l— Ks) m+ Kra’ M4’ (1 - 


in which, Ma and M4’ are the detbbedirat moments in a the member, AA’, ‘at the 
ends, A and A’, respectively; Kra, Kra’ are torsion stiffnesses in the: member, 
_ AA’, at the ends, A and A’, respectively; and 2 Ka, = Ku’ are the sum of f 


“the stiffness factors of the adjacent members at Ends A and A’, respectively. 
Solving Equations (26) and (27) simultaneously, ‘the torsion moments, 
Ma and M4’, may be determined. _ The torsion moments | in Member A A’, | 
with the loading considered in Table 1 as computed by Equations (26) and — 
2D, are M, = 200 and My’ = 100. 4 These moments are the same as those a 
~ computed for the fixed ends in Member A A’. _ Evidently, a slight degree of 
- fixation at the ends of Member A A’, caused by the action of adjacent mem- 
bers on the distributed torsion moments, is due to their low flexural resistance — 
_and the symmetry of the frame. Evidently, the maximum error of computed 
alee moments is only 8 per cent. This error is not excessive considering — 
various approximate assumptions used in the more exact method. 
- distribution of torsion moments in a multiple-story, rigid frame may likewise 3 
be computed by Equations (26) and (27) by considering the frame to “is 
composed of elementary frames ‘similar to that shown i in n Table 1. _ Therefore § 


Equations (26) and (27) 1 may be used for approximate computations of torsion P 


moments and for checking the distribution of torsion moments determined by _ 
2 Associate a Designing Engr., Div. of Highways, State Dept. of Public Works, 3 
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ANDERSEN ON DE! DESIGN OF IN TORSION 
HaRoLD E. Wessman,”* M. Am. Soc. C. E. (by letter)—Two main 
ments of value are contained in this paper: First, it develops a logical procedure 
for the design of a reinforced concrete member, subject to a known torsional 
moment; and second, it focuses attention, indirectly, on a typical, but —. 
__ procedure of designing a slab, beam, and girder floor. oe The writer wishes that 
more space had been devoted to the second element in order to emphasize the r 
- uncertainties existing in this problem of torsion as related to reinforced concrete — 
structures. There is no doubt that the usual procedure of slicing a slab into a — 
strip and designing the slab, the beam, and the girder as isolated units subject 
tof forces and moments in one me only has the virtue of convenience; but is — 


shout the question of fee: torsion and treating a structure as a 


nient § — Itis not difficult to extend the theory of moment distribution i in a plane to. 
nents — oo and torsion distribution in three dimensions, in order to get bending 


= _ moments and twisting moments in the various units which make up a epaes 


frame. Iti is very” however, to interpret the results i ina 

7 be Several years ago the writer directed a graduate thesis on the subject, “ 

ms of Torsional Resistance of Girders on the Bending Moments in Connect- 


is no 


ing Beams. ” Va arying ratios of torsion stiffness factors to bending stiffness 
factors were assumed and maximum moments then determined. For certain 
ratios of torsional stiffness to bending stiffness, beam spans were practically 
is fixed at the ends. Moment coefficients in cases ws like these, even if the s spans are 
equal and the live-dead ratio less than three, may be considerably in error if 
It is not difficult to establish torsion constants for isolated rectangular sec-_ 
tions or for sections composed of an assembly of rectangles if they are assumed 
i to be homogeneous, isotropic, and perfectly elastic; but, what are the » boundary 
dimensions of a beam with a foer slab: ‘upon it? WwW There ia is the center of rctation 


ively. i 


nents, 

a A, M5. ofa girder which is part of a monolithic slab, beam, and girder floor? Will the 

an hell i slab tend to prevent any rotation of the bene and girders, thus making the 

ne , torsion ¢ constant equal to infinity, and making all spans fixed at their terminals? 

irs of 4 by How about the rotations of the ends of beams due to the deflection of the girder 

mem- 
stance of the problem. It may be that typical design procedure, e even it 
puted Admittedly naive, is the best that can be devised. - This a can be said for © 


ar * Prof. of Structural Eng., Coll. of Eng., New York Univ., New York, N.Y. 37 


- Thesis submitted to the Univ ersity of Iowa in 1935 by William aienion in partial - 
a Ment of the requirements for the degree of Master of Science in Civil Engineering. — 


of Eng., Univ. of Minnesota, Minneapolis, Minne 
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Pe support the loads on the structure, even if the paths of resistance in the actual a a: = 
kewise Structure may not be exactly those which are prescribed in the analysis. 
__ PAUL ANDERSEN, Assoc. M. Am. Soc. C. E. (by letter) —The purpose of 
paper was twofold: First, to present the procedure of determining torsional 4 
im 
iim 
( 


aus method for reinforcing a against torsion. The latter received seant ate 
tention in thediscusionn 

= practical applicability of the theory is questioned by Mr . Flor 
.~* ‘The writer fully agrees that, in general, structural engineers should mero 

7 direct torsion and, if that i is not possible, they should at least minimize its 

effect by modifying the « design. _ The crane girder, the balcony girder, and the 
_— beam curved in plan are examples of types of structural members in a. 
- torsion cannot be eliminated. Professor Wessman emphasizes the difficulty ' 
_ of finding torsional moments where these are modified by the presence of — 
monolithic floor-slabs and connecting beams. If the torsion is due solely to 
deflection and the bending of connecting members, it is probably safe to ignore a i 

_ it and (as expressed by Professor Wessman) provide “ . ‘definite paths of resistance a 

strong enough to support the loads on the structure, even if the paths of re- 
sistance in the actual structure may not be exactly those which are ae 4 
‘The writer favors the suggested simplification of Table 2 as coenuiil by 

_ Mr. Deans. In the writer’s opinion, the sign convention recommended by 
Ad Professor Grinter is the one best suited for the study of continuity in space 
frames. - Professor Grinter also. calls attention to the fact that torsional fixed- “3 
__ : end moments and carry-over factors for haunched beams must be found a 
_ integration. In this connection, the writer is pleased to acknowledge Mr. # 
Johnston’s valuable contribution to the discussion. — Fig. 8 will enable the 

to compute torsion factors for haunched beams. 


= Mr. Lane shows how the illustrative example i in Fig. 3 can be solved by the — 


> 
ake 


slope deflection 1 method. This a approach, together with Mr. Eremin’ 8 ap 
‘proximate method, offers the designer various methods of computing torsional — 
“moments. Professor Peabody indicates t the main differences betw een torsional 
shear and what is generally known as vertical shear. 
‘The writer does not agree with Mr. Wheeler’s statement that torsional — 
resistance is based upon shearing strength and not upon the tensile strength 
of the concrete. © Torsion failures of concrete are diagonal tension failures and 
torsion r reinforcement i is tension reinforcement. 
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‘an methods used in navigating it, and the character of the freight Saas 
pon it. The problem presented is then stated, namely, is the | public com- 
Py pensated for the heavy national expenditures | on the improvement? Com- 
mereial navigation costs are determined as accurately as possible, on a ton- 
‘os basis, for each class of freight. Government costs are analyzed on a 
ton-mile basis, applicable to all classes of freight. sum of these two costs 
compared with rail rates for various commodities, both analytically and 
—maphically. The conclusion i is reached that the public has been compensated | 
& its expenditures s on the Ohio River improve rement, and that this fact tends 


tobecome more and more evident every year. = 


_ The Ohio River is formed | by the confluence the 
gahela Rivers, at Pittsburgh, Pa. discharges into the Mississippi River 
‘ at Cairo, Ill. z The distance from Pittsburgh to the mouth, measured by water, 7 
“4 is 981 miles. (The mile used in this paper is the statute mile of 5 280 ft, or 
1600.4 m. ‘The ton is the short ton of 2 000 Ib, or 907.18 kg.) The river is 
s _ Improved by four fixed dams, and forty-two movable (or navigable) dams. i Two ; 
4 of the fixed dams, recently constructed, have movable crests? At fixed dams, — 
- traffic always moves through the locks; at movable dams, it moves through the 
34 locks at low water. a3 At medium and high stages, the movable dams are lowered, 
- and traffic moves in the open river. The percentage of time during which _ 
Notg.—Published in Oct ober, 1937, Proceedings. “bre ap 
_ *Col., Corps of Engrs., U. 8. Army, Commanding Ist Engrs., U. S. Army, Fort DuPont, Delaware. 
ae ‘Deseriptions of the project are contained in the Annual Repts., Chf. of Engrs., U. 8. Army, in i 
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open- riv ver traffic i is possible, varies 28. at the up-stream 
= 50 at the down-stream dam. At the Falls of the Ohio, at Louisville, Ky., pane 
is a very high movable dam; and traffic moves through the locks there for 95% 
of the the time. Fixed dams and the dam at Louisville are provided with twin 
locks, whereas the other movable dams have a single lock. | ‘The. standard 
lock dimensions are 600 ft by 110 ft. The operation of the system has been 
described by the writer elsewhere.* _ The minimum depth of the channel j is 
9 ft, allowing a loaded draft of a little | more than 8 ft. ‘However, except at. 
times of extreme low water, barges can be loaded to 9 ft. Ue = a 
_ Traffic is subject to interruption by high water, ice, and fog. Interrup- 
tions by high water at fixed dams are due to the passage of the e water over the 
lock-gates, preventing their functioning. Technically, there are no interrup- 
tions by high water at movable dams, but, at very high stages, navigation 
a becomes dangerous. } Moreover, the economic functioning of terminals be- 
aa comes impossible v when the river is out of its banks. Ice in sufficient quantities 
makes navigation impossible. Ice at low water may also compel the lowering 
of movable dams, making the useful ful depth too small for economical | naviga- 
tion. “At certain seasons of the y year, fog. at and in the eal early ‘morning 
causes asuspension of traffic, = 
tg Conditions from year to year differ to _— an extent that it cannot be ie 
that there is any normal of during which traffic is 


“(These data were obtained from study of official records of U. 8. Engines 
Office, at Cincinnati.) Traffic is tied up on account of fog about 80 hr per yr, 
_ but never { for more than 12 hr ata time. 1 (Little h has been published or on fog. 
‘The information used has been secured by the e writer in “private « discussion — 
The ec economics of Ohio River transportation are materially influenced by 
= improvement of five principal tributaries: The Allegheny and Monongahels : 
Rivers, which form the Ohio, at Pittaburgh ; the Kanawha River, which joins 
_ the Ohio, at Point Pleasant,  W. Va. (Mile 265.7); the Cumberland River, at 
Smithland, ‘Ky. (Mile 920. 4); and “the Tennessee Rive r at Paducah, Ky. 
(Mile 934.5). All these tributaries have been at least partly improved by the . 
construction of locks and dams, thereby permitting year-round navigation — 
_ from and to the Ohio River. Of lesser importance are the other improved 
é tributaries: Muskingum, Little Kanawha, Big Sandy, Kentucky, and Green 


‘The first appropriation for the improvement of the Ohio River was a 


 aiaaplale in 1824. Allotments to the year 1874 were for an ‘open-channel 
improvement, consisting of the construction of dikes, removal of snags ags and 


high stages. During this period, the Government also purchased an interest 


in the Louisville and Portland Canal, which passes traffic around the Falls 


Rept. 12, 1st Section, XVIth International Cong. of Navigation, Brussels, Belgium, 1935. 5 
4 Loe. cit., p. 13; also, ‘‘Pack Iee and Movable Dams,” by C. L. Hall, M. Am. Soe. C. E., Milian — 


Engineer, 1934, Vol. XXVI, No. 148, pp. 245-247. 


- w recks, and poor: dredging. This work permitted navigation at medium = d 
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-BCONOMICS OF RIVER IMPROVEMENT 

‘at Louisville. © ai 1874, a plan was proposed for canalizing the Ohio River by 
means of & system of movable dams, in order to secure a depth of 6 ft. The 
2 first dam constructed under this plan was completed in 1884, at Davis Island, =? 7 
about 5 5 miles down stream from ‘Pittsburgh. _ Work under the plan of 1874 
progressed slowly. From time to time, the plan was was modified. In 1910, idl 
et ‘project was adopted by Congress, which provided for the canalization of the 
river by a system of movable dams, which established a channel depth of 9 ft : 
substantially Bt ubsequently “executed. This project completed® 
‘ 1929. Except for some early work on the Louisville and Portland Canal, the — 
entire improve charge of the of Engineers, United 


1. graphically, the traffic on the Ohio River for the calendar 
“year 1934.® Although the tonnage differs from year to year, general picture 
is ‘Peented by Fig. 1 remains fairly constant, the principal alterations in recent 
“years | being the considerable inerease in ‘move! ement t of petroleum products, 
and a , decrease in the short-haul sand and gr grav vel movements. . The character 
ol Ohio River commerce can probably be best explained by | a discussion and 
a amplification of the information contained in Fig. 1. al ib 
ror Steel is the most valuable cargo carried on the river, and the second most 
_ important in ton-mileage (26%). Manufactured steel is habitually loaded in — 
_ barges at points i in Pittsburgh District. A of it is discharged 


towns Practically “ll this. i is moved carriers, or by private 
| carriers owned by the steel companies, and is dow n-stream movement. — There Bo 
is a return cargo in the form of -serap steel, gasoline, sulfur, : and fluorspar, 
ir which is collected at Lower Peeters and Lower Ohio ports, for consignment — - 

i Coal forms the largest item, both i in tonnage and in ton-mileage (42%), 
"1 in Ohio River | traffic. About 4 600 000" tons of coal pass out of the Monon- 
~ gahela every year. - This coal is practically all unloaded and consumed at 
| manufacturing plants in the Pittsburgh District. = Almost | none of it moves s 


88 far down stream as W heeling (Mile 90.5). There i is a movement from tipple 


y in the pools of Locks Nos 13 and 14 (Miles 96.1 to 114.0) in both directions, — 
but Principally stream, to near- -by manufacturing plants. I In the stretch 


- practically n no ) coal moves. A considerable tonnage of coal moves out of that = _ 
river by water to Middle Ohio River plants. A much larger quantity moves — 
Huntington, W.V a., tipples (Mile 308.3). of this is discharged at 
plants in the Ironton-Portsmouth District (Miles 327.2 to 356.0). Much the 

greater proportion is unloaded at Cincinnati (Mile 470.2), and just below. “j a 
small quantity reaches Louisville (Mile 603. 7). From Louisville to C ‘= 
Ville, Ky. (Mile 871. 2), a small quantity of coal moves on the river, principally 


from the Green River (Mile 784.2). From Caseyville to the mouth, there is a a 
q Z fey Rept. of the Chf. of Engrs., U. S. Army, 1935, pp. 1043-1044; House Doc. No. 306, 74th — - 


ae ‘From an official chart prepared from information submitted by carriers in aceordance with lw. 7 
aw by averaging the 1930-1934 _—— of the Monongahela River, Annual Repts., Chf. ‘a of 

U. 8. Army, fiscal years, 1931-35, Pt. 
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1530 ECONOMICS OF RIVER IMPROVEMENT 


relatively small movement of coal to Ohio and Mi 


_ River towns. Practically all the coal moved on the river is transported =f 
_ private carriers; those in the Pittsburgh District are generally owned by well 
mcr and those in other parts of the river by. coal companies. Except 
4 for the small tonnage which moves up stream from the pools of Locks Nos. 13 
and 14, and on the Lower Ohio River, all coal moves d down ‘stream. There e are 
no appreciable return cargoes on coal barges. he 
Petroleum products (11% in ton-mileage) move in both directions j in 
special tank barges, normally from riparian ‘storage tanks to riparian delivery 
tanks. However, the major movement is in the Lower Ohio River, from stor 
_ age tanks along the Mississippi River and its other tributaries. These products 
are usually transported in private barges, but many of ‘the barges are propelled — 
by towboats | engaged in contract or common carriage. About 75% of the 
movement (in ton-mileage) is up stream. = 
dae Sand and gravel (6% in ton-mileage) i is pene from sat sand and gravel bars 
n the river and moves in both « directions in privately ow wned barges for com 
short distances. to delivery points. = Bi. 


Miscellaneous freight (13% in ton- mileage) mov es in packet- ‘boats, and 


in barges owned by common and contract carriers, although si some fluor 
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| Spar. from Lower Ohio River ports is carried up stream by private carriers 
owned by steel companies. Miscellaneous freight moves in both directions. 
Less than 3% of the traffic Gn tonnage) on the Ohio River moves by com 
0 or quasi-c common carrier. one-half of ‘this: comparatively small 
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‘ECONOMICS ¢ OF RIVER IMPROVEMENT 
a changed on short notice, and the remainder, the 1 river- 
tail common- -carrier traffic, moves on rates “established” in the railroad sense : 
Bulk freight is carried in steel barges about ft 
1 ft, or in wooden barges about 26 ft by 135 ft. These carriers are propelled 
rai ~ in fleets of from six to eighteen barges by stern-wheel or screw tow boats, which 
invariably push rather than tow the barges. In the transportation of coal in 
f wooden barges, tows of tw enty- -four barges s are not infrequent. The towboats _ 
vary from 30 hp to 2 200 hp, with an average , draft of from 4 to 6 ft. Package — 
and perishable freight may be carried either in tows of closed barges (a method 
which i is increasing in popularity among river operators), or on packet- boats, 
similar in n type to the packets of the Nineteenth Century. | Petroleum and 
other liquid products are carried in specially constructed tank barges. A few 
of the ¢ towboats are of the tunnel screw type. This type of towboat is becom-— 
; “ing increasingly popular on Western rivers as is the Diesel engine instead of the 
steam engine — of the newer vessels on the € Ohio River are of the Diesel, 


ry Unclassified and 
packet Freight 


6 — Logs, Lumber, Ties 


© 


a ae of inland navigation is described in the reports of the Towboat Board: H. R. Doc. a 


une 17, Cong., 2d Session; H. R. Doe. No. 108, 67th Cong., 1st Sess.; and mimeographed report of 
S. 1929. Information on the character of vessel now using the Ohio ‘River has been obtained from 4 
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wide. “In the the purchase of new barge equipment, there is a toward 

= - seematingation of barges 35 ft wide for assembly in tows of three abreast. The 

re. _ ‘nature of the floating equipment usi using the river is shown in Table 1.° » adil 


TABLE 1.—Trirs AND DraFr TS OF VESSELS, OHIO. River, 1935 


Motor Motor 
Steamers] Yegsels | Barges | Total |Steamers| Vessels | Barges 
56 | 902 | 4 7956 | 221 5 764 
4 | 23045 | 1651 (1205 4901” 1666 843 | 4237 
207 | 8246 | 7910 | 11363 | 185 | 3172 | 589 3.946 
640 11975 | 12 616 5237 | 580. 
Total ree rea 9020 | 7630 | 41148 | 57798 | 8099 | 7226 | 34944 4 269 5 
tonnage......... 2 095 863] 579 533 |25 713 164/28 388 560] 1 780 9 229 347 583 21 330 623)23 467 435 


ate ‘Practically all the terminals used for the handling of bulk commodities and — 
petroleum products are privately owned, and are not available to the general — 
public. Those open to public use are mostly wharf boats or paved landings. — 
ms About 65% of the private terminals, and 30% of the public ones, have rail 
« connections. — Coal is loaded to barges either by gravity or by belt conveyors 
from river-side mine tipples or rail cars. It is unloaded by derrick-boats ond. 


traveling | or revolving cranes, into hoppers, f from which it passes by 


* 


into belt or bucket ¢ conveyors or incline cars, w hence it is carried up the bank, ; 
“Steel j is loaded and unloaded by overhead derricks. Petroleum products are 
Sand and gravel is generally unloaded by derricks into 1 a hopper from which 7 
_ passes by gravity to a belt conveyor or incline car for transportation to the 
_ stock- pile. Packet freight i is generally handled by stevedores to and from 
4 - wharf boats, although 1 some of it is handled at ; special shore terminals equipped 


_ with mechanical elevators. All terminal facilities must be arranged to handle ‘ 
cargo from boats at a river level which fluctuates irregularly. The extreme 
range of stage during which traffic is normally handled varies s from 16 ft, at § 
Pittsburgh, to 44 ft, at Cincinnati, below which point the figure diminishes r 

7 slightly. The nature of the terminal facilities available is shown in ' Table 2." i 
Freight moves on the Ohio River because it can be more 


cheaply by’ yater carriers than by land carriers. It can be transported at low 
_ rates because engineering works have been built on the river at the expense of 


From Rept. of Corps of Engrs., U. S. Army, Ohio Rivers, 1935. 

of Engrs rmy, 1 p. 12 
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taxpayer. Since no tolls are charged, the Treasury no direct 
return. The public obtains an indirect return in the > reduced n net cost of water- 2° 
articles consumed. The problem is to compare the engineering 
- costs of the improvement with the value of the public benefits. This Ohio | 
River question, of course, is a part of a larger national inland waterways prob- i 


Jem, 1 which is now arousing great interest among American engineers and 


ABLE 2.—TerminaL Faciiities (Excerpt ror Moror-Boats) 


General wharf or landing» 
4 |General arehouse rane 
Coal, steel, ,and cement Crane. whirler or crane 
Genera 
General | Wharf boat bei 
General | Movable warehouse and 
wharf building _ 
General oil) Wharf boat and warehouse 
jeneral ‘aved wharf or landing 
Miscellaneous Rolling transit shed 


| Totals 


Es 


el 


(0) Nor AvaILaBLe TO THE GENERAL 


rom the 


Petroleum 
Coal and coke 
Iron and steel 
Cement 
a. 

Coal, sand, and gravel 
Coal'and steel 
Brick 
General and bulk 

freight 
“> and repair of 


Miscellaneous build- ban 


Pipe line or pumps 
lam-conveyor or tipple 
Pump, conveyor, crane, or 

hand trucks bs 
Clam or conveyor 
rane or incline 
Conveyor tno 
Crane, incline, or or slings P 
Marine ways or floating 
ocks 
Crane orincline | 
Crane, clam, or conveyor 


— 


“handle Grain and 


economists. (For example, John S. Worley, M. Am. Soc. C. E., in 1936, _ 
- stated that “the operation on this [Ohio] river gives little encouragement that 
any justification will be found. a ‘It is also receiving international attention, 
~ the International Congress of Navigation i in 1935 having particularly em 

- its members to prepare reports on the economic value of improved ed inland — 


Tipple or conveyor. 


High Cost of Inland Water Transportation,” by 8. L. Wonson, M. Am. Boe. Cc. See p. 
#“Regulating Transport,” by John 8. Worley, Engineering News-Record, July 9, 1936, p. 
i «Resolutions of the XVIth International Cong. of Navigation, Bulletin, Permanent Internatio a 

. of N ation Congresses, No. 20,p.58. 
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ECONOMICS oF RIVER IMPROVEMENT | 


- ‘This paper, so far as its facts, as distinct from their re are conceit 
is pe sina to a report of 1926, by C. W. Kutz, M. Am. Soc. C. E., which was. 
: presented later to the public under the title of “The eal of the Ohio 
River and Its Tributaries to Transportation in the United States.” No ¥ 


“credit for « commerce not moving ona a single le river ¢ can easily be determined + 
ton- n-mileage charts, after an average cost per ton-mile for the commodity has 


The statistics are by calendar years, Federal expendi- 
pra are repc reported by fiscal year (July 1 to June 30). _ This s six-months time 
ag of benefits over costs will obviously be of no importance over a long period, 
_ and has been disregarded. _ Commercial statistics are closed as of D December 
a 1934, and expenditures as of June 30, 1934, ‘since it was convenient to 
_ establish limiting dates based on publications available at the time the study 
was initiated. — (See heading, ‘‘Trends of Commerce” for a discussion of the 


s is necessary in ‘from data taken from sources 


origin, contain assumptions have been made in the statistical = 


_ Assumption (1).—The entire reduction of costs in transportation of freight, 


_ due to the existence of an improved waterway on the Ohio River, is 
passed on to the public in the form of lower prices of the goods i 


When goods are manufactured a at and sold at the s savings in 
transportation over the line, A B, are reflected in the lower: price of goods ‘ 
at The assertion is undoubtedly true ina a perfectly free economy. may 
a doubted whether a perfectly : free economy ever has existed, but it certainly 
doe not exist now on the Ohio River. The two most important items of 
 commerce—coal and steel—are manufactured, transported, and, to 4 large 
extent, distributed by firms which, on a small scale, correspond to what the 
Germans call “vertical trusts.” Thus, the same firm, under different forms 
of ‘capitalization, will own coal mines, steel plants, and steel yards, which are H 
essentially jobbers’ supply stations. They will also own towing a 
for the transportation of coal and manufactured steel. Except over — 
comparatively short distances during which their raw materials move ove by 
aie carrier, the manufacture, distribution, and sale of water-borne ste 


Transactions, Am. Soe. C. E., + Vol. 89 (1926), pp. 1106-1122. pb an b ha 
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aa 1905 to 1925 treated by General Kutz. However, improved collection of — 

commercial statistics by the Engineer Department now permits the acquisition 

information in regard to ton-mileage, as distinct from tonnage. When 
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ECONOMICS» OF RIVER IMPROVEMENT 


beate mana applies 

4 ompanies, , which c own mines, tipples, transpor ortation lines, pe storage perengy 

Free competition between the point of production and the point of transfer 
to the retailer does not exist. At the same time, there is great coehpetition’ 

between corporate enterprises having more or less widely separated points of 
production, and almost adjacent points of distribution. This tends to set up 
free « economic competition between the corporate enterprises, under which © 
? the economies due to water transportation tend to be passed on to the con- — 
sumer. However, the extent to which this saving is transferred is not sus- oe 
ceptible of accurate — determination. Under certain circumstances it may 


become zero. The he following testimony’® of a coal operator is apposite: 


oe “The cost of the coal to our customers at the inland destinations is identi- _ 
ally the same, regardless of whether the coal is shipped all-rail from the — 
mines or ex-river from Cincinnati or Addyston.” 


The comparatively large industrial consumers, however, are undoubtedly able 


to secure reductions in cost of the deliv ered coal by bargaining. Where 


these consumers are utilities, and, to some extent, where they are not, this 


saving is passed on. - Indeed, it would be surprising in a competitive market. 
if savings in cost of transportation were not reflected in reduced retail costs. 


a In course of time, as the number of firms technically fitted to engage in water : 


transportation becomes greater, the assumption will | become more and more a 
true, lt will thus. eventually accurate. As far as Assumption 


a in error, the error is in favor of the mae eee Begs 


Assumption (2).—The reduction of cost in transportation of freight is 
3 - equal to the rail cost of transporting the freight actually carried ‘a oa 
ton} 


water, minus the water cost of transporting that same freight. — e 


Li In general, water-borne freight is some form of bulk habitually 
e transported by rail where no water route is available. It is logical, therefore, K, 
to compare rail and water costs. _ The difficulty is that rail costs cannot be ys 
 iliieed. and it is necessary to use rail rates. If one could use water rates, _ 
g comparison would still be logical. _ However, except for the very limited 
common carrier traffic, water rates are as difficult of determination as rail 
ie costs. _ Therefore, it has been necessary to compare rail rates (in the general y 
case), with water costs, adding to the latter a 6% return on the invested — 


capital, The water costs consist of the line-haul cost of freight, plus the rail 7 
rate from the origin: to one ‘Port and other port to ) the ‘destination 


apparently the case with liquid petroleum products, | ‘none has been ness 


a 


Assumption (2) is ‘reasonably odd ot 


Assumption (3) —The reduction i in the cost of ferriage ove 


caused by its improvement, is not a public saving. 


es Ferry transportation i is obviously cheaper i in a inatinal river | than in an 
pen one. On the other hand, owing to the increased number of bridges, this 
Testimony of H. E. Webster for the West Virginia Coal & Coke Corporation, Interstate Commerce 
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reduction in tolls as a consequence of canalization, 
has been passed o n to the public. I 


Assumption (4) —The United ‘States Engineer costs include 
we, the entire Federal cost of the bag 
— dof Certain expenditures of the Federal Lighthouse Service and of the Steam- 
boat Inspection Service are obviously for the benefit of Ohio River trans 
: portation. — It has proved impossible in “practice to segregate these costs for 


each because the books the Services not show any such break. 


(4) is favorable to the waterway. | 
Assumption (5).—In comparing expenditures and benefits, no allowance — 


al There i is considerable claim that annual water costs should be charged with 

an arbitrary percentage of the existing value of the Federal i improv ement made 
in the stream. - There would be something to say for this if it were applied — 

-generally all carriers ‘moving on public highways. Nobody, however, 
c charges the cost of lighting an airway against an airline. _ Moreov er, there i is 
countervailing tax benefit, of which no account is taken, the omission of 4 

_ which might be even more adverse to the waterway than an arbitrary tax 
allowa ance is beneficial. The « carriers pay taxes on terminal properties a 
would have practically no value if the waterway were not improved. They 
pay taxes on 1 floating plant whi ich would not exist if there were no waterway. x 

They pay income taxes. The first two forms of tax are presumably ‘reflected — 

in costs, but the income taxes are not. _ No determination can be made of 


them, because it would be necessary t¢ to set up & counter claim for the ae 


income tax of competing forms of transportation. This would create a prob- 
lem impossible of solution. It is not altogether unfair to state that a attempt — 
to determine the taxable value of the waterway i is about: as ie as that 7 ; 


, 


based on the existence of the improvements. Under such 


is no rational method of assessing a charge for unpaid taxes against the water 


way. There is no method of determining whether or not Assumption (5) is 4 

4 _ To summarize, Assumptions (1) to (5), taken as a whole, ma; may be regarded — 
as favorable to the waterway, but the extent of this prejudice tends to diminish — 
with t ime ¢ and, for all practical purposes, may eventually | disappear. 


-Carrrer Costs ¢ oF WaTER-BoRNE FREIGHT 


The most difficult problem ‘Statistically in any study. of water transportation 
is ‘the determination of the actual costs incurred by the private or contract “a 
~ carrier, in moving bulk products concerning which he is not required to quote a 


form of traffic is of diminishing imnortance _There seems to have been no 
iin. é 
so that no direct benefit 
| 
| 
— 

— | 
q 
{ 
ed 
a -. ia value of the real estate abutting on that Park is based on its existence. 4 : 
— 

— 
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porting coal by water. os Since that date, the movement of coal from the be 
Kanawha River and from Huntington to | Cincinnati, has become the greatest p- 
=, single factor in tonnage of any Ohio River | mov rement, except the short haul 
_ The private coal carriers in this 
- area decline to furnish cost figures, even ‘confidentially. vit is not believed 
that the Pittsburgh coal carriers have been able to reduce their costs much 
below those shown in the Kutz study—that is, about 3 mills per ton-mile. 
‘The line costs of the Huntington- Cincinnati traffic seem to have been brought hs 
to a figure below “this: ‘point. best indications available to the writer er 
are that the cost to the most economical carrier is now less than 2 mills per 
~— ton- mile. te ' hy pothetical study by a prospective operator, which was shown 
to the writer, gives a still lower figure. 
‘The steel carriers, although unwilling to be quoted no 
i particular secret of the fact that the li line cost of transporting steel for long | 
“hauls ¢ on the Ohio River is not more than 3 mills per ton- mile. A large contract. 
car has submitted to the writer cost data which indicate that his operating» 
east for 1934, including a 5% return | on the investment, was slightly less than 
2 mills per ton-mile. A ike official report!” cites 3 mills per ton-mile for — 
‘Ohio Riv er ( traffic i in 1 general, but this includes an arbitrary 20% for terminal 


ae. In computing the savings of the e two all- -important items | of mood 


These figures are thus slightly higher than what might be ‘tommid the a 
opinion of the industry. si The errors, if any, being i in favor of decreased costs -_ 
against the waterway: Although no statistical ‘certainty cana be 
- seems probable th that the errors against the waterway caused by assuming 7 
too high line-haul cos costs more than balance the errors in its favor caused by the 
five assumptions previously stated. The cost of hauling petroleum products 3 
3 is even more difficult to determine. ‘The capital investment in the specialized 
barges (generally used) is so large a part of the total cost that density of — 
oe traffic, or factor of f use, really settles the matter of profit or loss. _ The operating he 
= of course, a are increased by the much greater proportion « of up-stream 7 


y, 


traffic in this trade. The v writer has used ‘Savings i in 


cost up upon which given in Tables 3 and 4 based. 
The method of computing sand and gravel is sufficiently y explained 


and the mileage of any clade lot is usually so small, that the line cost of 
transportation (independent o of terminal charges) is not a controlling factor in 4 
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-ECONOVIICS OF RIVER EMENT. 


MononGawe a RIVER TO THE» 


Commerce _ vi Commerce _ 


— 


In thou- | In mills In thou- | In tho In mills | Total, in 
th 


thou- 


sands of x f | per ton- 


~ 
3 


SE: 


From Huntineton, W.Va.) Commerce 


In thou- | mills 

sands of | per s | sands of 
ton-miles | ton- f ton- 
mile | | miles 


1926 «| 272453 36 164 
282 856 | 2. 31 331 

(276425 | 26 31751 

720 39 279 

118 i 33 873 

282276 | 2. 5 | 33884 

295113 | 3. 37 460 

305247 | 3.3 1576 | 58192] 

436 49 889 | 


2 670 644 


ooo 


— 


a 


of the four products, ¢ 
” ‘hil "petroleum, and sand and gravel, it has not been deemed necessary to 
_ discuss herein the ton-mile cost of transporting the other products upon which — 


- the savings | have been be based. 2 A A discussion of each significant item i is contained 


| 


“TABLE Ae 
— 
— In thou. 
“jens 133 | 10.8 3173 | 860 162 115 
30 | 6445 054 6 | 1359 1055 162 435 
5 16) (17) 336 | 100 a 
sh. | 3758 100 
| 7742 |351823| .... 
— 
— —— — 
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‘TABLE, 4 aa ae 


In Commerce, in 
thou- thousands of tons 
sands — 
of | ton-miles of © 
i I J tons ile | dollars 


1 223 5 2. 575 | 238746 
1378| 1: 294 389 206 
1251 350 557 3230 
1 326 300 607 
329 343 
974 473 196 
10 265 605 9216 | 3214379 766 


Or anp Gasouine 


AO 


i 


‘ 

mills | in thou-| thou- | thou- mills jin thou-| thou- 
_~per sands sands | sands per sands | sands 
_ton- of of | ofton-| ton- | of | of | 
mile | dollars | tons | miles mile |dollars| tons 


(31) (32) (33) | @4) 
10.0 | 123 
| 

10.0 | 272 


‘commodity were determined by multiplying the 

by the av average cost per ton-mile as estimated herein (see heading “Carrier 

Costs of Water-Borne Freight”), adding the terminal differential between — 
‘Tail and water transfers (except in the case of petr oleum where it is in favor of = 


Ve the waterway), and also adding the actual rate for rail haul where (as ir thie 


— 
| 
= 
753 
117 
813 
44 
a 
Savings Commerce | Savings | Commerce Savings a 
| | te [tom 
sands thou- | mills thou- aS il 
4% of ton- sands | per sands <a 
miles of ton- | ton- | of — 
in (30) — 
-:1980 | 75289 14 341 > — 
95920) 12.0 | 1151] 557 | 15005] | 152 17 698 | 117 
1982 | 160624] 11.5 | 1847] 528 | 17380] 10.0 | 138 | 17352] 65 | 113 
194 465 | 10.5 2042] 239 | 8333) 100 | 83 12416} 4.9 | 
| 201365] 10.5 | 2114] 649] 16180] 100 | 162 | 108 | 20728] 7.5 | 15 
902737| .... | 10246 | 4238 | 132518| .... | 1325 | 981 | 118906] .... | 698 
Z 
— 
— 
coal, 
which 
ained from the river after transportation, or both. These costs were 
from the comparative rail rates, and the gross savings established. From this 
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Commerce Savings 4 


In thou- | In thou- In mills | Total,in | In thou- | Inthou- | In mills | Total,in | 


ia sands of | sands of | perton- |thousands| sands of | sands of | per ton- thousands 
tons ton-miles mile of dollars tons ‘ton-miles- mile 
42932 3.3 | 142 19754 | 1101628; 59 
46701 3.3 154 20128 | 1214491] 6.2 

50720} 32 | 162 | 20935 | 1344685] 65 
112404 | 848 21954 | 1512585] 68 
96676 |. 30 | 200 | 22337 | 1473928] 68 
552 pal 29 18070 | 1486444) 6.7 
6329553 | 2.7 16750 | 1708422) 
le 228 088 +616 «| 18636 | 1783924); 69 


Totals 5423 | 1182707 | .... | 3386 | 172881 | 13018335 


the saving per ton-mile was easily obtained. In a small of 
= ‘eases where published rates were available, these rates were used in lieu of costs. - 


In general, since it was impracticable to obtain water rates or costs for each — 


‘year the savings for 1934 were calculated, and the average savings 


For the cnvings prior to 1926 the figures used by General 
in an offi official report wv were adopted. As explained previously, the break- down ae 
_ by ton-miles was impracticable for earlier years. _ The Appendix gives details — 


of calculation for each of the more important items. 


Official r records (Annual Reports of the Chief of Engineers, for each fiscal x 


-year, Government Printing Office) ) give the tonnage ar and (in recent years) the 


of each commodity. After the unit saving per ton-mile for each 


in dollars. These sav savings are 4 in Column (39), 
Table 3, and Column (48), Table 4. The values there given have been used . 
the net public benefit, with annual Federal costs must be 
eed (Column (15), ‘Table 5). 


‘The determination of the Government « is simplest of 


Full data are available in the Annual Reports of the Chief of Engi- 


neers . The only explanation required refers to a few necessary ig 
‘in the statistics. interes st charge on Government money has 
assumed as 4 percent. This is high for recent years, but not excessively 80. 
‘The interest during construction has been assumed at .2% for the year the 
7 money was spent; that is, it is assumed that costs were uniform throughout 4 


the year. The depreciation has been charged from the year of completion. 
re f Ta every pti in which the lock has not been retired from service in less time, ree 
as 


the life. of the s structure has s been assumed as 40 yr. a straight- line > deprecisy — 
tion has been assumed over that period. WwW here a lock has either been retired, 


Yea 
aq 
ra 
a 
q 
— 
=< 
— 
ii. 


ue to be less than 40 yr in service, the actual life. of the 
nt in years, has been determined, and a straight- line depreciation. taken 
In determining ‘the remaining investment, or the surplus in the 
6 eo account (Columns (23) and (24), Table | 5), depreciation of structures 7 


5 if Columns (14), Table 5) has been subtracted. This was done because the tic 


; annual depreciation of the structures had already been | added into the annual ae 
charges (Column: (15), Table 5), thereby reducing the : annual | profit by the re 
amount of the depreciation, which, in turn, reduced the net annual capital 
charges (Column (21), Table 5). Since the depreciation was 3 thus added : asa 
charge for the year, the remaining investment the Government in the 
: structures was obviously reduced by that amount. ” ith these oe 


4 


= — Savings - 


3 


savings (Column (16), Table 5), how savings overtook 
those charges until the onset of the depression, and then how rapidly ne: ae 
om have advanced since 1932. Fig. 3 shows the manner in which a. 
capital charges (Column (10), Table 5), as shown on the Government books, 
have, of course, tended to increase while the capital account (Columns (23) 
and (24), Table 5), from an investor’s standpoint, assuming a public profit _ 
= savings, has tended recently to decrease. The relation of savings to Sy 
_ €xpenses is shown analytically i in ( Column (19), Table : in which the ratio, oe 
i 0, of savings to expenditures 1 means that: the development has barely been 
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ha ere able to pay 4% interest 
n their entire capital. Fig. 4 shows, in percentage form, the relation be 
ween the water-borne commerce and railroad commerce, using the commerce oa 


° 
<A 


each during the calendar year 1930 as a base. It can be seen that, after — 


Of 


RamCostr to | _ Water Cost To 
SHIPPER FROM ‘SHIPPER FROM 
_ CINCINNATI TO CINCINNATI TO 
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Commodity ‘tel 


in mills 
Assumed line 


3 
ot 


In mills per 
ton-mile over 


¥ 


-— Proportion to 


In millions 


tone, logs, and lumber 


Percentage of total, 
excluding sand, gravel, 


In cents per 
water distance 
Proportion to 
sample ton, | 
per ton-mile 
Over-all cost, 
in mills pe 
ton-mile 
sample ton, 
inmille 


ton 


Terminal differ- 


ential, in mills 


cost, in mills — 
per ton-mile 


Iron and steel........ 
Oil and gasoline 
Unclassified 
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having been checked for time, in 1932 Ohio River commercial traffic 
 “gecovered. (It is now (1937) more than 50% greater than it was in 1930.) 7 
‘In 1934 traffic of Class I railroads had not reached a figure equal to 0 75% of 
its 1930 figures. (It is now (1937) 12% less than in 1930.) “tind fy 
Table 6 6 has been prepared for the purpose of comparing the data on public a 
savings by an entirely independent system of calculation following 


(a) Average haul of commodities on on Ohio River 4) 


‘ued Ky., in miles.... 133.5 


sf (c) Total annual charges, 1934 (Column (15), Table 5) ...$9 815 249 7 
(d) Total commerce, Ohio River, 1934 (Column alasits 
Table 4), in ton- miles. . 1783 924 624 


\Ttem (d) 
By umn (11), Table total water cost, in 


= 


+. two important points on the Ohio River (Louisville and Cincinnati) were. 


_ selected as being about that distance apart. From the official figures of w water- 7 
borne traffic, the proportion of each significant commodity in a representative — 
_ ton was ascertained. Based on the rail rates (in carload lots) for these os 
i ~ commodities, it was possible, in the manner shown in Table 6, to determine 
: ‘the ra rail rate per ton-mile measured by water for a theoretical ton of rere 
tive cargo, moving in a carload lot. © By similar methods, the water rate per — 
ton-mile was determined for the same unit. _ Referring to Column (8), Table 
6, the rate for coal and coke (Item No. 1) is that quoted by a water carrier. 
The rail rate on coal is somewhat higher than the average, | but a reduction — 
- 8 mills per ton would affect the final values only slightly. The rate for 


cement (Item No. 2) is that quoted by a water carrier for a 156-mile haul. 
Item No. 3 (iron and steel, Column (8)) oh used in the 1934 study for the a 
— 164-mile haul. A large unit rate is used | because a short haul is being a: assumed. <4 


| The rate for oil and gasoline is that for an 118-mile haul. No terminal differ- A 
ential (see Column (9), Table 6) is assumed because of the more economical — 


‘Tiver loading. Item No. 5 in Column (10) is the common carrier average on 


- four major commodities. — ‘Terminal handling charges are included in this rate. % 

By dividing the annual expenditures by the total ton-mileage (Item (e)), 
fe the Government. cost per ton- mile ¥ was also ascertained. As shown, the rail — 


img was found to be 21 3 mills per ton- mile, and the total combined | water 


(6) Water distance, Cincinnati, “Ohio, to 
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per ton-mile for water-borne traffic. Referring to Table 4, it will be seen 

from examination tion of Column (47) for 1934, that the commercial saving . 
water 0 on the average cargo was determined as 6.9 mills per ton- mile. The — 
economic public benefit by the methods used in Table 4 would be 6.9 mills, o 
‘the Government cost of 5.5 1. 4 mills. _ Table 6 a 


yeanons previously explained, commercial for the calendar 
1935 and 1936 have not been included in this study. Since its initiation, how- 3 
ever, gross: figures f for commerce for those years have become available. "They *f 
indieate an increase in tonnage of 9%, and of ton- -mileage of 53 per cent. The 
= greater increase in ton-mileage over tonnage is indicative of a trend which - 
2 has been evident since 1926. In that year the average haul was 55.7 ‘miles; 
an in 1936, it was 108.7 miles. The reasons are obvious. Long-haul traffic — 
(steel, petroleum products, etc.) has is inereased. Short- haul traffic, especially 
sand and gravel, has failed to increase _ proportionately, or has actually de 


The increase i in in ton- n-mileage over 1934, which ich may | be 


‘roads for the same years'® indicates clearly that, when there is any sal: 
the Ohio River gets at least its share, , and probably more. ° —— . 
At this point it might be well to take a general view of ‘the commercial 
figures for the ten years since General Kutz presented | his paper. J They show 
clearly» what has been noticed before, that no one is able to determine in 
Bi wdvenee the detailed trends of future commerce on a waterway. In that . 
- original s study, through steel shipments (that is, steel from the Pittsburgh 
River ports) were scarcely of enough importance to 
receive separate treatment. This movement has now (1987) become the 
“most * valuable commerce on the Ohio River; and its value seems destined to 
‘increase. More and more manufacturers are sending manufactured steel by 


ow ater; and there is some e evidence of an intent to transfer to the inland route 


The movement of water- borne coal follows the general lines 
ready forecast in 1926, except for the unpredicted activity around Wheeling, 
W.V a. , although hi here, again, it appears t that an industrial il depression checks 
‘the Mati chia of water-borne coal to a markedly smaller extent than. it does = 
-‘rail- borne coal. In General Kutz’ paper, the only mention of petroleum ; 
in regard to delivery "service f from a a refinery at Parkersburg, W. va" 
Petroleum movement has now become a large item in Ohio River traffic, 
and shows no signs as yet of approaching a saturation point. On the other 
‘hand, the common carrier traffic for which great things were hoped, has not 
_ developed proportionately. In spite of modern equipment and excellent 


Figures were obtained by competing those in Annual Reports of the Interstate 4% 


Transactions, Am. Soe. C. E., Vol. 80 (1926), p. 


‘cost, 14. 8 mills per ton-mile, giving an economic public of 6.5 5 
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— 
x 
7 
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ercial 
ne in 
iat 


= 
management, common-carrier the transportation of 
a privately owned barges : at contract rates absolutely essential for their support. — 
- The difficulties of common carriers on Western rivers are in considerable | 
be part due to the unbalanced « character of the t tonnage. On an open channel, 
the most profitable division of tonnage, from a strictly engineering standpoint, : 
4 8 tons of down-stream traffic to 3 tons of up-stream traffic. For the calendar * 
a ear 1935 the principal common carrier on the Ohio River informs the writer _ 
that his ratio was 21 tons down stream to 20 tons up stream. . For the same © 
c year the report of the Inland W aterways Corporation indicates that, on the 


Mississippi ‘tonnage was 29% down bound and 71% up bound. On 


the obvious remedy is to increase the up-bound rates and to decrease the down- _ 

bound rates until the traffic approaches a proper balance. However, a com- — 

_ paratively slight increase in the up-bound rates might divert traffic from the 
waterway altogether. Similarly, on rail-water movements, a substantial de- ow 
¥. crease in the down-stream rates might destroy the water carriers’ share of the a 
revenue entirely. Until this subject is adequately studied a remedy for the 
is not apparent. It is evident, however, that a profitable common: 


‘down bound 82% 2% From “economio standpoint, 


carrier traffic awaits the discovery of the remedy. out iil .<awijew boone 
c—_ entire trend of Ohio River ¢ commerce is toward an increase—often— 
an enormous increase—in the Wanapertation of low-grade, long-haul, bulk > 
# products, in which the consumers’ savings are only appreciable after a com- 
Le paratively long period, and after time has been | given for competing producers — 7" 
to engage in water transportation. Only to a very small extent have con-— 
_ sumers’ benefits become apparent i in the immediate reduction in the prices — 
of commodities, as a a result of their more economical transportation by carriers _ 
a ‘entirely disinterested 4 in either the manufacture or distribution of the articles _ 
| lt can be asserted w Ww ith co confidence > that t the waterway reduces, 
- materially, the proportion of the _transportation cost contained in the gross — 


Mis is much more difficult to and from all | indications it willl alw 1 remain 
"more difficult to. show, that: the waterw ay reduces in the same ‘proportion’ 


_ the price which the consumer pays for the manufactured article. = = 
i) It is ev ident at any rate that the > pessimistic prophecies of 1926 have not 
proved true. It was then stated” Frank H. Alfred, Am. Soe. C. E.. 
“it does not seem likely, however, that the completion of improve-— 
‘Ment project will result in in any considerable increase of river traffic.” 
in Table 4 certainly prc prove the contrary. 
~ ‘The Special Board of Engineer Officers, i in its report of December 15, 1906, — 
which constitutes the basic plan for the present improvement of the Ohio 
River, makes a conservative prophecy, which ‘might well be contrasted with — 
~ the one by Mr. Alfred. The report states that the commercial saving on a 
project with the then existing commerce would amount to $2 280 000 


- per year; and that “the ultimate annual saving *** would be several times the ‘ 


* Rept. of Inland Waterways Corporation, 1935, p. 7, Govt. Office, Washington, D.C., 1936. 
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amount stated.” The Sgures for savings in recent years, Table 4, amount to 
= -_- several times $2 000 000 per year, , and thus confirm the far-seeing estimate 


Some commentators on transportation refer to the regulating effect of o 
= J improved waterway on the rates charged by other « carriers. . The writer has _ 


t not been able to discover that the existing rail-rate structure discriminates 
a between points having water competition and points that are without water 


appears ‘to be affected by the ‘availability of the canalized Ohio River. 
coal operator, not directly interested in water traffic, has recently made the 
a re statement that the cost of coal at Cincinnati would be $1.00 per ton higher if 
4 there was no river. ~ Although this is mere opinion, it seems to coincide with — 
_ the general opinion. However, the effect on rates is by no means the only = 
te effect of the improved waterway on the population of the region. Routes of - 


‘communication, banking affiliations, the operations’ of jobbers, and all the "i 


a 


other business relations which characterize the true ‘‘regions,’”’ in the nore 
sense of the term, have been built up on the assumption of the existence of the 
improved waterway. If the river were to disappear the population of the 
_ water-shed would begin to diminish with great rapidity. Freight nateny Leia 
other costs, would rise with the attenuation of the regional market. a ; 
Throughout this study no statistical comparison has been made in regard to | 
passenger traffic. Such traffic is only to a very slight extent commercial. — a 


_ is essentially travel for pleasure. — Yet its general importance to the people of 
_ the Valley should not be overlooked. _ During the season of hot weather, » boats, 
- of all sizes, from canoes to huge penile boats, constitute a very important 
- element of joy to the people. None of these boats could operate if the river 


both an engineering and an economic standpoint, the 


Ohio River has been successful. This success tends to become greater 


information in this Appendix supplies confirmatory. details for the 
general given under the heading “ ‘Net Savings.” 


rv 


Coal: Monongahela River to the Ohio | River—The per ton- 


to have be been caused by river- -rail il movement ‘of coal to Youngstown, 
Ohio, which was started in 1932, the reduced savings were used for the last two 


H. R. Doc. No. 492, 60th Cong., Ist Session, p. ‘Am. Vo 
similar conclusion was reached by — Kutz, Transactions, Soc. Cc. ‘Vol. 1. 89 


af 
ie 
A 
4 
- 
“a 
| 
= | 
a 
a 
a 
4 


Cost: Kanawha } River —In the absence of more informa- 
tion for 1934, savings of 2.1 mills per ton-mile were used throughout. wit 
Coal: From Huntington, W. Va—The 1934 savings per ton were cal-— 
elated as 49 cts, and for 1¢ 1925 as 40 cts. There has obviously | been a progressive — = 
jncrease in the saving on this traffic, and the difference in savings was 
tributed proportionately throughout the years involved. 
=) Other C Coal and Coke.—The 1934 savings were 38 cts per ton, and the 1925 j Pee * 
e ~ savings were 24 cts per ton. It is reasonably clear that this change was due e 
to an alteration in the character of coal movement. In 1934, 697% of the ton- = a) a 
i nage was from mines in the vicinity of Wheeling, W. Va., which scarcely a 
A ‘produced any water-borne coal in 1926. The savings on the Western Kentue cky 
om which is the other principal factor in this category, were very much less 
than those on the Wheeling coal. The savings were interpolated over the — 
years 1926-1934 according to time. The change in the character of coal pat 
Sand and Gravel—The savings per ton-mile decreased from 14.9 mills in 
1925 to 10 mills in 1934. _ Apparently, | the decrease in savings is due to a aoe 
decrease in tonnage carried per barge employed. No terminal differential 


y was charged on products moved directly to river points for use in repairing a 
adjacent highways, or for the construction of river improvements, because itis 
ef ie = “more economical to unload a barge at the site of the work than to unload it oe 
den _ from railroad cars, and then haul it in trucks from rail-heads. The decreased _ ie ‘= 
value of 10 mills per ton-mile is used throughout th the period. . error in 
le of figure i is against the waterway. ph that. this 
and Lumber.—The 1925 savings were 12.2 mills per ton- In 
rian had decreased to 7 mills per ton- “mile. The d decrease in savings was 
adjusted proportionately according to time. ter of 
Pass | Iron and Steel——The enormous increase in the savings on iron and steel is a P 
abe . obs obviously due to the great increase in length of haul. In other words, the 
“— 4 b terminal differential chargeable per ton-mile has been greatly reduced. The 
ionof § saving per ton-mile has been proportioned on the basis of i ton- mileage. aralé * 
| Oil and Gasoline—There is no terminal differential on this product, or, if 
a a - there i is, it i is in favor of | the waterway. As the average haul increased, the p ‘ 
Savings per ton-mile were not increased. As up-stream traffic become’ 
le r larger portion of the total haul, the saving per ton-mile decreases. There has a 
es rt . been a slight decrease in savings per ton- mile since 1926, due to this latter fact. — 


ar 
me The decrease has been distributed according to the best information available ia 
on the change in character of F 


| 


—On this comparatively small shipment, the figure for saving per 
le for ton in 1926 was used throughout. 
on Cement. —This commodity its first appearance at this time asa 
town, item. The savings, however, were estimated in an unpublished 4 
document at 1.9 mills per ton-mile in 1925. . In 1934, calculations show 

aes | Savings at 7.5 5 mills. Bille ‘The increase is due partly to the fact that no terminal — a5 4 


differential j is charged on cement delivered to riparian construction projects, 7 vy. 


" and partly to a decided increase in volume of traffic. The savings for the years a 
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ECONOMICS OF RIVER IMPROVEMENT 

> 1925-1934 have been proportioned on the basis of the ton-miles moved on the 


unit combined with a in ‘Jength, of haul. “The 
present trend of movement began in 1931 . The saving of is used. 


ts Terminal Differentials. he used w were from the 
7 best evidence available. In. some cases the sources were confidential, On 
coal the value generally used was 5 cts per ton for loading, and 15 cts per ton d 


- for u nloading. On unmanufactured iron and steel it was 15 cts per ton for 
both loading and unloading. On manufactured steel it was 25 cts per ton im . 
loading and (on an average) 75 cts per ton for unloading. Incidentally, the _ 

unloading differential for manufactured iron and steel represents the entire 
- cost of unloading, as the ultimate consignee nearly always takes rail delivery a 


_ anyw ay, and, thus, all the cost of unloading from ss is an extra charg “4 


charge 7 75 one per | ton (except when-it was delivered for use in 1 riparian ‘a q 
tures). On freight moved by common carrier, of the differen- 


ted) toa) ot sith ak cat a, 
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«GRANT ON OF IMPROVEMENT 
Evoene L. Grant, 4M. Am. Soc. C. E. (by letter) —The author is to 


a be ‘congratulated on on his attempt to take the question of the economic justi- a 


% ‘fication for a high investment in the improvement of inland waterways out of 
the realm of conjecture and into the realm of measured facts, and for his careful 
statement of the assumptions of his study. Likewise, the Corps of 
- should be commended for its records of river traffic which made possible such a 


factual study. However, a critical examination of the stated assumptions and 
of the calculations of Table 5 casts considerable doubt on the expressed con- 
- din that the Ohio River improvement has been an economic success. a, 
The most important of the assumptions, of course, is Assumption (1) to the 
effect that all savings are passed on to the public in the form of lower prices. 
: Even under the assumption of free competition of classical economic theory this" 
isnot necessarily the case. A saving in transportation costs to all the competing 7 
producer in a given industry would be passed on, but a saving to a limited 
_ number of producers might or might not be passed on, depending on their com. 


ay petitive positions—that i is, on whether or not they are ‘ “marginal” producers i in 


_ Ohio River improvement would not be passed on. Under the well-known fixed- 

3 price structure of the steel eel industry, which has been in existence throughout th the 

_ period of this study, it seems probable that, as far as this industry is concerned, 

" none of the savings has been passed on; there has merely been a transfer of 

funds from the owners of the railroads that would have carried the traffic, had 

i there been no river improvement, into the pockets of the owners of the steel 

_ With regard to Assumption (2), it 1 may be noted that although the difference } 
between the costs of water transportation and rail rates is a fair measure of the __ 

economic advantage to the shipper in instances where the commodity would — 

_ move by rail if water transportation were not available, this is not the case with 

fy traffic that would not move at all if only rail transportation were available. _ 

pews traffic is created by the availability of cheap water transportation, the a 
economic advantage to the shipper is the difference between a rate which would 7 a 

#®B just serve to move the traffic (that is, “what the traffic will bear’) and the cost — 

ja water haul. Although this is not measurable, it constitutes a reason for _ 

discounting, somewhat, the author’s estimates of savings§ $= 

In connection with Assumption (3)—that the savings in the cost of ferriage 

_ have been neglected—it might be noted that the increased costs of highway 
and railway bridges due to the requirements of navigation have also been 
we ‘Thus, it appears that the author’s ; carefully ‘stated assumptions favor the 

Waterway to a much greater degree than he has indicated. al 
‘Table 5is an example ofa somewhat unconventional method of setting up an ; 
economic study. is in effect a a compound amount calculation 


likely that a considerable pert of the saving in 1 transportation costs from the 4 
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as receipts), with interest at 4 per cent. Such a ealoulation with respect to a 
a terminated enterprise would tell whether the invested moneys had been re- ee 
covered with a 4% return; however, its suitability for. judging the a 
success of the Ohio River improvement may be questioned. «= 
i _ This is particularly the case because there are apparently two separate 4 
“questions ¥ which should have been asked: (1) Did the moderate level of i improve- 
ment of the early days (with $13 000 000 invested before 1905), pay for itself 4 
4 in reduced transportation costs? and (2) does it appear as if the present canaliza- rg 
tion of the river (with its investment of $135 000 000) is likely to pay? sg ie 
4 : _ From an inspection of Table 5, the historical picture seems to be somewhat _ 
as follows: In 1905, and for a few years thereafter, the investment in river d i, 
improvement paid handsomely (not as much, however, as is im plied by the 
’ = 7 266% annual return shown for 1905 and the high returns for the years imme- ia 
a —— diately succeeding; these high values resulted because the author failed to in- ae 
clude the $13 300 000 spent on capital improvements before 1905 as part of ca 
the investment on which the return was calculated; he also omitted depreciation a 


- on these improvements throughout his study). Then the competition of other _ 
- forms of transportation apparently resulted in rapid obsolescence of the river ; 
_ improvements, and, by 1919, the commercial. savings were barely sufficient to — 
cover operation and maintenance costs, with no allowance for depreciation or 
return on investment. — After this the increasingly high level of river improve- a) 
ment served to stimulate river traffic to the point of increasing the annual com- z 
4 mercial savings to more than $12000000in 1934. = =) 
The author’ plan of writing of off subsequent investments ‘against ‘previews. 


. tendency to show last year’s savings as a return on next year’ s improvements. 2 

_ It should be clear that this is misleading—that the high commercial savings of fd 
be the early years which resulted in the “surplus” in the years 1906 to 1912 have 
no relation at all to the question of whether the subsequent higher level of im- 

_ Another objection to the use of the type of calculation involving the deter- iis 

- mination of a compound amount is the great importance of the assumed interest K? 

rate on the apparent conclusion. This dependence of the conclusion on the — Bs 

_ interest rate assumed is not always obvious either to the engineer making such sf 

— calculations or to his audience. If, for instance, the author had used 6% as his — 

_ assumed interest rate, his conclusion would have been that no profit existed in 

any year after 1915; ews would have implied that the me level of improvement — £ 

‘The real question with regard to a proposed in capital gobde~! 

either in private enterprise or in public works—is whether the investment seems 

likely to be recovered during the economic life of the capital goods plus a return * 

_ which is attractive in the light of the apparent risks involved. In private : 

enterprise, it is customary not to make such investments unless the Levene 
rate of return is , considerably greater than the cost of money; thus a concern with 

an average cost of capital of 7% might be likely to require a prospective — * 
before e undertaking a proposed investment. Where the possibility 
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on ON ECONOMICS OF RIVER 
x cbeolescence ¢ exists, the required safety | factor may be much greater; a common 
- requirement in the manufacturing industries is that a proposed investment in > bl 
: cost-reducing machinery must “pay for itself” in two or three y rears, | or, in some 
is Two considerations should be noted in connection with interest rates in 
My economy studies regarding public works projects. The first is that when the 
- Government collects taxes it is taking funds which might otherwise be pro- 

ductively invested by the taxpayers. It follows that public works so financed 

are not socially profitable unless they show capital recovery with a return at 
~ |east as great as the return from the private investments which are displaced by 
the diversion of taxpayers’ funds to public uses. This is a sound principle even 
ts if the difficulties of placing @ money value on the benefits from public works 
- make it difficult to calculate a rate of return in many instances; but where — 
} benefits are measured, as in the present instance, a project is not economically r. 
# successful unless the return is as great as the average return obtainable by the a 


The second consideration in selecting an interest rate for economy studies - 
* for public works projects i is that of the necessity of a safety factor. © ‘The high Bus 
safety factors commonly used with 1 regard to proposed cost- saving improve-_ 
ments in private enterprise have been mentioned. _ These safety factors are 
5 ‘used because experience has shown that estimates of savings and of the economic > 
lives of capital goods are likely to “(go wrong. 5. As errors in such estimates are 
‘ not confined to private enterprise, it would seem reasonable that a safety tictor — 
should also be used in public works projects. This is particularly true in the — 

_ present case, in which many arbitrary assumptions necessarily enter into the 

- evaluation of benefits. _ It may also be noted that, although obsolescence does ; 
“not operate as rapidly in public works as in many private enterprises, the ince ; 


_ ofthe Ohio River navigation presented by the author shows a rapid obsolescence 
ofthe earlier moderate level of improvement. 

af The use of a 4% interest rate in this economy study is in effect the assump-— 

- tion that 4% is a satisfactory return on the Government’s investment in the . 
Ohio River improvement. _ In the light of the considerations which have just 

= mentioned it would seem as if the return should be considerably higher 
this, before i it can be said that the improvement economically 

For this reason it should be of interest to determine the apparent rate of — 

return in each of the thirty years of record, calculations which avoid 


is not the case, however, because of the author’s neglect « ‘of the 
=o investment f prior to 1905 and because of the fact that the interest charge or 
- credit has been based on the “cumulated capital account’’ rather than on ae 
depreciated investment. ‘Therefore, the writer has computed, in Table 7, the 
apparent profit o or loss. that ‘would have been shown each ye year in the income 
"statement of a private enterprise with receipts equal to the commercial savings — 
a Column (16), Table 5, and operation and maintenance costs equal to the — 


Values es shown in Column In the of ‘any information regarding the 
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dates of the $13 600 000 investment to 1905, the investment 


i 
7 * t the beginning of 1905 has been assumed arbitrarily as $10 000000 and — I 
depreciation has been charged on the investment on the basis of an assume 

-40-yr life; the annual depreciation charges shown in Column (14), Table 

.¥ thus increased by $250000. All values have been expressed to the nearest a 

$10 000, as it does not seem that more significant places ar ae justified by the - . 

_ The record as shown from 1912 to 1934 in Column (5), Table 7, is not - 

= _ impressive; the rate of return is never great enough to be considered attractive 9 ‘ 

in the light of the risks involved . Iti will be noted that this is so despite the _ x ? 

- fact that Table 7 gives the waterway considerably more than it is entitled to by i i 

‘TABLE 7. —ANNUAL Prorit AND Loss STATEMENT (IN MILLIONS OF Down) it 

Rats or Rerugn ON DEPRECIATED INVESTMENT FOR 

Mon] expense] wet | Plant 
income|invest-| depre- |} | income | invest- | depre 

at Fiscal | Gross | ment ciated || Fiscal | Gross | meat ciated 

year | income ess | invest- year | income — | less | invest- 

Column} depre- | ment, Column depre- ment, 

depre- | (2) ciation ry depre- (2) | ciation f 

Fi 
—-1905...] 3.03 | 0.56 2.47| 10.69 | 23.1 || 1920..) 244] 227 | 0.17] 50.33 | 03 

1906...] 3.05 | 0.49 | 2.56| 11.59 | 22.1 |} 1921.:] 2.17 | 2.57 | -0.40| 55.84 | -07 

1907...| 3.06 | 0.56 2.50] 13.08 | 19.1 |] 1922..] 2.01 | 3. —0.99 | 58.80 | -L7 

1908...) 2.39 | 0.60 | 1.79] 14.06] 12.7 || 1923.:| 2.75 | 3.59 | -0.84| 62.34 | -13 

1909...) 2.14 | 0.73 | 1.41] 15.68 9.0 || 1924..] 341 | 3.67 | —0.26 | 66.70 | -O4 

1910...] 244 | 0.72 | 1.72] 16.53] 10.4 |] 1925..] 5.71] 405 | 1.66] 7313] 23 a 
1911...] 3.10 | 0.76 2.34] 17.77 | 13.2 |] 1926..] 6.54] 4.35 | 2.19} 79.56 | 28° 

1912...] 1.92 | 0.99 0.93] 19.49 | 4.8 || 1927..| 7.57 | 4.01 | 3.56] 8453] 42 

1913...) 2.16 | 1.06 | 1.10] 21.57 | 5.1 || 1928.) 868] 448 | 4.20] 9241] 45 

1.69 | 1.05 | 0.64] 25.53 2.5 || 1929..| 10.28 | 5.01 | 5.27 | 95.44 

1915...| 1.61 | 1.17 | 0.44] 32.74] 1.3 |] 1930..| 10.00 | 5.75 4.34 oes | 45 

1916...| 1.22 | 1.31 | —0.09| 37.23 | -0.2 || 1931..| 10.03 | 6.29 | 3.74 | 96.15 | 39 
1917...) 0.93 | 1.41 | —0.48] 40.17 | |] 1932::] 8.75] 720 | 1.55] 9393] 17 

1918...] 1.15 | 181 | —0.66| 42.40 | —1.6 || 1933..) 10.36 | 7.97 | 239] 91.70] 26 

1919...) 1.03 | 2.01 | —0.98] 46.26 | —2.1 |] 1934..] 12.36] 694 | 542] 90.34] 60 ie 

aft assuming the revenue as 100% of the author’ s estimate of commercial savings. — ' 

If, as suggested at the beginning of this discussion, much of the savings in tg 

- ‘tnemetedion costs are not passed on to the public in the form of reduced | 


q the “picture” becomes even more unfavorable to the waterway. 


oo no profit in twenty-two of the last twenty-three years. It would seem, 
_ therefore, that even if weight is given to the ‘‘Non-Statistical Considerations” ,. 


: — noted at the end of the paper, the Ohio River improvement can n scarcely be be m 


Frep Lavis, M. Am. Soc. (by letter) —The ‘members 0 


Society are to be congratulated on ul paper by Colonel Hall and the re yey 
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illuminating. data he hes uninanas in regard t 

- River and the costs thereof. _ They are an important addition to the = : 
‘There are two points to be noted, , however: First, his assumption that 


3 Government expenditures i in the case of the improvements on n the Ohio —_— 


second, that comparisons of costs of transportation between line 
are a true criterion of comparison between rail and water-borne transportation. — 
ad The co comparison with the provision of land beacons for the guidance of 
+ sinplanes, while perhaps partly apropos, is not entirely so, because these 
4 beacons have to do with the carrying of the mails and the need of national “a 
: defense to keep abreast of other nations in the development of aviation. — 
are also a necessary service for the actual military needs of to-day. _ ‘ 
b Improvements of harbors on the coast at the expense of the nation are 
"justified because they affect the entire life of the nation and its people, unless 
they believe in, and can actually practice, an isolationist policy—which ol 
i neither do nor can. The coast line and harbors of the United States are the — 
— concern of the nation as a whole, not merely of those who live next to them, . 
; and, therefore, must be a charge against the Federal Government. Ad were 
_ To take only two specific examples: The coffee on practically every break> : 
4 fast table in the country, every morning, , whether it be New ‘York, Ohio, ou 
- Virginia, Colorado, or anywhere else, must come in through an ocean terminal — 
: port. Automobiles made in Detroit, Mich., for export must be shipped out > oy 
through an ocean terminal, etc. Ocean terminals really serve & national use. 
 Itis quite understandable also that the lower reaches of some rivers can be 
e ‘atlnded as part of the coast line, or as parts of, or extensions to, maritime _ 
omen _ The exact line of demarcation between coast line and inland water- 
_ (Ways may be difficult to determine. Notwithstanding the long established i 
- legal authority of the Federal Government over all “navigable” waterways, — 
is difficult, however, to consider such improvements | as those of the Ohio 
oe other than local improvements or as beneficial to other than local inter-— 
ests. Colonel Hall’s paper tends toconfirm this. 
Of course, the writer is not unmindful of the possible far-reaching effects 4 
of flood control, but that hardly affects the present discussion. ghana ae 
oF Comparisons of transportation costs between main line termini are y not of a 
~ much value; neither are ton-mile costs per se inasmuch as the river is almost — 


™ to be longer than a parallel line of land transportation. The true criterion 
is the cost of transportation from producer to consumer. If coal is produced — 
_ at a mine on the river, shot directly into barges, transported, and then con- | 
‘sumed at another point on the river after direct transfer from barge to firebox, © - oe 
_ the river charge is an accurate measure of the cost of transportation, provided — 4 


_ pro rata costs of construction and maintenance of river facilities are included. — y 
Colonel Hall’s paper indicates that these last named costs are not included, 

“and he thinks their payment by the general public is offset by general public 

benefits. It is difficult to follow this reasoning, or to understand why a tax- 

we in Portland, Me., Boston, Mass., New York, N. Y., Seattle, Wash., ~~ <> 

“San Francisco, Calif., should pay for these local benefits to ‘people who happen 

to live the improved channel of the Ohio River. 
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is also to be considered the very strict of rail Tates 
_ the limitation of return by Federal agencies on investments in railways | which MA 
takes no account of this subsidized competition. 
= Ste Leaving this subject, there still remains the question as to whether tiver 
_ costs (including tt the cost of the improvement) between t termini are true me meas 3 
. ures of the transportation costs of the material carried on the river. Much = 
this material, it would seem, must have further charges for land transportation — 
either or both ends. A true comparison, therefore, can only be made 
- comparing all transportation charges, including loading and unloading en route 
For any | bulk freight : such as that handled by river, this may be an impor- - 
tant consideration. It might well be that the actual full cost of transportation 4 
of coal between off-river ‘Points might be less if it were handled from a railroad 


‘There se seems to be little doubt that the improvements « on the Ohio Rint 
benefit somebody and provide low costs of transportation on some goods for 

some people. _ It does not, however, seem to be apparent from tl this paper, or — 

¥ from other available evidence, that this justifies taxation of others whose = 
ie fits are very small, or nothing at all. Moreover, the mere comparison of costs 

a _ between main-line termini i by one or more different methods of transportation — 


is not a true m measure of comparison of transportation costs. oft 8 ates 
Stack Barrer, Esa. (by letter)—Complete and convincing as this 
‘paper seems to be, a careful study reveals the need of emphasis on several 
- History of the Ohio Valley Improvement.—Although the first dam was com- — 
pleted at Davis Island, in 1884 (as Colonel Hall states) there was no ‘Teal 
_ canalization until years non 1895 when The Ohio Valley Improvement Associa- 
_ tion was organized . By the time the Panama Canal was opened to commercial — 
_ navigation in August, 1914, only 1 twelve dams had been completed on the Ohio — 
River, and most of those between 1910 and 1914. ni The sum and substance of 
- the matter is that these dams were located and built to facilitate navigation 
= some of the worst parts of the river, and served principally to expedite coal 
movements from Rensasivenia: and West Vi irginia mines to markets, § some of 


= 


have been the considerations, namely, cheaper transportation and 

 - In 1914, the war in Europe began at about the same time that navigation 
P< opened in the Panama Canal. It is impossible to separate the effects of 


these two simultaneous events, but the four war demonstrated the 


shortening the commercial distance between the two ‘atts increased the dis- 
advantages suffered by industries in these inland valleys in competition with — 
those situated at tide-water. The result was the popular demand for the © 
Stata of the improvement of the Ohio ‘River, deepening and stabilizing j 
channels in the Mississippi River, and the improvement of other waterways 


Valley Improvement Assoc., Cincinnati, Ohio. 
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navigation. In the mean time, oil had largely re replaced coal in the 
markets, and what was left of the coal movement amounted to a number of 
important isolated trades. It is significant, however, that the prospect of 
dependable , channels in the Ohio and Mississippi Rivers attracted the attention | 
- ofalert industrial managers to such an extent that the 1929 traffic (not counting 
or of the tributaries) amounted to 1 513 000 000 ton- -miles, with coal ac- — 
; counting for 50%, and the ‘growing: iron and steel traffic ‘accounting for about 
The year, 1929, will | long be remembered as the ihiditaladiass of the great ig. 
pression. By 1932, the traffic decreased to 1392 000 000 ton-miles, but in 
1933, with the resumption of industrial activity in the United States, the traffic — 
io began to mount until 1936 when it attained 2 653 000 000 ton-miles, represent-— 
ing a an increase of 75. 5% over the traffic in 1929, with iron and steel accounting 
_ Benefits —Colonel Hall has definitely shown, by detailed figures, the most 
- athoritative estimate of the actual savings afforded by the present use of the 
improved Ohio River. This might be considered as the direct public benefit. — 


‘There has been some speculation as to whether the savings are enjoyed by the | 


‘3 consumer or by the producer, by the shipper or by the consignee. Such specula- ; 9 
as tion is interesting from an academic viewpoint as an effort to determine what 4 Ke 
~ of the public derives the benefit. In fact, both the producer or the shipper Fie 


and the consumer or the consignee are the public, and any benefits derived by — 
either or by both are derived by the public, 
a addition, there are the indirect benefits merely suggested in several places _ 
in the paper. ‘These benefits cannot be measured, charted, and definitely 
analyzed, but they probably constitute the greater part of the economic value of — 9 A> 
the improvement. It has been freely admitted that the great steel industry 
; “could not exist in the United States without cheap water transportation. Itis — 
certain that the Pittsburgh industrial area is dependent upon it. No man ey 
ve would hazard the suggestion that the public is not benefited by such industrial — 
7 activity. ib What public-spirited citizen of large vision would advocate concen- 
tration of all the majox industrial plants on the seaboard? The improved Ohio | 
_ River is a large contributing factor in retaining and attracting industry, thus — 


contributing to a more balanced development of the nation ot ib q 
a 


a ie is a definitely established fact that the rate structure applicable to ‘com- 
_ Modities which form the bulk of the freight on the rivers has been substantially — 
= lowered. The best evidence on this point can be found in the rates approved by  ¢ 
the Interstate Commerce Commission in the last decade. The freight bill paid bo, 
by citizens has been lowered substantially, | 


‘The net et result of the of the Ohio and Rivers i is that 
the p 


all indirect benefit of the citizens of the nation. The 
With the growing use of the river. These were the ends on which the i improve- — 
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Epmunp L. Datey,” M. Am. Soc. C. E., and Forrest E. Byrns, Assoc, M. 
Am. Soc. C. E. (by letter)—Too often the discussion of the economics Pe 
river improvements reaches one of fallacious. conclusions: 


(a) Internal waterw ays are anachronistic. They have outlived their useful- 


. 4 ness in the development of the country. Their further improvement by the s 


United States i is, in all cases, a waste of Federal funds. opine ne = 
Mm = (b) Improved. waterways ¢ constitute the ‘panacea | of all transportation ills, 
7 They provide the minimum in transportation costs and, in addition to a 

savings procured to the public through shipments over the waterways ae } 
“ selves, they have a beneficial effect on the rates charged by all other carriers, = & 


Colonel Hall avoids either extreme position. Dispassionately, he 


‘analyzed the economic factors involved in modern transportation on one 
Ina ‘study of the Ohio River, desbvedion of tangible benefits is made easier 


because of the abundance of accurate data on the volume and types of river 
traffic. As in all studies of this kind, the difficulty lies in determining 


method of analyzing the complicated | economic questions which must be. 


rivers are not worthy of improvement. Some rivers do have charac- 
4 teristics which constitute a prima facie case for economic river transportation. 
In the present day, river transportation is most useful in the movement of — 


bulk commodities originating at points close to the river route and 


‘stone, sand, and gravel, and cement, originate on or near the main river or its t 
tributaries and move at low costs to points on or close to the river or connecting - 


‘jetta: He limits the analysis to a discussion of transportation differentials and 
t makes a careful comparison of the entire cost of the waterway shipping (includ- : 
ing construction costs) with rail shipping. He finds that the total cost of water 
shipments on the Ohio River at the present time is less than the cost of r “ 
shipments. In the past few years, traffic on the river has been increasing. og 
- The Present | trend indicates that | both the tonnage and, more particularly, the 
ton- -mileage 1 will continue! to increase. . 7 he conclusion ssached! is that from both £3 
an engineering and an economic standpoint, the canalization of the Ohio River ey 
has been successful and that this success tends to become greater with time. 
_ The author is to be commended for the definite statement and discussion of 
the assumptions upon which much of his cost study is based. The most 4 
_ vulnerable point for criticism of this or any similar study is his Assumption (1). me 
This is tacitly admitted by Colonel Hall, as well as the fact that any error i in the 

the waterway. An attempt in each individual case to 


*Col., Corps of Engrs., U. 8S. Army; Div. Engr., North Atlantic Div., New York, N. 
8s. North Atlantic Div. ., War Dept., New York, N. Y. 
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increase until eventually the original assumption will 


ke Presumably, opponents: of river improvement will grant that as far as the : 
Ohio River i is concerned, if these computed definite actual benefits areinerror, 

4 at least the error is not great enough to change the results very much in the © a A 
other direction. Then one comes to the consideration of otherintangible public 
- benefits that are difficult of assessment. Although these intangible benefits 

were not considered by Colonel Hall, they are very real. 

Upto the time of the Civil War, traffic that was moved for. any distance was 

largely water-borne. The development of the United States, and theextension 


: of its settlement from the eastern seaboard, followed naturally along the — 


: _ navigable waters. Many of the early canals and early 1 river improvements that 

were in themselves largely unprofitable were warranted by the development of | 7 

the Civil War, the transportation picture has changed. As. 
boats were displaced by railroads and other more rapid means of transportation, 


- commercial navigation on rivers and canals gradually assumed less and less 


om _ Before this, due to the advantage of low- “cost water transportation of bulk 
‘ commodities, new basic industries had arisen. Large towns and cities had been» 


- built around these and related industries, w ith consequent economic benefit to a im 
‘the Federal and State Governments. have partaken of these benefits = 


‘munities, ‘such Clairton, Aliquippa, ar pt “Ambridge, Pa., ‘and Weirton 
F - Follansbee, W. Va. These are very large benefits. New wealth was created. — 
‘The monetary value of these benefits is positive but not definitely | calculable. — 
Dest Within the past few years manufacturers and shippers have begun to re- 
discover the advantages of shipping on the inland waterways. New equipment 4 
; . is being developed for the transportation of bulk commodities. _ Barges and 


self-propelled motor ships (especially tankers) are being. designed particularly j 


to fit the conditions existing on the more important inland waterways. — gt 
@ Time only will tell definitely whether the more recent ; improvements on | the , 
rivers of the United States, involving the expenditure of many millions of 7 
i dollars, are in all cases economically justified. Colonel Hall’s paper shows that — 
the present commerce on the Ohio River and | the resultant in 


4 AND W. D. Faucerre,” MemBeErs, AM. oc. C. E (by 
letter) problem offered for discussion in this paper is stated by the 
author as follows (see heading: : “The Problem”) pir imi 
ge “Freight moves on the Ohio River because it can be transported ‘iia: 
- cheaply by water carriers than by land carriers. It can be bar te at low 


Engr., 8. A. L. Ry. System, 


*Chf. Engr., A. C. L. R. R., Wilmington, N. C. 


determine the exact percentage of savings due to water shipments that is passed 
on to the public is clearly an impossibility. That the percentage is high and 
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rates estienin engineering works have been built on the river at the expense of 
the taxpayer. Since no tolls are charged, the Treasury derives no direst 
Bi public obtains an indirect return in the reduced net cost of water- 
> transported articles consumed. The problem is to compare the engineering 


costs of the improvement with the value of the public benefits. * * *” Rie 
i! Assumption (1) i is that the entire reduction of costs (the author means, not 


a the cost, but merely the boat operator’s cost) in transportation of freight, 
_ due to t the existence of an improved waterway on the Ohio River, is passed on 
to the public i in the form of lower — of the. ‘goods transported, and hence 


“) = if ‘His own discussion which follows indicates that this is a most violent a 


pl My In the report of the Mississippi Valley Committee of the Public 
_ Works Administration (PWA), submitted to Administrator Ickes on October 1, — 
1934, it was correctly stated: “Private carriers—largely coal and steel companies 
—now transport | more than 95% of the total commerce on the Ohio = 
- Recently, there has developed a heavy volume of petroleum p products moved i in 
tank barges for the large oil companies... .... 
= aan As Fig. 1 shows, the really heavy tonnage of coal on the Ohio River i 7 
between Huntington, W. Va. (via the Kanawha River or by rail) and Cincinnati, 
: x Ohio, where some of it is re-shipped by rail. The author quotes testimony — 
_ indicating that any difference between the rail-river-rail and all-rail costs is not 7 


4 passed ¢ on to the consumer, but that the cost to the consumer is identically y the 


same. The writers know of other evidence before the Interstate Commerce — 
Commission. indicating that tall s such coal i Lis sold on the basis of the all-rail aed ; 
. The great bulk of the coal consumed along the Ohio River and contiguous ter 
-ritory is moved by all-rail routes, and it may safely be stated that in the great — : 
_ majority o of instances any alleged ‘ ‘saving” is simply ‘ “pocketed” by the seller. — 
a | well known that iron and steel, moving in heavy volume the length of 
ro the Ohio River, are generally sold on the basis of certain mill prices (usually Pitts 
= 7 burgh) plus the rail rates from there to their destinations. . The alleged “saving? a 
retained by the shipper or producer. add 
tis certain that the price of gasoline to the consumer is nth less because of j 
qi the heavy volume of water-borne gasoline on the Ohio River. It isa matterof 
a ‘common know ledge that these prices closely reflect the price ‘in the Mid-Con- A 
< _tinent Field plus the cost (usually rail rate) of transporting it to its destination. — 
It is useless to consider sand and gravel, moving in heavy volume by barge 
ae the value of river improvements and maintenance to such traffic is nil, 


_ Assumption (2) is that the eduction of cost in transportation of freight is 


equal to the rail cost of transporting the freight actually carried by water, 
‘minus the water cost of transpcrting that same freight. — 


necessary, therefore, to use rail rates; but water are as difficult to 
as rail costs and, ber ‘it is 8 necessary to compare rail rates with 


pared with like. As will be developed later the. author’ 8 alleged “water costs” 
are nothing : more than general averages plus so-called “terminal differentials” 
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and there are available general averages of rail charges i in the form of average 7 
mile earnings which would have permitted of like-for-like comparisons. 


88 


ssumption (3) requires no comment, and Assumption (4) is admittedly incor- | 
‘ rect. It is possible to obtain a break-down of the expenditures of the Federal | 


Lighthouse Service and of the Steamboat Inspection Service sufficient even to 7 
approximate the costs chargeable to the Ohio River. Whatever they ent 


ie or small, they should b be included to secure the true picture. pane: hae nd 


ll Assumption (5) i is that, in comparing - expenditures and benefits, no acai 

RG has been made for taxes. This is correct; but why not? One reason assigned 7 

author is that a charge is not applied generally to all 

beh ‘moving on public highw ways. Although it may be true that motor carriers “ 
‘not pay adequately for the use of the public highways, they do pay something — 

a for such use in the form of special gasoline ¢ or mileage taxes, whereas the ier 
carriers pay xy nothing. — Another assigned reason is that nobody « charges the cost _ 
a lighting an airway against an airline. This is an irrelevant statement when 

fg the purpose is to compare rail costs with water costs. — et 

Ethic ‘He then argues that the water carriers pay taxes on terminal a 

which would have practically no value if the waterways were not improved. 

Pat Perhaps this is true, but he ignores the fact that such water terminal properties __ 
generally take the place of railroad terminal properties which are just as taxable. = 

x Then he states that they pay taxes on floating plants that would not exist if Z 

’ there were no waterways. Here, again, he i ignores the fact that the floating — 

~ plant takes out of ‘commission, at the very least, an equivalent in rail road — 

: equipment which is taxable. The fact i is that most of the water carriers incor- — 
porate in Delaware and thereby escape the payment of taxes anywhere on 

. floating equipment. (In this connection see reports of the Mississippi — 

Barge Line Company and American Barge Line Company on file with rae 

InterstateCommerce Commission.) 

_ Furthermore, when the tax-free, improved, Ohio River waterway and the © 

- Virtually tax-free barge companies operating over it engage in competition with — 

_ the tax-paying railroads (paying in taxes approximately 7 cts of each gross & 
_ Tevenue dollar), the result is not only to decrease the railroad volume and 

2 increase its unit costs, but it lessens the ability of the railroad to pay taxes ae, 
_ needed for Government purposes, including public schools. The tax revenue i 
loss thus created must of necessity be made up by heavier taxation on other a 


property owners and taxpayers, as has been so well stated by Professor H. L. © 
hl in “Public Finance,” who stated further that the exemption of a utility — 
from taxation means an exemption of the users of the service from taxation, _ 
to the extent of their use. In the present case, it means that a relatively few _ 
lage steel, coal, and petroleum companies transporting 95% of the traffic on | 
[m the Ohio River are receiving the benefit while the general taxpayers are paying 
deficit. bearing on taxes, the following quotation from Professor Luts 


a “There appear to be good reasons for the inclusion of a charge against bas f 

Current earnings roughly equivalent to the local tax on a similar private — : 

_ Property. In the first place, such a seit is & proper: element of cost which 
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WILLOUGHBY AND FAUCETTE ON ECONOMICS OF RIVER San 
the: industry should bear, whether it is publicly operated, 
_ Secondly, the imposition of such a charge would throw into clearer relief the _ 
- actual incidence of the benefits of public as compared with private operation, — 
a; is not desirable in a democratic community that any limited class should — 
8 continue to receive benefits which are being paid for by the remainder of the a 
group, unless this class is defective in intelligence and earning power, or is 
a _ subject to handicaps of health and strength which require specia acknowledg- <a 
ment. A third reason for the inclusion of such a tax charge is found in the fact 
“4 that by such a practice some part of the cost of government is diffused among 


those who are not readily reached by means of property taxes or other direct 


It is true that taxes are not actually vata on the improved waterway and e 
pe taxes are paid by the boat. operators; but when, from ‘an economic and 
social standpoint, an attempt is made to measure the relative economics of 
waterway versus rail transportation, an allowance for taxes must be made, 
either by adding them to the waterway costs or by deducting them from. the 
‘rail costs. _ Simply to ignore taxes as is done by the author is untenable. re 
‘ Referring to that part 0 of the paper headed “Carrier Costs of Water-Borne 
Freight”: The basis for the approximate costs, 2 as stated, is s somewhat ‘obscure. é 
| There i is no way for the writers to check any of the alleged “savings,” in cents a 
~per ton, or in thousands of dollars, appearing in Table ‘For the purpose 
4 “analysis the writers will have to be content to use the “line-haul costs of 2and _ 
- 3 mills per ton-mile for principal coal movements, and about 3 mills per ton- i 
mile for steel.” — _ Although the so-called “terminal differentials” generally used _ 
_ by the author are stated at the end of the paper, ‘it is difficult to make use of i 
them; so they are largely disregarded herein, 
; a In discussing Table 4, the author admits the overwhelming importance of a 


the four products, coal, steel, petroleum, and sand and gravel, 
.. Under the he heading, “Net Savings,” the author states that the costs on 
each of the more e commonly used routes for each important commodity were 
“3 determined by multiplying the ton-mileage moved by the average cost per — 
ton-mile as estimated (for water-borne freight), adding the terminal differential — 
between rail and water transfers (except petroleum), and also adding the pre ae ig a 
rate for rail haul where the commodity was hauled either to the river, from the _ 
a river, or both; these costs were deducted from the comparative rail rates, and ze 
Solely for the purpose of the writers accept the | Goreme 
” costs, in mills pe per ton-mile (1934), of 5.6 as stated. This is a . water ton-mile 
cost to the Government. It is conservative to state that, due to the meandering - A 
_ of the inland rivers, the water distance, except for railways that follow the — 
a ‘meandering river, is on yn the average at least 50% longer than the ae) 
as distance. It is perhaps true that the average movement by rail may be as "7 


than the shortest route. ~ Consequently, to obtain a fair comparison of 1 water — 
_ line costs (Government and boat operator) per ton-mile with rail revenues per 
ton- mile, the former must be inflated 507% and the latter 10%, ' thus ee 


= 


the gross savings from this value the savings per ton-mile were 
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WILLOUGHB 
le this connection, it should again be stated that sand and gravel, now and» 
a _~ before the present improvements, is and was dredged from near-by sand 2 
bars and moves short distances to large cities. By no stretch of the imagination rs 
an sand and gravel secure a material benefit, if any at all, from the costly - 
- improvements and maintenance. It has been said, truthfully, that the | 
pools formed by the forty-nine dams in the Ohio River submerge and otherwise 
ee (by failure to create) sand-bars from which the sand and gravel i is 
ee, and yet, the cost of the river improvements and maintenance — 
sab over all traffic, including this heavy tonnage of sand and gravel. Table 4 
4 shows that of the total of 13018 335 000 ton-miles in 1934, 1 026 849 000 
re ton-miles were represented by sand and gravel. It is likewise doubtful whether — 
the improvements and maintenance were of any value to the log and lumber — 
tn traffic, the ton-miles of f which ir in 1934 were 64 516 000. Sand, gravel, logs, and — 
4 lumber represented more than 8% of the total ton- miles. If eliminated, and 
if the Government cost were allocated to the traffic that ‘benefits therefrom, 
fel obviously, the average Government cost: would be in excess of 5. 6 mills per 
Pe water ton-mile. For the | purpose of comparison, how rever, 5.6 mills will be used. 
is Although it is stated that the average Ohio River haul is 119 miles, clearly © 
3 


p this is depressed k because of the | influence of the short-haul sand and gravel ; 

traffic. In any event, it is not a very important factor in this analysis. Met : 
ay ‘The rail carriers that are principally competitive with the traffic ao 
over the Ohio River waterway, together with ton-mile revenues in 1934, actual — 

; and as inflated 10% to make them fairly comparable with absolute. short-rail 

TABLE 8.—REVENUES FOR Ran TABLE 9.—WaTER Tox- 


EVENUES, IN ATE, 


and Ohio Government.. 


Total (water cost, 2¢)........ 


Each of these carriers transports a heavy volume of the same bulk 

Modities as are transported on the Ohio River, principally eoal. Out of these 
earnings they must pay all costs, including taxes. ‘With the exception of the , 
Boyan and Ohio Railroad all were pin, or fairly 80. No one can 7 

ay that for comparative pur poses they represent a fair selection to determine 
the relative true costs of moving 
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the exemption of water transportation from taxes, and ‘merely using 
average of 5.6 mills per water ton-mile, Government cost (also as inflated 50% 
to reflect an equivalent rail ton-mile) and water operator costs of both 2 and 3 aa 
ets (see heading, “Carrier Costs of Water-Borne Freight’’) per water ton-mile a 
(also as inflated), the values shown in Table 9 result. out 


= It will be observed that these p partial waterway costs are greatly j in excess 2 
of any of the foregoing rail lines. If average ton-mile costs are to be used for ' : 


water transportation then it is emine ntly fair to use av erage ton-mile r revenues 


for the railways; in fact, their use is decidedly favorable to the waterway > 


‘Fig. 1 l | shows a ‘sala tonnage of coal between Huntington and Cincinnati, ai 
‘This coal | originates on t the Chesapeake and Ohio Railway - which line | has i 
hy established low rates ‘Huntington for the movement beyond that 
point va river; it is unloaded through a tipple into barges at Huntington, 
Most of the coal then ‘moves to a point just west of Cincinnati. where it is | 
unloaded, moved up an incline through a tipple and dumped into rail ears for Ls 
_ movement te to points in and about Cincinnati and points beyond. — It is obvious » 
that the barge “movement between Huntington and Cincinnati is simply a ay 
_ substitute for Chesapeake and Ohio rail service between the same points. The a 
- _ Chesapeake and Ohio runs parallel to the Ohio River between these points, and a 
both the river and the 1 railroad are about 160 miles long. Movement via barge 
necessitates two in intermediate terminal which are on all-rail 


ae Computin g the barge movement at 2 mills od ton- mile, a low estimate (see i 
author’ s discussion of Table 3), and loading at Huntington at 5 cts per per ton, ss 
2-9 unloading at Cincinnati at 15 cts per ton (see “Terminal Differentials”), plus 
the: Government cost of 5.6 mills per ton-mile, the total cost for 160 ‘miles i . 4 


average ton-mile revenue of the | Chesapeake and Ohio Railroad 


1934 was 5.96 mills. This includes all terminal expenses. This railroad had 
as an average haul in 1934 of 284 miles. Although the substitute haul, in this 
‘. me. case, is less, ‘no additional origin terminal expense would have been necessary 
~~ if handled through by the road, and the same would have been true if the coal 
had been consigned to points beyond ‘Cincinnati. The average of 5. 96 is con: ‘a 
_ servative. ve. It produces 95 cts per ton for the rail haul from Huntington to wi 

7 Cincinnati, as contrasted with a total cost of $1.42 per ton for the substitute — 
river Manifestly, a movement via river is profitable to the 


pr 


It is that the alleged sa savings as 4) 
: would not stand the test if it were possible to check his computations. In this ‘A 
~ connection note Table 6 and the author’s discussion of Table 6. What he does 


here is to assume movements from Cincinnati proper Ky., 
is 
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oR ue of ton-miles 
bad 
Tron and steel. . 
and gasoline. 


+ He then proceeds to determine the rail costs to a shipper per water ton-mile . 
oy using the local rail Tates from ‘Cincinnati to Louisville as contrasted with — 7 
gn assumed water cost per water ton-mile. A local rail movement of coal from i 
Cincinnati to Louisville is almost impossible. No coal originates there and the b 
rail rate used is virtually meaningless. The fictitious rail movement ell 
represents ‘nearly 50% of the total ton-miles used in the comparison, and greatly | 

affects the showing. There is little likelihood of any appreciable movement of 
cement or iron and steel either by rail or by water locally, from Cincinnati to 
Louisville. The entire comparison partakes of the nature of aligning data in a 
direction favorable to the project and to produce a desired result. soo 
oe the method used, the author is able to produce an average rail cost to. 
the shipper on on the aforementioned traffic from Cincinnati to Louisville of 21 3 
ills per water ton-mile as contrasted with a water cost of 14.9 mills per water | 


_ ton-mile (cost | to shipper 9. 3 mills plus cost to Government 5. 6 mills), and se 


and the Baltimore and Ohio Railroad Company (also’ operating between Cine 3 

cinnati and Louisville) were only 8.18 and 9.46 mills, respectively, 

Under the heading, “‘Non-Statistical Considerations,” ’ the author apparently 
attaches much value ‘‘to the regulating effect of an improv ed waterway on the 

_ rates charged by other carriers.” This can only be predicated on an Interstate 
Commerce Commission so impotent as to permit rail carriers to maintain rates 

- higher than are just and reasonable. _ Although it is true that, in many cases, 2 
water competition has depressed the rates of the rail lines, it must not be over- 7 
looked that: An efficient railway system serves the entire country; it serves 

- Points on the rivers as well as in the interior; it must have operating revenues _ 

_ sufficient to pay all expenses, taxes, and a reasonable return on investment; the 

people as a whole must of necessity support the railway plant. by paying rates 

: that will produce sufficient revenues in the aggregate; and that were it not on ; a 

: the necessity of reducing some rail rates to meet subsidized water competition! 
which benefits a relatively small part of the general public, the crempentatied = 
- burden might be more equitably distributed. The writers cannot agree that 

d the so-called “regulating effect of an improved waterway” furnishes any 

economic justification for the huge expenditures of the taxpayers on waterways. 
No Government function, on one hand, should assume that another Govern- 


_ ‘created a series of 49 pools, or lakes, averaging 20 miles in aa in periods of 
the current is almost negligible; | the sewage damped in the river 


> 
— 
a 
— 
% 
— 
— 
— 
‘or 
ay 
— 
a hee 
— 
: 
— 
— 
and 
rail 
ton, 
plus 
— 
4 
had 
sary 
on- 
orter : ¥ 
‘If the author had chosen to balance alleged benefits of this kind against 
— 


COVELL ON ECONOMICS OF RIVER IMPROVEMENT 


stench so bad in summer as to be noticeable, and even chemicals cannot dete 
: = bad taste of the city water at such periods; and, due to these virtually i 

io) _ stagnant pools, , all the large cities along the Ohio River must eventually install ; 
disposal plants at heavy cost. 
Ww. CovELL,® 1M. Am. Soc. C. E. (by letter).—An of the 
economies of the Ohio River improvement was presented by C. W. M. 
- Am. Soc. C. E. 3 in 1926, who covered the period from 1905 to 1925, inclusive, 
es is true that improvements have been made in the collection of commercial — 

statistics, which afford more complete respect to the movements of 


river commerce from origin to destination. n. H owever, intimate knowledge of “4 


"particularly with respect to the upper “aa of the Ohio River and its a 
commercial head-water, the Monongahela River, with their long history of 
_ heavy traffic, lead to the belief that the economic status of the Ohio River im- 
provement to the end of 1925, as accepted from General Kutz’s paper, is reason- 
ably adequate. Colonel Hall’s paper, therefore, makes available a complete _ 
although composite analysis of the economics of the Ohio River i improvement up y 
to and including the calendar year 1934.00 
The author’s economic analysis is predicated upon five basic assumptions, — 
_ which he lists and discusses in the section dealing with this feature. It is bee 
lieved that all the assumptions as made are tenable. own 
‘Under Assumption (1) it is considered that the entire reduction of costs in 
transportation of freight is eventually passed 0 on to the consumer. A particular 
function of the Ohio River improvement is that it broadens and intensifies com- 
petition with respect to industries, such as iron and steel, situated both on the | . 
water and inland, with a favorable effect upon the prices the public : must pay 
for the products of such industries. The general public also benefits directly in ee 
_ many other ways; for example, many electric utilities are situated on the river “h 
hd and receive their fuel supply via water. The cheaper cost of coal is reflectedin _ 
rates to the consumers of pollo tents 
> The river improvements have exerted a regulatory effect upon the rail-rate 
Structure for coal in the Ohio River Basin by inhibiting tendency: 
higher prices. In this manner the savings in effected by water 
= - are at least indirectly realized by the general public. General Kutz stated that — 
his investigation indicated that, in general, the rail-rate structure for coal and — 
_ steel movements in the Ohio River Basin did not discriminate between points 
having water competition and those without such competition. Nevertheless, 
4 certain exceptions were noted which are still applicable. — Short-haul rail rates 3 


~ on coal in the region at the head of the Ohio River where coal movements on the 
_ rivers are very large, appear to be considerably less in the valleys where there is 
* water competition than in the valleys without river rimprovements. = = i 
“Ya As indicated by the author in his discussion of Assumption (2), to present 4: 
rational analysis of the economics of the Ohio River improvement it is necessar, sary sad 


Lt.-Col., Corps of Engrs., U. 8. Army; Dist. Engr., U. S. Engr. Office, Pittsburgh, 


=“The Relation of the Ohio River and Its Tributaries to pp. 106 in 
United by C. Am. Soc. C. B., Vol. 89 pp 1106-112: 


« 
— 


ort to rail Tates as the | basis for by 
ve As long as the comparison is made completely from origin to destination _ 
(that is, not limited to line haul alone), the method serves the purpose ade- — 
¥ The following difficulties attending the river-rail comparison m may be cited: _ 
“For long hauls involving the Ohio River, the rail distance between origin and \ 
destination is usually shorter, as stated ed by General Kutz in his paper.  More- 7 
over, more than one rail line or system may afford the same | service, a matter 
= has a bearing upon capital investment in railroad facilities underlying the 
service. _ Undoubtedly, the revenue from the relatively high short-haul rail — 
4 rates goes in some part toward making up possible deficiencies in revenue from ; -/ 
long-haul rail service. The statement is also often made that a railroad system 7 
has no concern over the fact that7the rates for certain short hauls may be : 
f * practically the same as for much longer hauls, which may place certain areas sat 
>< competitive disadvantage with others. The average rail revenue per ton for _ b 
— the system is what counts. _ However, resort to average rail rates is manifestly — - 
mpeting transportation 
‘services for the derivation of the savings, since e only the rail rates applicable — 
_ Tepresent actual ‘ “out-of-pocket” costs to the shipper for the rail service between — 
The transportation savings ‘as determined do not include those resulting 
‘ee temporary or emergency freight rates which, during several recent years, — 7 
P. were appreciable. The Association of American Railroads has petitioned the | 
a Interstate Commerce Commission for a flat increase of 15% in rail freight rates — 
: throughout the United States. If this increase or any substantial part of it. 
_ should finally be granted, as seems possible at the present time, due to the 
financial straits of several of the railroad systems, a very material increase in 
mills per ton-mile will apply to the savings for th the future Ohio River commerce 
even if the cost of haul on the Ohio River were also to increase as ‘much as 15 — 
4 a” Assumptions (8) and (4) Colonel Hall deals with general ferry traffic oy : 
capital cost of the Ohio River improvement, respectively. The Ohio River, 
i: in the calendar year 1935, accounted for 1 160 639 tons of general ferry traffic; = 
in 1936, such traffic mounted to 1 309 405 tons. Canalization of the Ohio River | - 
has permitted this traffic to be handled more safely ar and expediently. Although 
itis difficult to place a value on these benefits, they are positive and constitute 
credit to the waterway improvement, which has not been included in the 


economic analysis. Iti is believed that there is no ) particular | point i in ‘attempting | 7 
» estimate and charge the waterway with the costs of the Federal ccd 


© 


Assumption (5) is as follows: “In benefits, no 
PRs has been made for taxes.” This means that although the rail —— 
4 ‘Sea taxes on the capital investment in railroad facilities, the Federal invest- 
“ment in in the Ohio River improvement is not subjected to an equivalent charge in 
- economic analysis. There is some room for difference of f opinion on this — 
basic is whether or not the Federal Government would 
ais, 
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have been further ahead had the o same — gone into > private investment on on a 


of the Ohio River type date not result in a of private 
investment of like amount. The improvement of the Ohio River has resulted ‘ 
through a , subsidy on the part of the Federal Government to the Ohio River _ 
¥ Valley which is rich in natural resources. The Federal Government, in its 
3 paternalistic attitude, has fostered the development of the Ohio Valley to me 
degree that the river improvement has become a national asset. Ev ery large ~ 
city in the country is located on a navigable waterway. It is believed that the 
return in taxes resulting from the development of the Ohio River Valley made + 
* possible by the improvement of the river far outweighs any possible loss in taxes aw 
occasioned by the Federal investment in the improvement of the river. oe 
_ There may be cited numerous indirect, practical benefits from the Ohio 7 
_ River improvement not mentioned by Colonel Hall, which are not susceptible to’ ee 
momma valuation. The improved Ohio River hes recreational features that 
are widely utilized. The navigation pools afford storage of water for industrial — ; 
and, in some cases, domestic water supply. Pumping heads have been reduced. 4 
fy ‘During periods « of e emergency, such as the World War, the v water-transportation — 
medium with its reserve capacity was extremely valuable to the countegs since 
the rail mediums were congested. 
By his assumptions, Colonel Hall has indicated clearly the basis of 
: ‘nomic analysis. — _ Whatever deficiencies obtain are of a minor nature only, and s i’ 


Colonel Hall the adequacy of the of transportation as 


ia haul costs of 2 and 3 min per - ton-mile for ania coal movements and OY : 
< - about 3 mills per ton-mile for steel movements. An indication of the adequacy é 
of these rates may be had fr from the following derivation of the cost of trans: s 
_ portation for a coal haul, say, say, from Point Pleasant, W. Va., at the mouth of the a 
Kanawha River, to the mouth of the Miami River below Cincinnati, Ohio. ne 
Annual of Coal-Towing Unit for Operation on the Ohio River (Tow = 10 


ae Interest @ 6% on $777 500.... 
_ Plant depreciation (20-yr life) 
Insurance marine, 23 27% average life value 
--Workmen’ 8 compensation insurance (2. 287% of 


$122 $122 545 
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Ving 


“Payroll (First Watch): 


Master, 12 months @ $350 man 
Chief Engineer, 12 months @ ae 


q 
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Deck Hands, 12 months @ $110 


= Payroll Wateh): 


"1800 


Sub-tota $28 


Assume 18 hr average use per day 365 days rs per. season: 
"96 18 X 365 = 630 720 gal 
gal per yr 


34 020 
4 oil 

ip supplies 

Fixed charges. 


» 


Total 
Overhead @ 5% sopra 

Total annual cost (rounded) . 790° 


COVELL ON ECONOMICS OF RIVER IMPROVEMENT .—l 

— 

i 

“| 

2700 

ct 
@ 
15 @ 80 ets per « 
y | Relief crews. . 
— 
i 

— 


_ 


COVELL ON ECONOMICS ¢ OF RIVER 


110 by 600 


Round- Trip Time, in Hours: 


Assembling and landing time (2 X 2 hr) 
Lockage time (24 locks at 30 min)... 


time, all causes, assumed at 35%....... 36 


= The following explanation is pertinent to the derivation of the cost of trans- 
r portation of wad on the Ohio River as presented i in the preceding data. The 
_ of the tow is assumed to be 10 10 barges. z However, the towboat is capable 
: .. of handling a tow of greater s size—up to 16 standard barges—w hich would re- ae | 
*Y - quire two lockings through each lock. Iti is assumed that all the traffic proceeds aE. 

+ through : all the twelve locks on the reach. a However, during a considerable part 

of the year ar there is sufficient op open-river ‘stage to permit the traffic to proceed past 

_ the locks through the navigable passes of the dams with the wickets in a lowered | 
 -position. © An exception will be the new Gallipolis Locks and Dam, which will — 
T replace Lock and Dam No. 26 below the mouth of the Kanawha River, and 


proceed through the An assumption of 35% of the normal ‘operation — 
7 time has been made for lost time to cover delays at locks and lost time due to at 
_ fog, wind, ice, high water, and all other causes. - This is probably conservative e 
steady ‘coal movements such as obtain for this general reach of the 


- of investment in floating plant. Depreciation is charged on a simple life a 
— than on a sinking- fund basis: with compound interest. It is believed — 
that, all refining factors in ‘actual practice, 


—— 
Cost of Transportation of Coal on Ohio Kwer from Mow River 4 
to Mouth of Miami River (Tow = 10 Standard 1 Ton 000 
= j Normal speed, in miles per hour................ 
— of locks in reach of river.............. 
Sine of locks, in feet............. 
Loekages required by tow per lock. 
 Lockage time, average for system, 1UUTS Per . .. 4 
h of river reach assigned to operation,each lock, = | 
Length of river r g 
— 
] ‘a Commerce per year, in toms............... "104 nnn 
— 
— 
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- pmill rate per ton- mile for coal haul is representative and as such affords an» 
adequate margin of profit for contract-carrier service. _ Representative costs of z 
"transportation by with differentials that are in 
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favor of f rail haul, afford an equitable basis of co comparing the cost of aman: . 
= via water with the parallel service by rail, from origin to destination. et i 
- The profit and loss account for the economic analysis of the Ohio River, as 
: made in the paper, is derived by subtracting the total annual commercial sav savings — _ i 


= the total annual charges. The following data for the Ohio River obtain — 4 
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— for the calendar y your 1034 (the year of got >. 


4 - portant part of the inland | waterways of the United States, but that its field of et 


4 q 


4 Charges, total, in dollars 10 058 293 
Profit on improvement, total, in dollars ha 2 300 707 
on total, in mills 
ton-mile. 
An average | haul of 96 on the year ‘the Ohio is 
equivalent to a parallel rail haul of about equal amount, at least in ‘the upper a. 
end of the Ohio Valley. © The corresponding average rail rate is about 15 mills ne 
_ per ton-mile for coal haul which takes a commodity rail rate. If the 15% flat 
increase in rail rates should finally come into effect, the increase would be 2.25 — 
‘mills per ton-mile on the basis of the average haul. It is improbable that water- 4 
haul costs on the Ohio River will increase materially. If an increase of 10%is 
assumed for water haul, the additional savings due to the full increase, if ets 


“plicable, i in the rail rates would be about 2 mills per ton-mile. oe - ae 


__ In 1905, the first calendar year of the period of analysis, the freight traffic on i 


: the Ohio River amounted to 12 773 000 tons, although at that time only two | 


locks and dams—No. 1 (Davi is Island) and No. 6 (Beaver)—and the Louisville 4 : 


and Portland Canal with its lock, were completed and in operation. Fig. a 
_ shows the growth of the Ohio River tonnage from 1905 to 1936, inclusive, to- 

- gether with the general classes of freight traffic (that is, coal and coke, sands and 
piece iron and steel, and all other freight). The impetus to the growth that is 
occurred i in the period, 1924 to 1926, ‘inclusive, is very marked. The steady 

_ growth from 1926 to 1930 was halted by the depression from which, however, the _ 

; 4 traffic climbed to a record of almost 24.4 million tons in 1936. «dt is apparent f 
that the Ohio River improvement, commercially, not only constitutes an im- ag 


usefulness for the transportation of basic commodities is steadily increasing. 
The Ohio River improvement is not the result of a passing fancy on the part of — 
the Federal Government; nor does it belong to a passing er era, The vision of the : 
early advocates of the improvensent has materialized. 

L. Hatu,®* M. Am. Soc. C. E. (by letter) —Assumption of the paper 
was soaaaie in the form of a rule to be adopted in the \ writer’s. accounting for the 

- Ohio River improvement. Thei inaccuracy of this rule was conceded, but it was 
presented as a condition that tended t to become true in time. Professor Grant — 
| mentions ¢ one situation in which the assumption would not be true in & free 
economy, and hence it does not tend to brome, true in time, namely, if = 


AS the Pitteburgh a producers 


‘not marginal, 


Col, Corps of Ss. 
Pont, Delaware. 


| 
Average haul, in m 
Savings, net, in mi 
— 
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Professor Grant also shows that the full difference between 
eee ee q Army, Commanding 1st Engrs., U. S. Army, Fort Du 
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re 


and water costs cannot be be clabined as a benefit if the traffic would not move by 2h Pe 


rail in the absence of water routes. This statement is correct; but it is moot 3 


because, except for a little river sand and gravel, all Ohio River traffic would — “10 


y were to disappear from the face 
id the earth—unless the economic level of the region were to fall. = aie 
siti In preparing the financial summary (Table 5) the writer assumed a balance 
at the end of 1904—with everything paid for at that time. In General Kutz’s cn 
official unpublished report™ he states that there is no doubt that the oie. 
- effected by the Ohio River during the period 1875-1904 greatly exceeded the 7 
o “expenditures. _ However, this assumption, although it may be entirely justified, — 
¢ gave an unduly rosy picture of the situation from 1905 to 1910. Incidentally, — 


a the cost of Ohio River improvement prior to 1905 is such a small share of the ry 


total expenditures that research into commerce before that date is unjustified. fy 4 


‘Tt may be added | that comparisons of benefits prior to » 1905, are ¢ of very slight a 


The main point discussed by Professor Grant raises a question that ‘leila a. 
far beyond the Ohio River. He declares that public works are socially u1 un- ie 
é profitable unless they give at least as great a return as the private investments | a 
é displaced by the diversion of taxpayers’ funds. In its literal form the principle ee 

is impossible of application because it would rule out, completely, structures as « 
ie: like the Lincoln Memorial. — _ What the statement would mean in practice is _ 


constructed unless they could produce revenues far greater than those accounted — ey 

for ‘by non-competing public works; that is, a lock and dam must show much 
greater benefits than a new post office. Professor Grant’s complaint nls 
profits during the period of regulation are not a proper charge against losses 
= after canalization was begun, has a certain measure of justification. — ae 
le establishes his case quite neatly in Table 7. However, the fact that there = 
a profits for 1930-1933, when most other activities in the United States were 
losing money, is itself proof of a rather wise investment. 
__‘The writer must dissent from the view that the life of a prospective public — i 
f investment should be calculated in commercial terms. Experimental com- | a 
‘mercial investments are only justified by large prospective profits. The 
Serna however, ¢: can afford to experiment (pr pioneer) on a public project 


with an undoubtedly long engineering life, subject to the hazards of a shorter | a a 


he economic life. . If the Government refuses to do this kind of experimenting, ory 
-Robody will. Will the country be better off if such pioneering enterprises are 


[ that public works competing with privately owned facilities should not be on A 


Lavis’ distinction between i internal and external waterways could 


benefits caused by the improversent of the St. Mary’s River, for instance, would 
never have been accomplished. If the distinction were not made absolutely ea 
rigid, it would be disowned any American within the 
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ae local benefits from channels to the ocean, obtained on streams oud asthe “ae 
‘Upper Hudson ‘River, wou would cause a subsidy to certain types of internal ws water- 


The believe that he has overlooked the a advantages 
tance of the usually sho shorter land route. In the preparation of f Table 4 the tad 
comparison was between terminals, and the benefits were developed on a basis ae 
) of ton-miles measured by water. The writer hoped that Table 6 would have _ 
¥ : In ‘Mr. Lavis’ discussion, as i in some others, there seems to be a feeling that ic 
oo the costs given in the paper are based on distances between main-line termini, $ 


“This is not true. The comparison was for rail rates between producer and + 


consumer on the one hand, and net costs plus profit to the competing : shipper aa 
(rail rates, water costs, and terminal charges) on the other. These values were 


reduced to ton-miles measured by water in order to give a unit by which typical 


4 


4 carrier complete credit for his shorter mileage. 3 
__Mr. Barrett’s opinion that there is no difference, in final result, between si 
7 ai benefits derived by producers and those derived by a | necessarily limited number ai 
a. of consumers has considerable logic behind it. Its seems probable, however, 
a that public funds will not be provided for waterway improvement unless it can 


studies could be applied generally; but the very methods used gave the all-rail “a 


_ not be distributed uniformly over the entire nation; but they must be open to ie 
4 all the people of the region affected, and not merely to stockholdets 4 of ‘great 
remarks of Colonel Daley and Mr. Byrns mueh appreciated. ‘The 
ae writer did not cover the general regional benefits that have accrued to upper a 
oe 4 river ports from the Ohio River improvement, because he could find no method — s 
of making a statistical comparison. The point that real new wealth has been ep 
produced by Ohio River development, however, i is a vital one, and should have a 
‘Messrs. Willoughby and Faucette attack the improvement of "the Ohio 
2 River on two general grounds, as follows: (1) That the improvement, in so far 
as it does permit cheaper shipment, merely diverts ts money from rail carriers ie 
eroeret carriers; and (2) that if the Federal costs were charged against the shipper i 
Bae there would be no cheaper shipment. If the net total of goods moved in the 
United States were constant: (that is, if the country v were static), the first com- hese 
would probably be valid. Along that line, every new ocean vessel 
(except a replacement for a scrapped one) would reduce the revenues of existing — 
ocean carriers. The nation has 8 always refused to make any such melancholy 
admission, however. It has always claimed that the reduction of distances it 
eS _ ‘money or time caused by technical improvements in means of transit has “a 
= total consumption, and total freight moved, by a far larger amount than 
the losses caused to pre-existing cargo carriers. . Beyond dispute this was the — 


effect of the substitution of railroads for in the ‘Middle 
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aterway costs are greater than rail os Messrs. Willoughby and 


‘tho by competing ¢ carriers. proof was based on certain carefully rated 

- assumptions, followed by an inv estigation of all the data that he could procure. 
_ The assumptions are those used in the study of proposed waterways for ee 
* years. . Perhaps more valid ones could be prepared, which would be concurred 
by those for authorizing public expenditures; but 


funds, it is ‘difficult to show that taxes an charge against the 
property. On the other hand, there is a degree of statistical error in 
comparing tax-free carriers with taxed ones. . Every one should welcome a rule i) 


to correct the rather unsatisfactory state in which the present situation leaves : 
the student of governmental enterprises, 


__. The discussers are wrong in believing that the Ohio River pools are not 
oa beneficial to sand-diggers. Sand is also more readily carried in pools of fixed 


a minimum depth. From his experience as a District Engineer, the writer can 


i assure them that the improvement does not prevent the formation of new bars. ; 

Allo Allowance has already been made for greater circuity of water routes. In 
the preparation of Table 4, as ; stated in replying to Mr. Lavis, the basic com- — 
_ parisons were between movements from origin to destination by different routes. | 


No question of relative lengths of haul entered into this matter until a final = 


as commercial benefit per ton-mile measured by water, so that all rail advantage — 
of shorter haul was already credited; for example, in the movement of steel pipe — 


from Youngstown, n, Ohio, to Memphis, Tenn., the shipper’ 8 is: 


_ Paved Rail rate to river terminal $0.3¢ 335 sit 


3 benefit per ton per route was determined. This benefit was ; then | distributed v. 


Line cost of river movement; he 
——-1:188 miles at 3 mills per ton- mile 3.56 


fe... 


ton-mile measured by water as the » only convenient method of generalization, — 
gives the railroad full credit for its shorter haul. 


to the criticism of Table 6, the journey , to 
9 ville, Ky., was selected because these two river cities are separated by a distance | 


- ab t the length of the average haul (119 miles). — _ The object of the table ; 
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a fifth, in which the writer excluded, for accounting purposes, any allowance for _— 

oi, | unpaidtaxes. The question of charging unpaid taxes as a constructive expense — 
nd = Government enterprises is a verv dificult one. Tf full interest and denrecia- _ 
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_ would have been more useful if data had been given for making the same =e 


parison over some other trip between r major river ports. 
Colonel Covell’s very interesting discussion presents a a highly valuable cost 
_ analysis of steamboat transportation. _ He shows that the values derived from 
confidential reports by the big river operators are inherently reasonable, and i 
he thus supports the general accuracy of the statement of savings (see Table 4), 3 
_ The writer has made no claim that the improvement is justified, wholly or in 
; part, by its regulatory effect on rail rates. Probably it is true, as Colonel Covell _ 
- states, that the existence of the improvement has inhibited a general increase in ie! 
coal rates; but it is believed that internal improvements constitute a rather 2 
expensive means of rate. regulation. In that. respect, the writer tends to agree ae 
with Messrs. Willoughby and Faucette. 
‘During the progress of this discussion the commercial data for the calendar 
— year 1937 have become available. ‘They g give a total commerce of 23 356 676 ee 
ton an increase of 25% over 1934; and of 2 671 926 225 ton-miles, an increase — 
of 50% over 1934. The average haul for 1937 was 114. 39 miles, ° Houod 
Undoubtedly, the discussions have clarified the points upon which | differ. 
ences as to matters of principle are held. There is no certainty as to what 
profits to the public should be required Prete public works competing with ‘ 


privately owned one ones. There is no certainty as to whether taxes not paid by ie 


purposes of comparing accounts. s There is no certainty as to the minimum 
distribution of private advantages, secured from public works, required to 
establish such as public benefits. These questions, of course, are 


to say the final decision aneews apply to al = 


project, which would bring out all disputes on principle, Gerpertm to 
technical literature pertaining to the Ohio ‘His to have been 


_ the Government should nevertheless be arbitrarily added to public costs 4 : 
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Witson, Harotp K. Patmer, F. Knapp, Weston Gavetr, AND ELLwoop 


Some of the problems commonly experienced in the design of the trans- 
Spoon and distribution | elements of a water system are solved in this paper a a 
Which presents a rational method involving : an expansion of the graphical | 7 q 


i ‘solution? first suggested by the late John R. Freeman, Past-President and Hon. © 
MA Am. Soc. C. E. A brief summary is given of the many variable and, from t= 
+ Ve 8 , practical standpoint, sometimes es indeterminate, factors that must be con- __ 
| _sidered in assembling the data upon which the design must be based. General . 4 
; ms are presented giving the solution of the more common problems en- 
‘countered in design, with an illustration of the use of several of these general ; . = 
in the solution of a typical Gesign ai, 


2 The — of the t transmission and distribution facilities of a water system 
Presents a complex and absorbing problem for one engaged i in such a task. A - 


= and that they materially influence the cost, as well as the adequacy of = 


service, the reason becomes apparent why all the knowledge that is available 
be utilized to secure an efficient design. ov ed 


_ tystem of any magnitude i is not often presented to an engineer. . His v work is 
usually concerned with providing extensions and reinforcements to existing — 


Norg.—Published in October, 1937, Proceedings, awoa ; 
= Associated with Reeves Newsom, Cons. Engr., New York, N.Y. 
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It is of primary importance for him, therefore, to determine the 


operating functions of the existing system as the basis for a determination of — a BS 
necessity for, and the extent of, the most effective reinforcements. 


7 


Satisfactory service requires that a sufficient quantity of water te 
Bye arin to all parts of the system at pressures adequate for the requirements a 


1s patio reserves 3 must be available i in n the form of pumping, transmission, and 

distribution capacity, often by storage, to meet all reasonable 
_ The more important basic data required by the designer before undertaking a 
the solution of the hydraulics of a problem are: (a) The pressure and flow ~ ae 
quirements under the varying rates to be expected i in the respective parts of the = 
system; (b) the topography of the service areas; (c) | the pt pumping arrangements fe 
and pump characteristics in other than gravity systems; (d) the location, 
quantity, and elevation of storage; and (e) the condition of the pipe system in Aha 
so far as the carrying capacities of its many elements are concerned. — att Se = 


aon illiams-Hazen Formula. —Many formulas have been developed to present i 
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become more used than a any ine for waters -w conditions x 
_ of the ease of its application with the aid of tables,’ or by the use of a special — 
slide-rule. It gives acceptable results provided the coefficient is carefully 


. in which V = velocity of flow, in feet per second; C = coefficient, dependent eek 

the interior conditions of the pipe (sometimes called the coefficient of rough- <i 

C ness); R = the hydraulic radius or the area of the pipe meter by the wetted Pi ae 


perimeter, in feet; and, S = the slope of the hydraulic gradient or the head Fine 


loss, in feet per thousand feet. . In a closed p pipe of constant diameter, with 
flow under becomes constant, so that, 


In other words the velocity, and, therefore, the quantity flowing in a given | 
size of pipe, varies directly as the coefficient, C, and as the 0.54 power of the 


several fundamental relations result: With C constant, V varies 


s or varies as ; with V constant, S varies as or C varies a8 
and, with S constant, V varies directly as C. 
In using the flow tables based upon this formula, which were compiled by = 
4 the late Gardner rS. W Williams and Allen Hazen, Members, Am. Soc. C. E.,? it is an 
4 “necessary to have s some convenient means of interpolating between the s standard ss 

- flows, sizes of pipe, losses of head, and coefficients set forth therein. By plotting 
a the standard flows as determined from the Williams-Hazen tables, or by slide- Bi 
ie d tule, o on logarithmic scale, and, similarly, by plotting S against S°*-™ and aan 

as shown i in 2 , the interpolation and conversion of the varying factors ae i 
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possible to make 


_ General.—Specific problems usually involve as a first step the simplification —__ 
_ of intricate arrangements of many pipe lines and their combination into one or = 


1000 


of Flow. in Millions of Gallons per Day; also Values of S 

series; (III) ‘‘take-outs” and “‘put-ins”; (IV) compound storage; (V) pipe 
Be. 7 ? connected in parallel with intermediate cross-connections; and, (VI) pipe con- z 
2) | _ It is not the intent to imply that a graphical solution of the simpler com- 
Ge _ binations must be resorted to; neither is it always possible or necessary to take — 


f the time, or to make the effort, to achieve an accurate combination of many — 

a lines. Most combinations can be made by slide-rule computations _ 
without graphical help, but in certain cases much better progress can be made _ 

ty using a graphical solution than is possible by trial and error, or by mathe- 

_ matical methods, and familiarity with the graphical representations of the ~ 

_ simpler combinations is a prerequisite to an easy solution of the more complex — 


_ The term, “‘hydraulic grade,” is used in this paper to denote the piezometric 7 
I Pressure in the pipe or conduit at the point in question. Although in most of — 

3 the cases discussed herein the coefficient has been a 


‘It is also apparent 


TRANSMISSION PROBLEMS OF A WATER SYSTEM. 1581 
formula are facilitated. With this formula as a base, it is a 
all computations by the use of — 
i i inati ] cases 
s more equivalent lines. In making these combinations, several general cases 
| 
— 
— 
| 
| 
is 
— 
permit the use of Fig. 1 without further computation, the special slide-rule | 
permits solutions using actual coefficients with equal ease. 


PROBLEMS or A WATER SYSTEM 

the graphical method described herein is other 
the results of flow of water in pipes. eu 
_ Case I.—Pipe Connected in Series.—Fig. 2 is a graphical representation of 


head loss oe a given flow is a summation of the loss of head i in each section for 
; that flow. With abscissas representing the rate of flow and ordinates the loss of ee 
head under those rates of flow, curves are constructed for each section of pipe, “8 e| 
The total loss of head for several p pipe lines connected in series consists of » a 
Fo addition of ordinates of each section for each rate of flow. ae = ee 


¢ 


0 


h Case I PaRatteL; Case II 


of the loss of head under varying rates of flow through three 
— eeetions of pipe, one of the sections consisting of two pipes connected in parallel. ie 
‘The graphical combination of pipe connected in parallel i is effected by adding ie 


shee 1G, 2.—Pire Connecrep | SERIES; ‘Fis. 3 3.—Pr IPE SERIES AND 


4 


given section consisting of several pipes connected in parallel is the same in ba 
each pipe and the total flow i in the section is the sum of the flows in each pipe. Ce 
Having determined the equivalent | pipe curve for the section of p pipes s connected 


the abscissas of each } pipe at each loss of head, since the loss of head through & 23 | 
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ae 7 TRANSMISSION ‘PROBLEMS OF A WATER SYSTEM 

in parallel, the three sections of | pipe connected i in series are combined a 

re Cases I and II are simple combinations of pipe easily solved with the aid of _ 


the hydraulic slide-rule. However, the graphical combination of such pipe | 
arrangements greatly facilitates solutions in more complex combinations, _ 
involving consumption at points along the line, the introduction of water from 
storage or from other sources, and those combinations of pipe for which several 
factors are dependent uponeach other, = 
‘The graphical solution of these more complex systems requires the moving of 
the quantity-head loss curves to. represent the effect of variation in n elevation — 
of storage, the putting in or taking out of quantities of water, and the flow and — 
“pressure | characteristics of centrifugal pumps. These solutions are facilitated 
by a graphical representation of the quantity- -head loss relation which can be 
Buh moved easily to represent the variations in conditions. Convenient trans- — . * 
ny parent 1 media for such graphs are prepared in the form of small rectangles about | iL. 
4 in. by 6 in. in size, cut from thin celluloid , processed or coated on one side to 
aid the drawing of the quantity-head loss curves and their removal when no 
longer ‘required. Careful trimming of the edges aids accurate placing in the 
proper position. 7 They are sufficiently rigid to lie flat and stay in place, and — 
} their transparency renders possible | the use of several cards superimposed one 
upon silt oi guided wo two lo alleges hk 
Case ITI Take-Out” a nd be Put-Ins. 4(a) is a graphical repre- 
- sentation showing the taking out or putting in of a certain quantity of water a 
_ from, or into, one of two mains connected in parallel . The quantity-headloss = 
_— CUVE, AEC, representing the fow i in Main A E C, is drawn upon the right 7 = 
ofthe Y-axis as shown. With no “take-out”’ or ‘‘put-in” at Point B, Curves 
i AB and BC, representing the flow conditions in Mains A B and BC, are 
_ drawn upon the left of the Y-axis and combined as in any two pipes connected i: 
_ inseries, as illustrated in Case I. A rate of flow of 8 mgd at Point C resultsin 
loss of head of 59.8 ft, 4. 4.3 mgd flowing through Main A BC and 7 mgd 
op ith a “take-out” at the rate of 4 mgd at Point B, Curve A Bis moved to aig 
the right a distance equivalent to 4 mgd on the X-axis, as shown in Curve — 
4 B", before combination with Curve BC to form the curve, ABCT. In 
‘ ‘atending Curve A B CT to the right of the Y-axis, flow in Pipe B C reverses - 
] in direction, causing Curve B C to assume the position, B C’, which is used in 
combining the two curves for flows i in Mains A Band BC. With a flow from 
if Point C at the rate of 8 mgd and a “take-out” of 4 mgd at Point B, the loss of 
_ head from Points A to C is 84. 5 ft, 4. 5 mgd flowing through Main A EC, 7.5 
mgd through Main A B, and 3.5 mgd through Main BC. By following 
up from the of t this quantity with Curve A B C7? to the 
ms intersection with Curve A B” the loss of head in Main A B is found to be 58. 5 ft. 
_ The intersection of Curve A B C7 with the Y-axis gives 
“th system at which reversal of flow in the main, B C, occurs. With any flow 
_ at Point C less than is given for this loss of head, the flow through Main A EC -_ 
a the quantity taken out at Point C and the remainder flows toward _ 
Point B to satisfy the “take-out” there. In other — the scaled rate of 
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flow between ‘Curves A 1B CT and AEC represents the draft at Point 
_ that between A B C7 and the Y-axis represents the flow back from Point ¢ oo 
Point B and the total flow through Main A E C is the sum of the two, or the 
, sealed distance from Curve A E C to the Y-axis. The ordinate of the rte 
; section of Curves A B C7 and A EC Measures: the loss of head from Points / . 
+a to C, 6.5 ft, at which there can be no flow out of Point C if the “take-out” of — 2 
ne (ae ' med i is assumed to be put into the system at Point B, Curve AB on 
4 be moved to the left of the Y-axis, opposite to its position for a a “take-out”, — 
ol as Curve A B’, before combining with Curve BC to form Curve A BCP. 
With an 8-mgd rate of flow at Point C and a “put-in” of 4 mgd at Point : 
the loss from Points A to C is 47.3 ft, causing a flow through Main AEC 
4 of 3.3 mgd, through Main A B of 0.7 mgd, and through Main B C of 4.7 mgd. F 
“\3 Following vertically up from the intersection of this total rate of flow fet 
Curve A BC? to Curve A B’, the loss of head in Main A B is 1.2 ft and, 
=. similarly, in Main BC the loss i is 46.1 ft. From these curves, the quantity- : 
~ « head loss relations in all pipes are established for flows at Point C under the 
three conditions assumed at Point B, namely, no “take-out” or pve in 
a “take-out” of 4 mgd, and a “put-in” of 4 mgd. 
Another use of the curves in Fig. 4(a) can be mate for reservoirs at Points : 
A and C, capable of putting out or taking in the quantities of water required to ii 
balance the system without appreciable changes in elevations. A “take-out” — 
of 4 mgd at Point B, when the elevation of Reservoir C is 30 ft below Reservoir x 
A, causes @ flow at the rate of 5 mgd from Points A to B, 1 mgd from Points 
 Bto C, and 2.58 mgd through Main A E C, or a total of 7.58 mgd flowing out 
of Reservoir A and 3.58 med flowing into Reservoir C. The hydraulic grade = 
Pe Reservoir C, of course, is 30 ft below that at Reservoir A, and at Point B~ 
it is 27.5 ft below that at Point A, and 2.5 ft above that at Point C. nae a “ete 3 
If Reservoir C is 20 ft above Reservoir A, under a similar “take-out” - aa 
Point B, there i is flow from Point to Point A Main A E of 2. 08 


- 


od o- to B, ora total flow of 5.18 mgd leaving Reservoir C pos of 1.18 mgd entering ime 
Reservoir A. The hydraulic grades are determined similarly as described. 
ay With a 4-mgd “put-in” at Point B and the elevation of Reservoir C 10 ft 
below Reservoir A, a flow of 1.43 mgd is caused from Point A to Point Cin 


_ Main A E C, 1.6 mgd from Point B to Point A, and 2.4 mgd from Point B to ie 


Point C, or 3.83 mgd flowing into Reservoir C and 0.17 mgd into Reservoir oe 
_ With a similar “put-in” at Point B, and Reservoir C 30 ft above Reservoir — 
A, , the resulting flow from Point C to Point A in Main A EC is 2.58 mgd, 
from Points B to A, 5 mgd, and from Points C to B, 1 mgd, or 7 7.58 mgd flowing o 
Reservoir A and 3.58 mgd flowing out of Reservoir C. 
IV.—Compound Storage.—Fig. 4(b) is a graphical solution of the losses 
of head under varying rates: of flow from a system of supply or distributing ¥ 
"reservoirs. _ With three reservoirs as shown, two of the reservoirs and their — 
_ transmission mains are first combined into one source. Points A and B repre: 
sent two supply reservoirs or intakes not subject to appreciable variations in 
levels, one 1 situated at Elevation 700, and the other at Elevation 675. In alll rs 
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SOMPOUND STORAGE; CASE IV 7 


oe , the ordinates represent hydraulic grades: and, as in in the preceding cases, 
abscissas represent: rates of flow. The curve representing the quantity. 
_ hydraulic grade relationship in Line A C is drawn, as shown, with zero flow at 
- Elevation 700. a The curve for Main B Ci is ‘drawn on the opposite side of the 
Y-axis with zero flow at Elevation 675. x The hydraulic grade at Point C under — 
various rates of flow, and the flows from each reservoir, are determined by 
scaling the distance for the desired flow between the two. curves. The 
a from each curve to the Y-axis represent the flows from the respective 
__ reservoirs, and the location of the point of scaling on the Y-axis, the hydraulic 
— grade at Point C. If the draft at Point Ci is 6 mgd, 3.7 mgd is coming al 
‘Soe A, 2.3 med from Reservoir B, ‘and the hydraulic grade at Point Cc 5 
is at Elevation 660.5. > If the draft at Point C is less than 2.9 mgd, the entire q 
quantity comes from Reservoir A since the hydraulic grade at Point C “e 
above the elevation of B, tending to produce a flow into Reservoir 
rf _ To determine the loss of | head from these two reservoirs at Point D, Curves : 
A B and B C are first combined, as illustrated for pipes connected i in ‘parallel, — ; 
and to this combination is added Curve C D as illustrated for pipes connected in J 
series. _ The resulting curve, A BC D, then gives the relationship between — ‘i 
7 drafts and hydraulic grades at Point D and drafts from the combined Reservoirs: * 


and B. Curves A C D and BC D give the conditions existing when Reser- 
voir B and Reservoir A, respectively, areshutoff§ 
oe On the other side of the Y-axis is drawn the quantity-hydraulic grade curve” ‘3 
for the distribution reservoir at Point E, with water surface at Elevation 660. 
If the water elevation of this reservoir varies considerably, as it would in "9 
4 stand-pipe, or elevated tank, the curve for Line DE is moved downward or : 
upward on the Y-axis to satisfy these conditions. Ww ith the elevation at 
Point E constant, a draft of 8 mgd at Point D, and with all reservoirs in service, d 
a the hydraulic grade at Point D is 635, with a flow of 3. 1 mgd from Point i: 
4 and 4.9 mgd from Points A and B. | ‘It ean further be determined, by scaling — : 


q hy draulic at Point D is 623, with 3.7 mgd coming from ‘Point E, 
: a’ 3 mgd from Point A. Atenas, with Reservoir A out of service, the hy- — 
draulic grade at Point D becomes 616, with 4.15 mgd coming Point 
and 3.85 mgd from Point B. 
Hy aan Assuming that the draft at Point D is only 1 mgd with both walt in 
7 service, the hydraulic grade at this point is above that at Point. E, and there isa 


- c flow to the distribution reservoir. _ In such a case the flow from Point A “a 
Point B is 2.7 mgd, but 1.7 mgd goes to Point EZ, 1 mgd is taken off at Point D, 
and the hy draulic grade at Point D i is | 667. As shown in Fig. curve» 
for Main DE is reversed about the "axis for elevations above 660. 
tabi It is often necessary to determine the effect of a sustained but ‘variable 
. 4 draft of a maximum day upon a distribution reservoir such as that at Point B. 
3 This is capable of determination from the curves. ‘By setting up the hourly — 
ft rates, a table can be compiled giving the drafts from ¢ or to v7 — 
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the hy draulic gra 
the storage | in any of the reservoirs varies i in by any 


to gallons, and from the diameter of the tank, converting this to drop in water _ 
 dlevation, in feet. During the next hour the curve must be moved down by a 


the quantity of the drop. This will result in less water being drawn from the 
tank or the stand-pipe. This approximation can be continued, hour by hour, ia 
until, the peak loads past, or the lowering level in the tank (or more generally 7 
 geombination of the two), the hydraulic grades produce a fic flow toward th the tank | 
and it begins to fill. In this manner curves can be drawn for almost any condi- 
- tion, giving the draft and hydraulic grade at a certain point, the flow from or to 
" a stand-pipe or tank, the flows from the sources of supply, and the hydraulic © 
grade, or its equivalent, the elevation of water in the tank. (1) 289 
V.—Pipes Connected in Parallel with Intermediate Cross-Connections— 
Fig. 5(a) represents the flow conditions and losses of head through two pipes 
connected in parallel with an intermediate eross-connection (see Fig. 5(b)). 
is The arrangement of the pipes and the construction of the individual nn i 
_ head loss curves are self- explanatory . In all examples involving cross-con- 
es —— pipe, the cross-connection is in effect a “take-out” of one pipe and a 
“put-in” to another of an unknown quantity, dependent upon the carrying 
Mn Since the hydraulic grades at the junction of Pipes (1) and (2) are the same, 
i for these pipes are drawn, as shown, on each side of the Y-axis. Itis 
Ee unnecessary { to have a ciate flow through the system in order to convert it in 
ey 


produces a flow of 4,22 mgd through Pipe (2). The remaining 


: points the hydraulic grades are the same in each pipe, and the quantity flowing 7 
4 to and from each junction is in balance. Usually, by inspection, it is possible — 
Be to determine the direction of flow in interior pipes, and curves for these pipes x 

can be laid off, either to the right or to the left, with zero flow at the assumed 


¢ pipe, it is evident that flow in Pipe (3) is from Point C to Point B, that a a 

J of the flow i in Pipe (2) is taken out at the cross-connection, leaving a smaller a 
quantity to flow through Pipe (4). . This “take-out” becomes a “putin” at | 

the other end of the cross-connection and is added to the flow in Pipe @ to 7 

produce the flow in Pipe | (5). iW bs betes 


are hi, hs, hs, hs, Q1, Qs, Qu, and Qs. It is known, however, that at all junction | 5 a 


hourly. basis by converting the quantity drawn from a stand-pipe or tank 


head loss to the junction in question. In this case, from the lengths and sizes te; a y 


ives Curves (4) and (5) are traced on a movable card from Curves (4)’ and (5)’, © al - 


which are set up anywhere. It is known that the losses of head to the ends of 
_ Pipes (4) and (5) are the same; therefore, they are drawn together asshownin 
& 5(a). From inspection, it is seen that Curve (4) must intersect Curve (2) __ 
at Point a, at the same loss of head as the beginning of Curve (3). Similarly, a 
* Curve (5) must intersect Curve (dy) at Point b. T he cand on which Curves (4) 
( 5) are e drawn mus urve (4) intersects 
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urve at a, Curve (1) (1) in Point. b, the 
or Curves (4) and (5) must intersect Curve (3) at a point, c, with the same = 
of head and, therefore, in the same horizontal plane in Fig. 5(a), as Point b, 


q ‘ot In Fig. 5(6) is shown a further step of the preceding problem with an addi- 

a rs ‘tional interior connecting pipe. Similar procedure is adopted for its solution, _ ES 
_ Curves (1) 3 and (2) are drawn as before and a loss of head of 30 ft is assumed — 

. jin Pipe (2) giving a flow of 4.2 mgd. Since Pipes (3) and (4) begin at the came 


= hydraulic grade, Pipes (5) and (6) and Pipes (7) and (8) end at the same grade, 
a 4 these sets of curves are drawn together, and there are three cards 7“ vs ad- 5 
Curves (3) and must start with the loss of head that oc occurs in Pipe 


must be adjusted so that the respective Points a k, are as. 
shown. Curve (3) can be drawn the same as in the previous example, but i) 
ic. here it is as convenient to combine it with Curve (4) on the same movable card. — 
There are many ways to arrange the curves for quantity-head loss. In 
- illustrations curves concave downward indicate flow away from the inlet, and a3 
curves concave upward indicate flow toward the outlet « or flows from, or to, a 
_ = apices of the curves. The interior curves may be considered either way a 
long as the fundamental relationships hold. = = = 
In these examples, the loss of head must be the same by any route connect- zt 
ing two points; and the quantity flowing through any straight section cut 
entirely through the system, must be the same, due regard being given to the es 


' direction of flow. The total head loss in the last °y nonyexe pipes is 103.9 ft 


 for's a flow of 8 waa. An equivalent pipe would be computed ; as follows! 3 = 


4.280 ft of 16-in. pipe, C= 100. af it woh 
ak the last illustration it is interesting to determine how much the cross 2 
a connecting pipes reduce the total loss of head. With two 16-in. pipes connected — > 
in parallel, one 20 000 ft, and the other 13 000 ft, long, eliminating the cross- b 
° connecting pipes, the equivalent pipe is 4400 ft of 16-in. pipe, C= = 100. 
~The head loss is 24.3 X 4.4 = 106.9 ft, or the saving in head is only 3 ft. 
The conclusion is that pipes connecting points of approximately equal pressure 


are of little value in reducing the friction loss. As these pipes approach & 


_ parallel connection with the main pipes or connect points of greater pressure 
- difference, their vs value in reducing | losses « or increasing flows becomes on 
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pe Connected in Parallel — 


ith Two Intermediate Cross-Connections 
Rate of Flow, in Millions of Gallons per D 


Case V; Pi 


wil 


Case V; Pipe Connected in Paraliel 
One Intermediate Cross-Connection 
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‘TRANSMISSION PROBLEMS or A WATER 

flow conditions in a of several pipes with 
bh both ways, such as exist in a grid system. _ A similar adjustment of curves. is. wa 
In this case, Curves (1) and (2) are as before, a quantity of 15 
med i is assumed through Line (2), giving a loss of head of 36. 36.6 ft. _ Curves (3), as 

: and (10), (4) and (5), (6) and (9), and (7) and (8) are drawn together c on movable 

cards as shown i in Fig. these four sets of curves to obtain 


oss of Head, in Feet 


proper the head ‘and flowi ing in the various pipes 


can be determined. | Curves (3) and (10) start at the same ordinate as theend 
of Curve (2) and, similarly, the ends of Curves s (3) and (4) and the beginning of = 
We Curves (6) and (9); the ends of Curves (9) and (10) and the beginning of Curve ® 
(8); the ends of Curves (5) and (6) and the e beginning of Curve (7); and, finally, — + 
4 the ends of Curves (7) and (8) are all in . the same horizontal planes, ‘respectively. 
Points a to m are then the determining intersections, and, once found, the 
4 uantity-head loss relations of the system are determined. ? Nip ae 
_ The general cases illustrated herein n represent o: only a few of the simplest 
combinations of problems encountered in water-works systems that are 
a able to graphical solutions. _ These various general cases are frequently found = 
in combinations. For instance, in Cases V and VI, complications. are intro- 
duced if water is put in or taken out at intermediate points in the systems c 
‘illustrated. _ Such complications, however, still yield to graphical solutions. 
The scope of this paper limits" consideration to the treatment of the more 


SOLUTION OF A CasE 


‘Fig. 7isa sketch of the transmission elements of a system‘ in which it 
- desired to determine the loss of head from Points A to X, resulting from a fire Be 
a flow of 1 500 gal per min at Point > _ From a graphical standpoint the problem — 5 


Simplified Analysis of Flow in Mere Distribution Systems,” by J. J. Doland, M. Am. , Sos. Cc. B 7 


ing News-Record, Vol. 117 475, Fig. 1, tober 1, 1936. 
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an intermediate cross-connection. 
ae To use the graphical method, it is necessary to have definite flows through oS 
- the system, which may be determined, however, upon a percentage basis. _ 
Since the use of the hydraulic slide-rule simplifies the computations if flows a1 are es 
. expressed i in terms of million gal 

e fire flow of 1 500 gal per min, which fofmp 45% of the total, becomes 2. 16 
mgd of a total of 4.8 med. The various ‘‘take-outs” at points along the mains 


* are shown in Fig. 7 in on which are converted to million gallons per | 


Vid 


tw 4100" 


5% =2 16 MGD 


° 


a 


2000" 1500" 71600°G 2500" 
Fic. 7.—Typrcau Case II, Frre Frow System at Porst X 
Three of mains are ‘necessary to obtain two parallel pipes 


with an intermediate cross-connection similar to Case V. _ These are the mains — 
between Points D J,LO,andOR. Between Points D and J there is a system 


s y ‘consisting of two mains connected i in parallel, Lines D E Gand DF G, followed — 


_ inseries by Mains G H I J, with intermediate “take-outs.” The simplification 
a these mains reduces the system, D J, to two mains connected in parallel, 1 
pee requires the application of Case II to determine the losses of head from 
Points D to J under varying rates of flow. 
a it Since the flow in any section of the main system will be unknown until the 
- final solution, the computations and graphs must provide for & range of flows 
-‘suficent to include the various possibilities, with provision for agin 
-“take-outs.’ ” Table 1(a) and Fig. 8(a) represent the computations and — 
graphical analyses to determine the head-capacity relationship of the mains 
between Points D and J. The compound mains between Points L and QO 
are similar to Case V with an intermediate “ “take-out,” and the head-capacity 
_Mationship is determined as The and 


mains between Points O and R, two mains in with inter- 
mediate “take-outs,” are solved as given in Table Fig. 8(6). 
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Total, LtoOt 0.528||| —0.4724| — 1.4 | 0.0284 0.6 
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‘a | 3 | | | 0408] -42 | 
20*| 0.96* = 0.04} 
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Point O = 2.028 mgd. B 
= F onding rate of flow at at Pomt 
Points 0 Rate of flow at Point 0. mgd and the loss of 
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t Point J = 2.46 med. of flow at Point J = 2. 96 “Take-outs"” from 
ponding rate of flow at PointO = 2.528mgd. °*‘Take-outs’ from PointsRtoS. 4 Therate 


= rate of at R = 1.5 mgd. Corresponding rate_of, flow at 
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Having simplified the main, AB... the final and graph 


be determined . Table 2 2 presents th the upon which the curves 
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Fic. 8.—Grarus To Loss or Heap To Fire Frow at Port X 


losses of head i in the various main elements of the system will be as anil in 
’ Table 3. In n explanation: of the method of taking care of “take- -outs,” and to 
4 allow for the additional quantities through Lines A W and A S required “7 


(TABLE 3 AND Losses or HEAD In MaIN ELEMENTS 


= 


Description Total | aw | as | ws | wx | 
— - 
Quantity, in million gallons daily........| 2.16 | 2.48 021 | 118 | 125 25 
Toss of Tread, 101.0 | 26.5 5 | 155 


1 

| ss mgd at Point X, the loss of head is found to be 116.5 ft, and the quantities and | 
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— 
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PROBLEMS OF FA WATER SYSTEM 
"subsequent “take-outs, ” the curve for Line A Wi is moved to the right a dtinne 
per to 1% of 4.8, or 0.048 mgd, and the curve for Line A S is moved to the 
deft a distance equal to 10%, or 0.48 mgd, as shown in the dashed lines on Fig. 10. 
ea The foregoing solution secures only one practical result—the loss of head in ‘ 
the system, under certain consumption requirements, with a definite fire flow ot 


in Feet 


He 


oss of Head, | 


8 


ie Point C. It is true that from this solution other flow and head losses can be 
“ computed by the S?- ‘“relationship, but in this conversion the intermediate 

 “take-outs”’ vary in the same ratio, a condition that occurs rarely in practical | 

z studies. ‘The consumption in a system bears no relationship to fire flows, or to 
- other extraordinary requirements. To secure the loss of head under any ha 


é fire _ with the same "take-out, ” or the loss of head with the : same fire ow 


oad 


= 
im 
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TRANSMISSION: PROBLEMS OF A WATER SYSTEM 


it is possible to construct a curve that will allow various flows to be taken + 
4 through t the system and the determination of losses of head without changing 


the quantities By obtaining various values of and corre- 


Loss of Head, in Feet stay 


8 


Rate of Flow i in Millions of per 


TO Loss oF oF Heap IN AX Dvuz ro Fire aT Poor. 


‘nen a practical viewpoint and to permit solutions for p purposes 208 other than 


of pressures at Point ¥. or at any point, under various 1s daily o or r hourly drafts, to 
_ calculate the heads under which pumps must operate, or to examine into the 
ney a required capacity and height of storage), a slightly different analysis is of more 
at = _ For instance, let it be assumed that the rates of draft for ordinary 
_ domestic and industrial consumption vary from 1.5 to 3.0 mgd. If aseriesof 
capacity-head curves representing the loss of head under rates of 1.5, 2. 0, 2.5, 
and 3.0 mgd are constructed, then, by interpolation, the loss of head under any 
flow and under varying rates of draft in the system can be secured directly. .__ 
xe oy, do this, four curves are constructed,  Tepresenting | losses of head through 


the system under rates” of 1.5, 2.0, 2.5, and 3.0 mgd. In the 
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‘take-oute” are ene shown in Table 4, the normal 
= in the system from any extraordinary demands at Point X. ie = 


_ TABLE 4, 4—Rev ISION, in or TAKE- Ours” 


ite? 


“Taxez-Ovrt,” out” | ““Taxs-Oot,” out” | “Taxe-Oct,” 


PERCENTAGES (see PERCENTAGES % id (see | PERCENTAGES 
Point Fig. 7), rig 7), 

Theo- | Value a cent- | Theo- 

retical | used | retical 


(2) 


‘Hig. 11 shows the head-capacity curves of of the main lines which form the 
— for the 2.5-mgd rate curve of Fig. 12. The latter shows four curves : 

whieh ‘give the head- -capacity relationship for any flow from Point X under 
rates of 1.5, 2.0, 2.5, and 3.0 “mgd, ‘distributed through the e system on the ae . 
percentages shown in Table 4. By scaling the distances between the curves __ 

the losses of for a flow of 2.0 mgd from Point X are de- 


in million gallons ossofhead, = 


It is interesting to note in Fig. 12 that iby scaling : a disthnoe/e on ry rate 
* curve equal to the same percentage of the total, & curve is constructed that may — 
be termed a percentage curve, which can be | extended, by the S°- “relationship, ie 
¥ to any value. For instance, in the typical example, Fig. 7, the normal con- 
_ sumption in the system is 2. 64 mgd. The extraordinary fire demand of 2.16 Ca 
a mgd is 81.7% of the normal consumption. 4 Therefore, if a point is determined | 


Upon each rate curve equal to 7% of the normal a percentage 


the poidit, Q = = 2. 16 m gd, H = 116, 5 ft, and an interpolated 2 2 .64-mgd rate 
-curve—the same solution as previously determined. 

ee At their intersection with the Y-axis, these curves also show the loss of head 

* in the system with no ow at Point X. Abscissas to the left of the Y-axis, 


Ec represent “put-ins” which are required at Point X to satisfy the 4 
requirements of draft i in the eye, Furthermore, with the extension of these 
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‘TRANSMISSION PROBLEMS OF A WATER | SYSTEM 


and m maintain Points re X at the same kyirbulie grade; that is, with we 
loss of head between the two points. 


¥ i ‘From Fig. 12, it is possible to study the effect of storage at, or coming into, 
ie -thesystem at Point X. For instance, if a curve is drawn on the left of the Y-axis 
to represent the loss of head in a main bringing water from storage, the hy- are 
— draulic grades at Point X and at storage, and the flows from each source, can 
be obtained directly under varying rates of draft i in the system. If the storage — 5 is 
is variable in elevation, this curve will move, as required, up or down the Y-axis Vi, 
ring the time interval being studied. In this manner the size and elevation — 
best suited for the requirements can be determined. 3. Dae, ov 
at Having determined the losses of head i in, and the quantities flowing | through, % “a ES 
the various elements, it is a simple matter to check back ae the lines to ie 
determine» the a grades at t other ‘points and to prep 


The 


graphical adisllyais of some of the common hydraulic problems any 

in the design ‘of the transmission and distribution elements of a water plant — ‘ 
_Tepresents an “approach to the solution of problems which, by their nature, 

 gontain so many variable factors as to cause most designers to hazard iGO) ag 


the results which they hope to obtain, premises 


be at wide variance with actual facts. LR 


In spite of the great sums of money invested i in these facilities, no oe : 


Hy ;. of a water system | receives less attention in design than the transmission and 


of the data upon which the design of these elements must be based, and to a Be: 


distribution system. - Proper consideration given to the correct interpretation — q 


study of the hydraulics involved, in in conjunction with field tests which are 3 
Be helpful in planning extensions or improvements to the system, will go far in ra <a 
ie ae adequate and efficient installations with a minimum outlay of capital. i 
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Perry,’ M. Am. Soc. C. E. (by letter) —The thorough manner in 
which the author has presented this subject: certainly should be appreciated ie 
i _by the membership of this Society. For many years, the writer has solved 
4 problems of the nature herein ‘presented by. the time-worn. analytic 1 
Be — Un many occasions, during this time, he has urged graphic methods forthe _ 
Re solution of various types of problems. Sush methods eliminate many errors, 


= save time, and give a result sufficiently accurate for all practical purposes. in Le 


‘form: on rectilinear cross-section paper. so, these curves would be straight 
dines» when } plotted on logarithmic cross-section paper and it seems as as if bome 
advantage might be gained from its use. 
Frequently an old municipality having an inadequate water supply enlarges 
its. supply by acquiring - another, ‘more e abundant, ata higher | elevation, ae 
ie an entirely new direction and source. - | larger water main is likely, to ‘ 
o- be installed, leading the new supply to the existing distributing system, s some- ¢@ 
times under the direction of an engineer. Ing most cases that have been 
brought to the writer’s attention, the n new line supplies the ordinary demand and — es 
=, overflows into the old intake. Only at periods of excessive demand is theold 


eal 


ae ‘supply likely to be drawn down into the distributing system. bi Yo stiqe ai a 
Cuartes M. Mower,‘ Jr., M, Am. Soc, E. (by letter)—The graphical. 
= to the problems of Sow and loss of head in the elements of transmission _ 
5. distribution systems is a method of analysis readily adaptable to a variety a 
of problems. Mr. Aldrich has shown how the fundamental Freeman curves 
- a may be expanded to cope with the more complicated problems in water distri+ aA 
bution which have too often been solved by guess. 
a _ With this, as with other office methods, however, there is the danger that 
aa the mathematical accuracy of the theory may hide inaccuracies in fundamental te 
assumptions. C Coefficients of carrying capacity, rates of flow, ‘and rates of 
3 consumption, are often assumed, and | the behavior of a pipe system is then oa 
iz analyzed | by a a flawless process of reasoning. However, the end result is in ae 
error because quantities that could, and should, be measured in the field were a ; 
Although on one of the most usual is sthat C = 100in the Williams- 
Hazen formula, a few loss-of-head tests on representative mains in a distribution os : 

‘oy! ogy system will show how far this assumption may ay be from the truth. ‘Simil ilarly, 

Bs assumptions of flow, take-offs, or consumption may be too far from the truth a 
to be of of value, | because these quantities are influenced by too many unknown — 
factors It is essential, therefore, to make actual field measurements instead 
of assumptions if the design of additions to a eRe xe system is to have 8 a Bs 


Asst. Prof., Hydr. and San. Eng., Lafayette Coll., ‘Easton, 
With Glenn D. Holmes, Syracuse, N. Y. 
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CAMP 0 ON TRANSMISSION PROBLEMS: OF A WATER SYSTEM 4 

The method so clearly presented by Mr. Aldrich is of great value 
jn determining how new mains and new storage facilities will affect a distribu- a % . ag 
_ tion or transmission system; but the analysis of flows and carrying capacities 1 in >, 


the existing system should first be made by instrumental methods. ad 


_ Tuomas R. Camp,’ M. Am. Soc, C E. (by letter)—The adaptation of 


a 
the graphical method of ‘determining ‘ ‘equivalent pipes” to the solution 


of flow-distribution problems i in as presented in this paper, 

not new. E. Howland,* Assoc. M. Am. Soc. C. E., has demonstrated 
that the Freeman method |may be used for cross-overs and for simple networks — 
similar to those in Fig..6. The author seems to be the first, however, to yarn 
_ strate that accurate caletions may be obtained by th this method for somewhat 


Three methods have now been shown to be practical for the analysis of am i 


os flow in networks of a similar order of complexity | to that of the network rk shown — be 


Fig, 7. These me methods are as follows: feat diod. 6: 


od 2 “Th d c h dw. odt al 


kt t should be pointed that all these ese methods are “trial- and-error” methods gs 


_ of solving a large number of simultaneous equations. iy These equations are of a : 


_ three types, arising from three laws ¥ which may be stated as follows: | (a) The 
& algebraic sum of the rates of discharge Tern id any junction point is zero; a 

“+ @ m: the algebraic sum of the head losses around any closed circuit is zero; and 7 
4 for any pipe or system of pipes the head loss is directly proportional to ‘3 

ay some power of the discharge. The number of equations involved is so great ee 

their direct solution algebraically is impracticable, even for simple 

works. For example, in the single cross-over net of ‘Fig. 5(b), eleven simul 
- taneous equations a1 are involved, five of which are exponential and the remainder — 


Methods (1) and (2) may be be classified | as “controlled” methods; that 
the ‘errors produced by successive trials become smaller. The Freeman 


Boye: (3)), however, appears not to be controlled. The solution is obtained — 
by “juggling” the position of the curves that represent the elements in the 
a _ system. The writer is at a loss to understand how one i is 3 to know in which _ : 
- direction to shift a curve when a large number of curves are involved.’ In ate i 
simple net of Fig. 6, consisting of two bays i in each direction, four sets of curves a id 
be adjusted. The distribution system ‘represented by Fig. 7 although 
‘it involves a large number of elements, is less difficult to solve by the graphical i e 


Associate Prof. of San. Eng., Mass. Inst. Tech., Cambridge, Masa. bh 
ad “Expansion of the Freeman Method for the Solution « Pipe Flow Problems,” 
BE. Howland, Journal, New England Water Works Assoc., December, 1934, p. 408. 
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= 
nets of more chan one, cross-over. It appears to the writer that . 
grid system consisting of numerous bays in each direction would not yield to 
solution by the graphical method except by chance. arateye agi}, 
Methods (2) and (3), the process" consists of assuming a division of the 
at junctions and computing the? “corresponding head losses (or, conversely, 
2 assuming the head losses and computing the corresponding flows). If the = Ea 
corresponding head losses do not conform to Law (6), an adjustment in the 
assumed flows is made and the p process is ‘repeated until the heads do conform — B 
well with this “head-loss summation” law. In Method (1), both 
(@) and (b) are taken care of automatically. Since Ohm’s electrical 
resistance law is not analogous to the hydraulic: resistance law, adjustments 
must be made in the resistors representing the elements until the head-discharge — oe 
is, -voltage-current) relation conforms to Law (c). The number of __ 
corrections or adjustments required by both Method (1) and Method (2) vil Pi 
oe _ seldom exceed three. In both methods, with each adjustment, the errors in 4 
assumed flows converge toward zero for nearly all the elements ir in system, 
= aed the graphical method (3), one shift in the position of all the curves corre- - 
ery _ sponds with one adjustment in the other two methods. A shift in the position es 
ig of the curves, of course, is much more readily aecomplished than i is an ada up 
— by the other two methods; but a great many more than three shifts may 
Soup be necessary and there appears to be no means of knowing that the shifts are 
being made i in the right direction for a solution. 
th comparing the three ‘methods, the water-works engineer is in interested 4 in 


‘ 


; aes method, , each el element is represented by a a resistance box. 3 
 ~paring to solve a problem, the resistors must be connected to. one another i in a ‘ae 


mee similar to the water distribution system. “Put- ins” and “take-outs” eres 3 
are Tepresented by leads from and to a battery or other source of 


s Flow is represented by ‘electric current a and head loss by voltage drop. Hence, 
~ a scale ratio must be selected for conversion between the electric and a 


ro 


the actual solution of a problem can ‘be started. This preliminary work in a 
(1) corresponds with the preparation of the curves representing 
>a elements i in Method (3). _ The analogous work in “Method (2) consists only of = 


computing a constant for each element which represents the relation of flow 


head, all of which | may be done on a slide-rule. 
_ The solution of a problem by the electric analyzer method ict) af 
eit ‘reading voltage and current for each element, and of adj justing the resistance so 
that the head (voltage) bears the proper relation with discharge (ourrent). 


pt method (2) consists of assuming @ ‘division 0 of flow at each junction a 


: the corresponding heads, ‘and then correcting the flows by : an amount a 
_ computed from the observed error in the heads. No equipment other thana — 


ahd 
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same problem solved completely by Method (2) occupied the writer for about 
a br. J.J. Doland,” M. Am. Soc. C. E., states that in his solution of the same _ ae 

problem by the Hardy Cross method (2), only about 4 hr was required. It 
will be helpful if the author would give an estimate of the time required to aa 


E. 12 M. Am. Soc. C. E. (by letter).—Problems involving 
1 conduits in series, in parallel, or in a network, are 7 = 
B  tennen met in the study of water distribution systems. Problems in- — 


ookong no method has been available for the solution of ‘problems involving = a 

or networks; unless Mr. Freeman’s graphical method® may be 

considered. This method involves so much labor for the solution of a a tee 
e problem that it has not been widely used. The electrical analogy, introduced’* 
in 1934 by Professor #H. L. Hazen and Thomas R. Camp, Am. Soc. 
= & offers another method of solving such problems. It has not, bowers, 
_ been widely used, possibly because of the equipment required and its rather _ 

By recent introduction. However, the author is not correct in his statement (see _ 

“Introduction”’) that “g mathematically accurate determination of the results 
to be expected in designing intricate grid systems or important reinforcements 

_ is impossible of attainment from a practical standpoint.” Professor Cross’ —_—S 
a method for the analysis of flow in networks and conductors'* makes it possible _ 

to solve such problems mathematically to any desired degree of precision, and vies 
-s results, 1 using this method, are reported within 1% of accuracy by James a 
- Doland, M. Am. Soe. C. E. in his illustrative problem which the author has i 
Until the publication of the Cross method problems involving the hydraulics 
: of network distribution systems were e most commonly solved by guesswork or a 
by approximate methods whose results were little more than guesswork. The 
author’ sm method is a simplification and an extension of Freeman’s graphical 
method, which is applicable to some special conditions of flow in networks. It . 

& could probably be extended to include all possible problems in such networks, 

— Problems that may arise in a study of the hydraulics of a network disteibG. “he 
tion system may be illustrated on the simple cross-over diagram shown in Figs. a ‘ver 
2 13(a) and 13(b), in which the diameters and lengths of all ‘pipes are known. 
q Be The principles are applicable to any number of pipes and cross-overs in the mt 


bo Problems >f Type I are illustrated i in Fig. 13(a), in which c put-ins 2 and 


all the pipes and the pressures at v various s points i in the pipe This can 
be solved by the Cross “Method of Balancing Heads.” = 


4 Aq 
Engineering News-Record, October 1, 1986, p. 475. 
das Journel, New England Water Works Assoc., Vol. 7, 40,. 1802, 


¢ heated Hydraulic “Analysis of Water Distribution Systems by Means of an Electrical 
Analyzer,” Journal, New Dngland Water Works Assoc., Vol. 48, p. 383, 1984. 


Bulletin 286, ‘Eng. Experiment ‘Station, Univ. of Illinois, 1936. 
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of Type are » illustrated!t in Bie. which the:'ps pressures» 
are known at all points of put-in and take-out, and it is desired to determine _a 


200" 


outs, and the pressures at other selected points in the Giateibatine: aren 


are: 


example, where the pressures at a hydrant and at the pumping station, or at a 


ai eth ove J 


E - E 
vid Fie. 14. —CONDITIONS oF FLOW FOR IN odd 
one or more distribution reservoirs, are known and it is desired to know the a ; 


a: a rate and direction of flow through the pipes in the distribution system. It is a 


a 


to be noted that where the Cross method is used for the solution of such 8 


a change in one or more of the assumed pressures, put-ins, or take 
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involve the complete reworking of the ‘whereas if there is 
a no change of the pipes in the distribution system, the problem r resulting fr 


changes in the conditions can be solved relatively easily by the method sug- . : 


TABLE 5.—CoMPUTATIONS TO DETERMINE DistRrBuTION oF Frows THE 
SHown Fre. 13(¢), Taxs-Our ar C = 500 
LONS PER AND DIFFERENT ar Pornr’ 
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ae * See Fig. for = 997 (Fig. 14(A)) has not beenincluded. 
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i 
ss being plotted graphically with little or no more effort than would be invo ~~ la 
g plotted graphically with littl ffort th Id be invol 
: oo ~ _ in a series of solutions by the author’s method. For example, let it be desired Fi 
to determine the magnitude and direction of flow in each pipe in the simple 
det the itude and directi f flo h in th 
4 cross-over system illustrated in Fig. 13(c). All the water enters st Point A; 
‘ a re = 500 gal per min is constantly taken out at Point C, and the take-out at the 4 h 
hydrant at Point F vary between zero and 1 000 gal p per min, 
- _ method suggested by Professor Doland has been used in this solution and,for §— 3 
simplicity, it has been assumed tha in whic is the head loss in od 
= licit has b d that H = K Q*, hich H is the head | mY 
the conduit; Qi is the rate of flow in the conduit; and K i is a resistance factor a ae a J 
> _ dependent upon the length and diameter of the pipe. If the more commonly — : tt 
— used Williams and Hazen ormula were used here, the expression wou az 
d Willi dH ] dh th Id be 
H=K Q1-85, computations involved in the solution are shown in Table 5 «(of 
and Fig. 14, and the flows in each pipe, to the nearest 1% of accuracy, are i « 
entered in Table 6. These values can be be plotted so that the rate of flow in — 
—Rates or Fiow Prrzs In Fic. c) FOR VALUES 
‘TABLE 6.—Rat Fiow In P ‘Fra. 13(c) ror: Val 
(Values of Q Are Given in Gallons pe: per Minute) ‘or 4 
Zeno | Or =305 | Qr=500 | Or =750 | 


|340 | 67 | 67 |e | 66 825 975 
CEF...| | 9%-| 14 |110 | 23 |230 | 32 |400 | . 
5 
any pipe, corresponding to any rate of flow trom Point F, can be read from the 3 il 
= curves. In Fig. 14, the underlined values denote relative resistances and the — a 
values i in circles are first assumptions of the percentage flow. The values 
beneath the circled. numbers indicate corrections. _ The arrows in ‘Table 6 oe = 


a. indicate when the direction of flow in Fig. 13(c) is from left to right. — When 
no arrow is shown the direction of flow is away from Point A. 
g _ Where added ¢ conditions are involved, such as storage reservoirs on Pe 
_ distribution system, or where the distribution system is on two or more > levels, 
as on different floors of a multi-storied building, Professor Cross’ method all ; 
ee be applied. _ There i is no limit to the number of problems which may arise in k 
ae the hydraulics of flow in a network distribution system. Any pr problem i in this % 
field ean be solved by the Cross method and many problems can be solved by | 
the the author’ s method. _ Where both 1 methods are applicable to the solution of © 


=a a problem the choice will depend | on the , experience an and the judgment of the 


4 


| 


Some confusion may result from the use, the author, of the t term 


at a point in a conduit. Paina term, “grade,” is usually synonymous with : 5 
Malope” rather than with “elevation” in most texts on -bydraulics. The: 
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a  yseful in the solution of the complex problems i involved i in the design o! of systems 
ict Bes the transmission and distribution of water, the method suggested by Mr. peal 
- Aldrich is both interesting and valuable. Methods of design for such systems 
= had too little attention from water-works engineers, who have usually 
considered the design of a distribution system as something too complex for a 
_— computation, and yet too simple and practical to warrant much study. es 
oy a result, the art of designing transmission and distribution 1 systems h has de- <a 
7 veloped slowly and has been out-distanced by the developments. in supply, iw 
treatment, and conditioning of water. The distribution system is easily | 
a overlooked as it has usually grown bit by bit and seldom does the water-works 3 
man realize the accumulated investment that lies beneath the streets—out of og i 
sight and considered only when necessary. 4 


* 


= 


The author’ s statement that the transmission and distribution “elements of — am sg 
a water system . commonly exceed 50% of the total value” is conservative. = 4 


a Table 7, pertaining to distribution in several municipal water systems in lowa, of 


TABLE 7.—PERCENTAGE OF Tora INVESTMENT 


Gs: 


Reservoirs b fe C, 8, F, F, Ch 
Impounding res- 
ervoirs F, Ch 
P..|12.0] Shallow wells | C 


, in 


oan ad 


Shallow wells — 
C, 8, F, Ch, So 
Wels A, 8, 
gal- 
Ch 


indistribution 
served 


thousands 


in distribution 


- 
nN 


S385 
e000 


* Key to symbols on treatment: A = aeration; C = coagulation; S = sedimentation; F = filtration; aa 


; - indicates an average of more nearly two-thirds and in only one case does the a. 
: ratio drop below 50%, in spite of the varying size and types of supply studied. * 
‘The graphical solution outlined by the author seems to be much better 
uted to problems of transmission or distribution which involve not more than = 
- few parallel circuits, than to complicated grids with numerous circuits or oe a 
a cross-connections. _ The solution of grids by the methods of Case VI is very a 
a “ ingenious, but is laborious and time-consuming as compared to the method de- mR ae 
by ‘Hardy Cross,!” M. Am. Soc. Indeed the example contained 
the paper as a “Solution of a General Case” s seems in itself proof that the 1e Cross “4 
y _ method i is more quickly and ee! x54 to networks. The solution of this 


Vice-Pres., Young & Stanley, Inc., Muscatine, Iowa. 
*“ Analysis of Flow in Networks of Conduits or Conductors,” by Hardy Cross, Bul- mi 


sai #86, Eng. Experiment Station, Univ. of Illinois, Urbana, il. 
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‘ON TRANSMISSION PROBLEMS OF A WATER system 


quicker than the solution presented by the author. graphical 
becomes too involved with a complicated grid. Furthermore, a grid or 4 
Ry network i is generally analyzed for a maximum condition, usually that of normal 
: plus a fire flow located at some particular point which, for the a 


section of the system under consideration, will give the worst condi- 


| o is excessive. This fact further | tends to limit the | usefulness of the method ee a 


__ The graphical method appears well adapted to problems with varying rates 4 
of flow. Insuch cases, the curves for different pipes a and groups of pipes present 

visual of the with varying flows. Direct mathematical 


to Case IV) and those transmission mains, 
j sources of supply, pumping stations, and storage reservoirs or 


Mi hich is extremely helpft ul. It seems to the writer that it is for problems of pore : 
ae that the graphical method is best suited and will find its widest application — 
and use. The method also has a value i in that it may be applied to small sec- 


of flow, friction, and head with varying conditions. “Often, 

= * chart or graph as a supplement to computations affords a better understanding sy 

The foregoing comments apply to th the ; general usefulness and application of 
et the method. A few comments may also be made on some of the details. ie Be) 

j ee In the list of “Basic Data” required there should be added under Group 

_(@)—which deals with storage- —the item of depth | of storage. . Such d depth 


me 


a plays a large part in the value of a given storage volume. { The effectiveness of j 
i. @ given total volume i in an elevated tank, as compared to the value of the same : 


- Conversion factors for various values ‘of Ci in the Williams-Hazen formulas. ES 


for application to the friction losses obtained from Fig. 1 (C = 100), are, & as 


ar 


i 
— 
— 
ok 
— 
— 
iii 
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and the effect of varying flow 1s not so easily visualized. 4 
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Warren E. Jun. Am. Soc. C. E. (by letter) —An interesting 
a ~ pplication of graphical methods to the solution of problems encountered in the 
design of water distribution systems, is presented in this paper. It is claimed 
- for the method that in certain cases better progress can be made than - & 
mathematical methods or by trialanderror. It is not entirely clear which cases 


+ are in this category. Since the purpose of the graphical solution is avowedly to a 


obtain a a practical result in a short time it should be on the basis of this — —% 
that it be compared with other methods. Great accuracy is not required; nor 
ag can it be expected, since the basic assu mptions one r makes are necessarily m an 
spproximations. 24 Henee, any of the methods be expected ta bo give: 


appears that the preliminary which one nen namely, 
that of plotting curves to suitable scales, necessarily consumes considerable 
In addition, one must adjust a a number of curves to the proper positions 


te 


“method in a similar period of-time. From the of the 
Le professional engineer the need for an experienced designer in the manipulation 
a of sue such a “method i is a disadvantage since t the work could be delegated to an 


the method of successive spproximations as routine set of calculations. 
Wis is the writer’s belief that if one acquaints himself fully with the funda- _ 
 mentals of the Hardy Cross method‘ and clears away any false notions he may : a 
_ have about a method of s successive approximations i in the question of accuracy, a 


2 short time. There can be no question that ‘the cuilieiibens preparation se ek 
_ quired in the Cross method is far less than that required for the graphical 
method, since it involves only the calculation of a constant for each section of a 
3 pipe in the network. x The actual work that is necessary in making the succes- _ 
sive approximations is certainly no more e difficult and requires very little time. ie 


The writer would be interested in a statement of the particular types of 
problems in which the | graphical ; method i d is believed to be superior to the Cross ’ 


= K. PALMER * M. Am. Boc. C. E. (by letter).—The method of | 


a handling complex problems in water supply design, which is presented in this — 


Asst. Prof. of Civ. Eng., School of Civ. Coll. of Eng., New 
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| 
speed as one gains experience in the method, but must nevertheless take con- 
siderable time. The fact that considerable experience is required to use the ae 
= ee graphical method to advantage then appears to be an undesirable feature of the — a aa 
ij rf on method since it is possible to teach the Cross method to a group of students and a) = 
= ore in them sufficient skill to handle complex networks in a period of not oi EF Pg 
— 
— 


and the author roe praise for the i ingenious manner in which he has i Re 
P some of the worst of them. The writer has used the same method in handling 4 : 
_- pumping problems, which the author mentions, for several years and has found = 
F a it a very convenient tool. — ‘The following comments are offered to supplement = 
the author’s handling of the subject and to emphasize the fact that it is a 4 
ae method which can be used for many purposes, depending largely upon the i in- 
= One fact that should be especially emphasized i is that there is nothing ob- 
--- geure or complex about it. Instead of trying to solve algebraic formulas of the 


mos 


combines these | curves, ‘and the intersections ¢ give the solution desired. Thus, 
= the solution of the problem is no more difficult than the drawing of the curves. _ 
r It is is only necessary to keep in mind the factors that produce loss of pressure and _ 
; SB to apply them in the right places by simple methods. The principal way in 
which it differs from the ordinary computation is that the latter is performed — 
3 for one pressure or one value of Q, and if the result is not correct another ap- e 
_ proximation must be made. In the author’s method all values of pressure al and — ¥ 
a within certain limits are considered and the solution is given at once by the : 
od _ Fig. 1 was prepared probably from the Williams-Hazen tables, which is also” 
the writer’s method of making similar drawings, but these tables give only — 
_ standard cast-iron pipe sizes, and other sizes must be interpolated. This can 
be done very easily by the following method, which is applicable to. any similar oe 
exponential formula. Fig. 15 is a simplification of Fig. 1 showing only a few 


A 


\ 


s of Head, in Feet per 1000 Ft 
f Pipe, Due to Friction 


tio of in Millions of Gallons Da Flow, in Gallons per 
. 


Fic. 16° 


4 


of the lines to to avoid confusion, and yet t show the method. - Marking t the inter- ; 

rr of the line for 20-i -in. Pipe w with the 20 ordinate, the 30-in. pipe line with 

oe 30 ordinate and the 60-in. pipe line with the 60 ordinate, it will be noted ae 
that all the intersections marked are on the same straight line, which can be 
called the interpolating line. © Why this should be a straight line can be proved g 

by any one mathematically inclined, but it is not required i in this case, anditis 

_ easier to draw lines for two or three sizes of pipe and j join the proper intersee- a 

tions than to compute the slope of the intersecting line. To interpolate any ae 


_ other size of pipe it is ‘necessary only to note the intersection of the 0 interpola eho 
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“this intersection a line parallel to the other pipe curves. ‘Thus, any size of Bd 

oe can be interpolated without difficulty and in much less time than it ee 

- to find the values in a table and plot them. © Furthermore, a graph for metric 

sizes could be computed from the data for English sizes. 

_ Several manufacturers of centrifugal pumps are using a method similar to 
4 that of the author to show the behavior of pumps on a given pipe system. hb In < 
ke this case, it is more convenient to consider the system curve for the p pipe as a fe r 
a static lift, plus friction, giving a curve in the upper right-hand quadrant a . 
ma is concave upward. . The ordinary head-capacity curve for the pump is — 

superimposed on it. This latter is concave downward so the two intersect at a ve 
t sharp angle and show at once how much water the pump will handle. Should — 

tbe necessary to start a second pump its curve is plotted in the same quadrant it 

and the two are combined by a adding the respective abscissas for common ordi- po « 
% nates, and the intersection of this curve with the system curve shows the 

quantity the two will handle, which, incidentally, is less than the sum of the % 

_ two individual capacities when running alone. In Fig. 16, SS is the system i 

curve; AA the curve for Pump No. 1; and BB for Pump No. 2. Points a and bd 
: show what each pump will do alone; CC is the curve for both pomp; and ~ a 

_ If the pumps are discharging into the bottom of a tall stand-pipe in | which a 

es ‘ean is considerable fluctuation in the height to be pumped, it is advisable to Pade el 
ie draw another curve for the stand-pipe full, such as Curve S’S’, Fig. 16, in which oi : 
Be the height, SS’, is the increased depth. 1. Points a a’, b’, and c’ now show what the 
Should the system consist. of two or pipes in parallel they can ‘be: added 
a4 d the diagram in a similar manner and the saving in head, and i increase | 
output of the pumps, isshown atonce, 
a ‘The foregoing method serves ve very well where the pumps are close together 2 Er : 
tea and the individual suction losses are small in comparison | with the discharge — Poe 
a head. It is obvious that if two 1 000-gpm pumps are running in parallel the Ye 
a friction back of the junction of f the two is no more for both pumps running than a 
8 is for only one . In fact, it is rather less because each alone might pump 1 100 
and only 1 ‘000 gpm when both arerunning, 


aa line with an n ordinate corresponding to the diameter required, and draw — ; 


| 
For a case consider two deep-well pumps, A ‘and. B, B, Fig. 


separa 
- pump, C, near Pump B, whieh forces the water into a high stand-pipe far enough © 5 i 
«away to offer some appreciable pipe friction, and subject to an increase in ; : 

Sow with its equivalent increased pumping lift; also let the standing water be iy Sg 
‘surface in the two wells be at the same elevation but with different draw-down a: = 

characteristics for each, To avoid too many overlapping lines in Fig. 17(b) 
the two well pumps are shown in different quadrants. The distance from | the = 

static water surface to the suction of the booster pump, C, is O00’. Aswaterin 

4 Well A draws down, this lift increases along the line, O’w’. The suction losses an 4 
and pipe friction to Pump. C for Pump A are shown by | Curve » Of’, and the total P ay a ; 
«lift and losses for Pump A are shown by Are AA is the head- -capacity curve 
this pump, and subtracting (vertically) o'r! from a Curve AA gives | aa 


| 
<2, 

: a 
~ 
= 
4 
4 

| 
Ey 


— 
which the at which Pump A will deliver various 
of water to Pump C. A similar system is shown for Pump B in the 
= quadrant, ab representing the elevation at which Pump B delivers water to @. 
Pump C. Adding aa and ab horizontally gives Curve a—ab which is the cor- 
responding curve for the two running in parallel. Curves SS and S'S’ repre-_ 4 
the system curves f¢ for stand-pipe empty and ‘full, respectively, and: CC 
‘taatbenp old at butt 
bert ff 


rere 


=> 


tw. 


ist PROFILE OF PIPE LINE git evox doidw gout 
ue. 17.—Loss | or HEAD, IN Per THOUSAND FEET oP Pitz, To FRICTION 


is the head-capacity ct curve Pump C. Adding (vertically, since the two are 
- _ now in series) Curves a-ab and CC give Curve C’C’, the combination curve for 
pumps, intersecting the curves at Points cz and C3, which represen 


e is empty and full. Lines 


i 


and Bs; mae much each well pump is 


a 
t 
4 
a 
a 
4. 
a 
t 
4 t 
a 
di 
ae 
is 
— __-vertically from these points to Curve a—ab, and orizontally es 
and aa with vertiog| lines 
— 


2 pressure to the water, which. pressure is reduced at any point ; along the pipe -¢ 
static lift plus the friction. These respective losses are charged against 
each pump at the junction point where it is obvious that both must be exerting — a 


hese net pressure, and the combined flow will be the sum of the flows corre- 4 4 
sponding to this net pressure, _ _ Since there was only one booster pump and nS 


- complications, it. was not necess ary to use the same method on it, although it . = 


=, 


. at his method of analysis is very useful in investigating low-head complex 4 
‘pumping and solves some difficult with remark- 


20 Eso. (by letter). —In 1936, was called 
the and flow conditions of the water supply a and | fire pro- 

tection system of an important Brazilian chemical plant where interruption of 
a the flow of water would lead to disastrous results. It was ¢ especially hoo 
, to know the effect of shutting off, quickly, certain flow demands for production ne 
purposes. Asa prerequisite to this extensive surge investigation (by the 
i graphical method), the flow and the resulting head losses in the system for 

- steady ‘conditions had to be ‘found, ‘and ‘a graphical: method, first published by 

. Spiess," was used and extended for the requirements of this specific problem. 

As far as the author’ 's Case V is concerned, ‘the graphical solution as problem, a 


- far simpler ; and more general than the method used by the writer, a com- 


bination of graphical and analytical procedures. 


.* The author is to be commended heartily for his s timely paper which is of ee. Be: 

considerable interest to all hydrau lic engineers engaged i in problems of wate re TZ 

on in pipes. It is only too true that the design of the transmission and dis- ee 4 
_ tribution system receives little attention in spite of the great sums of ‘money ae a 

ae invested in such installations. — The rational method proposed by the author — | 

_ makes it possible also to decide ‘at once whether certain cross-connections are _ 

essential and of decided benefit. In the investigation made by the writer, 

considerable savings were effected by removing several long pipes connecting 


E 
As far as the solution of the in Fig. 12 is A 
- author did not make it clear that, actually, four diagrams of the type show it 
a in Fig. 10, drawn for the various flow demands in the ‘system, ‘are required; and ~ Abe 
4 4 only when the writer realized this point, did he understand the solution. © Loli 
Except for this minor criticism, the paper deserves to be mentioned ra 


essential to the art of hydraulics, and the writer hopes that its. contents 


Paulo Tramway, Light & Power Co., Ltd., Sdo Paulo, Brazil 


Journal fiir Gasbeleuchtung und Wassorversorgung: 1887, p. 513; also treated in 
Hyaromechenik on Druekrobrieltungen,” by R. Winkel, Miinchen, 19189. ™ 
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GAVETT ON ‘TRANSMISSION. PROBLEMS OF A "WATER ‘SYSTEM 


ey come ti to the a seine of authors of books on applied hydraulics, who too often — a 3 


do not pay enough attention to professional papers an advance i 


hd 


and then to a more complicated system, the author clearly demonstrates the : 4 


computation of the losses i in a distribution system that may be checked 
by ac actual tests to an accuracy greater than the precision of the basic dats 


Gavert,® Assoc. M. Am. Soc. C. E. ‘(by etter) —In so far as it 


= demonstrates the application of Mr. Freeman’s method to the solution of com- 
plicated pipe systems, the paper by Mr. Aldrich is most interesting. By show- — 


ar ing the application of the graphical method, first to simple typical le 


Be co-ordinates for head and flow, permitting the graphical summation of these 
ss es. Celluloid sheets described by the author are convenient and may be easily 
fe prepared by rubbing the surface of commercial celluloid with an ink eraser. mca) 


aa : Although the author mentions the hydraulic slide-rule as an easier means 


ie of solving simple problems than the graphical method, he gives no details as to. 


that “ 
attainment from a practical standpoint,” he is correct. This statement, “ae 


ever, tends to encourage rather than dispel the current opinion that, until 1935, 
it was impossible to design | a distribution system. To assume that for years By 


_ water-pipe systems have been designed by guesswork is ‘extreme. ae nie 


should be sufficiently accurate for all except academic purposes. Such com- 


~putations may be made and have been made with the slide-rule at. 


Extwoop H. Aupricu,* M. Am. Soc. E.—The helpful comments 


offered i in the discussion of this paper appreciated. In many of the dis- 
- cussions, as well as in previous papers, the writer is surprised to note the oe 
_ general admission t that practical solutions of these problems were ae 

_ prior to the -Camp-Hazen and Cross methods of analyses. . The writer hen 

: used the graphical method presented in the paper over a period of more than ., 
ten years in many involved problems and has quite. successfully checked his, : i 


computations by the results obtained after the completion ‘of several 


ae ‘The discussions have been devoted largely to | _ comparisons of the three 


methods of analyses, 1 namely, the Camp-Hazen_ method, the Cross metho 
and the graphical method presented in the paper. Th general, they have been 
restricted to the solution of distribution networks. fi In explanation, this paper 


was prepared and submitted prior to the publication of the Cross ‘method. 


Typical Case II was substituted for a more general case in the final revision s 


“Hydraulic Tables,” by Williams and Hazen, 1905. 


Associated with Reeves Newsom, Cons. Engr., New York, N. 
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0 ON TRANSMISSION PROBLEMS OF A 
ae ‘The discussions, therefore, have been concerned largely with subeoquent 
developments in the solution of grid-system problems. to 
; bp The method of “analysis to be used in solving the various types of problems _ 
we only a means to an end. . The choice of method, the Cross or the graphical — 
(the Camp-Hazen method is essentially similar to the Cross method), will be 
governed principally by the purpose of the problem, its complexity, and oe 
familiarity of the ‘designer with the two methods. In intricate grid-system 
eS problems the Cross method more readily effects a simplification of the problem. a Se 
ft simple transmission studies, such as may be termed ‘Typical Case II, and } ae 
in storage and pumping studies, the graphical solution appears simpler and tar 


more adaptable to a portrayal of the varying conditions usually present in 
ery problem. In most problems a combination of the two ) methods would appear — 4 — 
4 ‘desirable. As the intricacy of network problems i increases, so does the labor 

~The variation of the Cross method, suggested by G. M. Fair,25 M. Am. 

Boe. C. E., further simplifies the mechanics of the Cross method, oo 
use of the hydraulic and making unnecessary the compilation 


Professor Perry has pointed out that the use of f logarithmic paper in | the 
‘method would result in straight lines instead of curves. This is 
- true, but in the more complicated problems, involving “‘take-outs,” “put- rob 
varying elevations, and i interconnecting pipe, , the measurements of head and - 
quantity are made more difficult, so that a rectilinear scale is to be peor 
oe The value of Mr. Mowers’ comments in stressing the field investigation i 
4 drafts and cs carrying capacities of pipe is very evident. When C varies from 
100 to 80, the resulting friction losses are increased by 50 per cent. To m= 
who has had experience in measuring coefficients and flows it i is apparent h how 4 
“a illogical, and even absurd, it is to attempt to make an office design within » an 
Ge accuracy of 1% or 2% unless the data upon which the design is based can be 
determined with reasonable accuracy. However, assumptions of “draft, 
- distribution of consumption, and carrying capacities of pipe are, and alway a 
will be, required when designing for future works. Judgment must be pean Ml 
= a knowledge of field variations when making these assumptions and a % “ol 
2 proper balance maintained between the desirable accuracy of the several parts” ng a ag 
Professor Camp has summarized some of the comparative advantages and ee 
disadvantages of the three methods of analyses as they are applicable solely : 
to network problems. It appears that the electrical analogy method, because 
of the time and extensive equipment required for the solution of a a simple vs a 
problem, has no advantage over the Cross method. It is questionable whether _ + 
an intricately connected grid system requires elaborate and time-consuming» 
methods of analyses, €% except as an academic problem. In many cases a judicial — a 
combination of mains and “take-outs” will not materially affect the accuracy % a 
4 of the Tesult. Typical Case II, as first solved by Professor Camp by the 
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sini enawer the problem was | by the graphical 
S = within 2% of the accuracy of the final result, in leas than 2 hr, using an hy- Ee, 32 
os a draulic slide-rule and a piece of co-ordinate paper. This naturally prompted q 


the a query as to the necessity for the extensive equipment, time, and ee: me 
In presenting the problem of Typical Case II more time was consumed 
order to present the method of analysis clearly. Approximately four hours 
es were required to secure the answer to the problem with the accuracy deter- 
oe mined. In the actual design of such a system several short-cuts are possible — 
to one familiar with the graphical method since the shape of the curves give § 
ee a picture of the problem. It is immediately apparent that the loops DJ, 4 
Bile and OR (Fig. 7) can be approximately simplified with very little effect | 


orens Irrespective of the fact that the statement: “A mathematically accurate 

“1? impossible of attainment from a 


determination 


in its broader sense when the variations in n consumption rates and coeffi- 
_ ¢ients, which obtain in practical application, are considered. With certain 
a assumed conditions, it is true that any of the methods of analyses can give a 
mathematically correct solution. results secured in . practical application, 
however, may at variance with. the solution due to inaccuracies, of 4 


Ao Babbitt, the Cross method can bé used, with 

graphical assistance, to cover varying: conditions without repeating all 


_ Mr. Stanley has clearly presented the various fields in which each method 3 


of analysis might be the more applicable. In determining the influence of cet 


ts 7 


storage, as he points out, the depth—or rather, the effective range 2 and eleva- 
is questionable whether (as intimated by Professor Wilson) the adapta- 
bility of a method of solving engineering problems should be measured by the 
q a speed d with which students ¢ can be taught the mechanics of “using it it, unless, =t 
> sa the same time, they obtain a proper appreciation of the f undamental theory. 
Any short-cut method of solving the type of problem considered in the paper 

is too susceptible to misuse without an understanding of the underlying theory < 

conditions s which actually affect the problem i in practice. 0 4 


sa With a knowledge of the use of the hydraulic slide-rule the plotting of the 

curves is a relatively easy and quick process. The adjustment 
of the curves of an intricate network becomes more difficult as the intricacy — 
aoe increases and, unquestionably, in the more difficult problems of this nature 

“to the modified Cross method is to be preferred. ; In general, such problems | are 

Rot so important to the practising engineer as those pertaining to storage, ‘i 
‘= _ pumping, and transmission, wherein the flow and head conditions are constantly 


varying. It is in such types of problems that the — to allow for the 
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varying conditions by the simp le process of ‘moving a@ curve indicates 
advantage of the graphical method. Asa knowledge of this method of solution = 
—— inereases, the the picture which th the curves portray by their shape immediately — ie 
indicates the conditions which are, and those which are not, important. aha 
a eer _ A further example of the use of graphics in the solution of pumping prob- — 

a lems i is clearly presented by Mr. Palmer. The bose of the paper was erro 

to the presentation of the basic cases. 

i graphical method almost exclusively in pumping studies involving the cen- a 
a ‘trifugal pump, since the head-capacity curve of such a pump is similar to that & 
of a pipe line and a combination of the two is easily effected. 
7 ee 5: It is true, as pointed out by Mr. Knapp, that the presentation of the cases en $ aa 

Ps the paper are more complicated than they need be in the actual use of the ate 

method, but it appeared desirable to “present them in a compre- 

hensive manner. In actual use many short-cuts are possible to an experienced © a 


a To combine pipe connected in series and pipe ye connected in 2 parallel, or 


‘= 


oy of any y number, without tako-cute ¢ or put-ins, « can be jecbaaae aay 
_ by making an addition of the head losses in each pipe determined for each © ' 
flow from the hydraulic s slide-rule and plotting the composite pipe directly. 7 3 
parallel-connected pipe, the head loss is first assumed, the quantities each 
pipe will carry under the assumed head loss is added, and the composite curve _ Lz “| 
ay gu Cases I and Il of the paper were included only to illustrate the Ay 5 
method of solution of some of the distribution — a 4 
“e transmission problems of water supply alone or in combination with the > oo 
method evidently permits: more accurate economical — of 
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ong AERATION TANKS FOR ACTIVATED 


Wine Discussion By Messrs. Norvat E. ANDERSON, WESTON GAVETT, 


design of aeration tanks in which diffused air is used for aeration, 
q differentisted from tanks with mechanical, surface aeration apparatus, ig 


> ae treated in this paper . Ane endeavor has been made to present the bases of = 
theory ¢ and practice governing the design of the principal elements of diffused- 5 
air aeration tanks. The derivation of practicable bases of design has been as <a 
made possible by the wealth of research, experimental, and plant-operation 
which have been made available during the past few years particularly | 


through the work of such as the Sanitary of Chicago. 


design elements of diffused-air for the 


conditions, are particularly good design guides. 
‘The required capacity of the tanks depends upon quantity of sewage, 
aeration period, and percentage of return sludge. The results at plants and 
; experimental units treating sewage of widely varying strengths indicate that 
the minimum 1 aeration period and optimum percentage of return sludge vary 2 
with the strength of the sewage being treated. Parallel experiments with 
aeration tanks, 10 ft and 15 ft ft deep, indicate that between these two depths 
economic depth of tank m may be determined by balancing the cost of 
compressing air against fixed charges on tank cost. Experiments at 
_ IIL, show that a ratio of tank width to tank depth of 2 to 1 may be used safely 
= Nore.—Presented at the meeting of the Sanitary Engineering Division, New York, N. Ts  Sanuary 2 
iF 1936, and published in October, 1937, Proceedings. 


Freese & Nichols), Fort — Tex. 
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 ABRATION TANKS 


Data from : a — of plants indicate that, except possibly i in a the ¢ case aa 
some unusual trade wastes, the quantity of air required is eguuatiantity 
a! 0.0045 cu ft per gal of sewage per ppm of 5-day bio-chemical oxygen demand 
O.D.) removed over-all by plants using air-diffusion aeration tanks of the 4 
: spiral-flow type. The “spiral-flow” type of tank requires less air than the 
“ridge ai and furrow” type, and the combination of air diffusion with mechanical 


ings in both air and total power required. The. data from a number of plants 
- indicate that the quantity of air required for “complete treatment” is inde- 
pendent of the degree of preliminary sedimentation and that plants with 
bs no preliminary sedimentation require no more air, in parts per million of 4 
over-all _bio-chemical oxygen demand removal, than plants with preliminary — 


_ corners of the aeration channels is now standard practice. Recent experiences 

- indicate that diffusers with permeabilities of from 35 tod 45 may be used aa 

and that the size of the air bubbles does not differ appreciably from those 
diffused from plates of lesser permeability. The plates of higher permeability 
Bre not clog as readily, and they offer less resistance to the flow of air than — 

pewy of lower permeability (15+) which have been used in the past. . Cement 


grout for diffusion plates into plate containers is still common 


plates in place offers a . possibility in overcoming the « objection to cement grout 
joints which prevent the removal of plates intact. oa 


le his classic “ Methods « of Disposal,” published i in 1894, 
= a Mr. George E. Waring, Jr., devoted a-chapter to “Filtration with Aeration,” © 


= ‘iy in which he review ed the week - done prior to 1894 i in the matter of the a aeration — 


if a mass of sewage could be held in a erate of 
vescence, due to injected air, for a sufficiently long time, its organic matter i gf v 
would be as completely oxidized as it would be in the best- ‘regulated filtration; ne a Be ro 
- as it is, indeed, in a rapid river, after a certain period of flow. Itisalsocon- _— 
Eber that a deep and narrow channel, with an air-supply_ at its bottom, — 
would purify a slow stream flowing through it for a practicable distance. It 
seems likely, however, that air introduced under pressure would be much __ 
* more economically used in the pores of a coarse filter than in a freely moving. joa 
body of liquid, through which it would rise in bubbles so rapidly as to come ee 
a less completely in contact with the suspended and dissolved matters. = 
a _, This whole subject is still in a speculative stage, and it is introduced here 
a chiefly with a view to suggesting further investigation in an interesting and as 


i. 
The later development t of the activated sludge process of s sewage treatment 
_ and more recent experiences in the design of aeration tanks have confirmed the vf _ * 


"i aR Early experiments with the aeration of sewage prior to the development ie 
= ‘the activated sludge process of sewage treatment t may be a re- 
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in the first of “The Activated Sludge (1927), by Mr. 
A. J. Martin. In. 1914 and 1915 Messrs. Edward Ardern and William T. 
Tackett in a series of three papers read before the Manchester 


of sewage Messrs. Ardern’ and Lockett gave credit 
4 Mr. C. J. Fowler for his suggestions which led to, and were followed in, ‘the By 


making of the activated sludge experiments. == = 
process was patented by Jones and Attwood, Limited, Stourbridge, 

oti 


‘England, in a series of patents taken out in 1914 and 1915 in England and later 
perfected in the United States. Messrs. Jones and Attwood designed the a ; 4 be 
first activated sludge plant of any size (approximately 900000 U.S. gal per = 

1916, at Worcester, England, part of an existing sedimentation tank 
= being converted into aeration and sludge settling tanks. The aeration tank & t¢ 

er 


2 consisted of a battery of five channels, 8 ft wide by 80 ft long, 7 to 18 ft deep 3 
(water depth), and with three vertical under-flow baffles in each channel. 
Bg Air diffusion was of the transverse ridge and furrow type with rows of diffusers tp 
ee: at 5-ft centers in the first channel and at 10-ft centers in the remaining channels.  § 
“a The ratio of air diffuser area to tank area was approximately 1 to 10. Th .* _f 
sewage passed through the channels in a modified “endless channel” type of ey : 
= continuous flow, at the end of each channel a portion of the flow being carried - 
back by induced circulation into the preceding channel. 
Laboratory experiments at Manchester were followed by the installation 
of an activated sludge sewage treatment plant at the Withington Sewage 
Works of the Manchester Corporation, this plant being placed in operation in 
_ September, 1917. The Withington aeration tank was constructed by con- 
_ verting a part of an existing sedimentation tank, approximately 20 ft by 100 ee % 
 intos series of five ft wide and ft long, with 5. 5-ft water depth 


a type. The floor was laid out in transverse ridges and furrows, the slopes of 
the ridges being at 35° with the horizontal, and the air being ii introduced through ; 
rows of diffusers placed in the furrows, on 6.75-ft centers. The diffuser : area 
. ‘4 amounted to one-seventh of the aeration tank area or the water surface ares, 
This plant s successfully treated 440 000 ) gal (U. 8.) of domestic sewage per day. 
another Manchester Corporation plant, the Davyhulme Sewage Works, 

am the “spiral-flow” type of aeration tank was first used, the plant ‘us at put in 
: Bt operation in 1921. . The aeration channels | at Davyhulme are 8 ft wide by 9 ft 
= (water | depth) with diffusers along one side of the channel at the base of 4 
_ the curved footings of division walls; the ratio of diffuser plates to tank area a 


2 approximately 1 to 18. _ The plant t has a rated | capacity of 1 200 000 gal (U. 8.) 


During 1915 a number of experiments with the activated sludge process 
were initiated in the United ‘States, notably at Champaign, Il. , Lawrence, 

Mass, Baltimore, Md., Milwaukee, Wis., Brooklyn, N. Y., Chicago, IIL, ie 


and Cleveland, "Based ‘upon the experimental work at 


1916 Am. Soc. of Municipal Improvements. 
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TANKS 


plants in ‘until 1925 when the Milwaukee and 
plants were placed in operation. lo sto * 
§ ‘The Houston aeration tanks consist of four units at the North Side Plant BG — 
| and two units at the South Side Plant.. Each aeration unit consists of two 

channels, one 18 ft wide and the other 9 ft wide, of a length of 280 ft and a water ae . 3 
, depth over diffuser plates of 9.75 ft. The bottoms of tanks are of the sawtooth | -— ‘ 


4 ia ridge and furrow type with rows. of plates. at 5-ft centers, the individual plates a 


being spaced so as to give a ratio of diffuser- plate a area to tank ar area of 1 to 
ia For several years the plants were operated as the continuous flow, “endless — a ‘ 


channel” type, with a Tatio of i incoming raw sewage to circulating mix aieal ed liquor — 
i. of from one-third to ) two-thirds; however, the North Side Plant has since been i e 
» successful operation of the | pioneer activated sludge sewage treatment § 
_ plants, such as those at Manchester, Houston, and Worcester, along with the Bi : 


extensive experimental work at Chicago, Milwaukee, and | Indianapolis, and 
elsewhere, not only firmly established the activated sludge process, but also 
“a gave a fairly rational basis for the design of seration tanks and the other “9 


The first in the design of aeration tanks is to determine the required 
capacity. _ This capacity depends ‘upon three factors: (1) The quantity of te a a 
3 Sewage to be treated; (2) the percentage of return activated sludge; and (3) the ee “ 4 
Be aeration period or time of detention of the mixed s sewage and activated sludge 
liquor in the aeration tanks. Design data for aeration tanks have necessarily a a 
9 been related to the average daily sewage flow, and the writer has used that | a 
basis in considering the various factors involved. average daily sewage 
is a practical basis of design for works treating the average domestic- 
a 


hourly flows to daily averages may vary considerably without disturbing the 


‘activated sludge Process, due to the capability of the sludge to ‘biologi- 


Other factors being constant, the ‘length of period 


"primarily upon the quality of the sewage to be treated and the degree of treat- ns e 
- ment required. ‘Fig. 1 is a typical curve showing the relationship | betw een the 7 

aeration period and the degree of purification, the latter being measured 2 after 
_ clarification of the mixed liquor. For a particular sewage this curve will vary — ot “= 


with the percentage of return activated sludge, mixed with the sewage, the “4 ee a a 


industrial sewage collected in separate sewer systems. The ratio of maximum 


; ‘character and biological activity of the sludge, the kind and intensity | of oie 


| eration, the time and type of ‘clarification, temperature, and other factors of — 


oh _ During the first stage of the aeration period the impurities in the sewage “a “3 
ate rapidly coagulated and adsorbed by the activated sludge, and the rate of — Sea “i 


| ity of 10 000 000 gal and 
| South Side Plant, with a nominal capacity of 5000 000 gal perday, was placed eae 
% 
= 
f 


After the initial | comm 
- — > ——— has taken place, the purification of 8 sew age, measured in terms of 
bio-chemical oxygen demand, proceeds at the much slower and fairly uniform — 
Ss rate of oxygenation of the mixed liquor. During this second stage the presence qa 
of a large proportion of sludge probably retards the oxygenation of the sewage — 4 
proper because of the relatively greater oxygen requirements of the sludge. 
The oxygenation of the mixed liquor during both stages, and of the sewage — 
i: the second stage, no doubt proceeds in accordance with the law ex- 
a pressed by E. B. Phelps: “The rate of b biochemical oxidation of organic matter — 
—. proportional to the remaining concentration of unoxidized substance, meas- _ 
ured i in terms of oxidizability.”5 2 
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10 20 30 40 50 60 
G. Berween AERATION PERIOD 2.—Retation Betwzen 5-Dar B.0O.D. 
AMD. DEGREE oF iit be, anp (1) AgRratTion Pertop, on (2) 
— For “complete treatment” the minimum aeration period varies with the 
a strength of the sewage. vt To show this relationship the writer has plotted on 
Fig. 2 the aeration period against the 5-day B.O. D. removed for sewages of 


widely differing g strengths—that i is, the weak North Side Chicago sewage, ‘the 


ear. comparativ ely strong Milw: aukee sewage, and the very strong Chicago Pack- i 


during the years included i in the study. The Chicago Packingtown activated — 
sludge experiments were conducted with the idea of obtaining optimum plat ant 


operation characteristics. In each case a high degree of purification was ac- 
slu is not re-aerated at Chicago and Milwaukee, and 
the data used from the Chicago Packingtown experiments cover only those i in 


which the sludge was not re-serated. gj 


5-2 by F. W. Harris, T. Cockburn, and And erson, Pronatings, he Assoc. of Managers of 
Dis: Works, 1926, p. 52 et seg. ur 


= were loaded to ueneeiie and were operated 8 so as to obtain the optimum results ies 3 


Observations on Biological and Physical rand of Activated and the Principles of 
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""“Mohiman, Sewage Works Journal, by E. B. Phelps, Water Supply Paper £89, 
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in 1 Table 1(a) . In Fig. 2 the point plotted for the Chicago North Side Plantisa 7 
practicable minimum of aeration period for a weak sewage. The ‘aeration 
period for Milwaukee (6.3 hr) is the average total aeration time, of 


TABLE L- — CHARACTERISTICS or “CoMPLETE TREATMENT” or SEWAGES OF 


(a) AERATION PEriops Required | PeRceENTAGES OF 


Period 


— 


(percentage of 


wage, 
moval, in parts 

per million 
Aeration 

= 
incoming sewage) 
Solids in return sludge — 
(percentage) 
matter in 


in hours 


Return sludge 
© sludge solids (percen 


se 
Volatile 


(9) 


1.39 | 67.7 
1.19 


Chicago, Ill., North Side 115.8 | 11.3 
Le Milwaukee, Wi 1928-1934 | 270.1 | 13.1 | 257.0 | 95.2 
Ill., Packingtown experi- 


TS) 
an 


| a which 5.44 hr constitutes ‘the ifn ti the sett tanks proper; however, a 


me ‘material part of the difference is accounted for by the time of detention of the 
oa _ mixed liquor in the mixing channels. In the large scale experiments conducted a: 
by the Sanitary District of Chicago with Packingtown sewage in 1916 and 1917, a 
) a period of 9 hr was found to be a practicable minimum m aeration time without — : 


é The second important determination to be made in arriving at the aeration © 4 } 


tank capacity is the percentage of return activated sludge. In the foregoing — 
discussion of minimum aeration periods and, particularly in arriving at the 
ee - geration period curve shown in Fig. 2, it was assumed that the optimum per- 

of sludge was being returned. return of a large 


reese ates pereentages of return sludge seem to “‘rob” the sewage as the further 

_ Oxygenation proceeds . Too small a percentage of return sludge (that is, less 
Es than that required to maintain biological activity) will require re-aeration of ae 3 
Without 1 re-aeration of the sludge it ‘appears, therefore, that the theoretical a 
ov percentage of return sludge is is that percentage which will permit the Ye 

Be required purification in a minimum of time-and, at the same time, maintain an — ‘4S 

of biological activity in the sludge. In general, ‘the 
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drop: 
was the case with the aeration period and in the absence of experiments 
the particular: sewage, the: best guide as to the optimum percentage of 


return sludge is the experience of plant operators, or of experimentation i 


- Plants where the percentage giving the best results has been determined. 


, "centage of ‘return n sludge e found in the practical operation of activated sludge i 
_ plants varies with the strength of the sewage in much the same manner as the — : 
aeration period. ‘The optimum percentage | of ‘Teturn sludge hi has been plotted 


against the 5-day 


ing srengibe for which the aeration periods were plotted against 5-day B.O. D. 

s ‘removed. . The data are such that the two ‘curves may be plotted a as an ‘identical 
curve, as has been done in Fig. 2. The curve showing percentage of return 3 
sludge, in Fig. 2, is plotted from data in Table _, area ‘a 

the curve for percentage of return sludge, shown i in Fig. 2, does 
not take into consideration the percentage of solids in the activated return _ 


sludge, the determination the optimum percentage of return sludge is 


usually related to the parts per million of a maintained i in the mixed sewage Ce 


_ In referring to the operation of the North Side Plant, in Chicago, , treating eB 


ee ae a weak ik sewage with a 5-day B. 0. -D. of 116 ppm, Langdon Pearse, M . Am. Soc. 4 


oy. C. E., , states that it has been found | practical to operate the plant with a emailer f ie 
-_preportion of solids in the mixed liquor than the 3 000 ppm formerly assumed, _ 
and that by operating with approximately 2 000 ppm more flexibility is secured, 
_ with opportunity to store the increase of solids produced by storm flows. Mr ie 
Pearse also found that some saving in air resulted and it was 


"operating: this plant to x ‘maintain a mixed liquor suspended solids content of — ef 
approximately. 3 000 ppm (0.3 of 1%), this solids content within pari 
S working limits having been found to be about optimum for the general ¢ condi- — | 
percentage of volatile matter in the sludge also affects the 


D. M. Am. Soe. C. E., reports that it has bens the custom in 


a of the activated return sludge at least in so far as the rate of absorption of — 


: & oxygen by the sludge is concerned.‘ However, few data are available to the — a =, 


a. Am. Soc. of Munici 


writer as to how this affects the optimum percentage of return sludge. 


Sih bs amend of Original Design Basis for North Side Treatment Works with Present Accepted — 


a “Five Years 


— 
ig = percentage of biologically active return sludge will mean the minimum time — bs 
“complete” purification of the sewage. On the other hand, if this per- 
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of the sludge is when the aeration of the mixed 
liquor is insufficient to maintain either the biological activity or the oxygen a iz 
_ requirements of the sludge, or both. With partial treatment, however, the _ ob 
_ demands on the sludge are so much greater and the required aeration period so et : 
ai much smaller that re-aeration of the sludge is required. — Re-aeration is also 
none with either complete or partial treatment if the aeration period is rs 


_ kept at a minimum and the percentage of return sludge is too small, Te-aeration 


= % being required because of the relatively heavy demands made on the sludge. be! 
‘Even with complete treatment of the sewage, re-aeration of thesludgemay 
economical in in many ¢ cases, in case of x 


ve 


=" Chicago Packingtown 9 ‘ie of aeration without re- 
aeration of the With ‘average & aeration period in the a 


indicated net saving of 20% of tank volume tanks 


se att Evidence as to the economy in tank volume required in the treatment of 
sewage of average strength, because of re-aeration of the sludge, is not so clear. oo 
‘Unless it is possible to conduct: large-scale experiments ¥ with 1 the particular 


sewage being studied, ‘the safe procedure is to design aeration tanks on the < =. 
basis of the minimum volume required without re-aeration, in line with the — ee 


ourve ‘shown in ‘Fig. 2, but to provide sufficient flexibility in the number of 
-geration tanks or channels such that varying periods ¢ of re-aeration may be 


- tried. Return sludge connections can usually be provided so as to use several 


of the a: as re-aeration channels at a relatively small additional cost, 


EPTH OF TANK 

* The use of a depth of 15 ft or, in some cases, a few inches less, for aeration <. 
- tanks is almost universal in the large activated sludge plants in the United | 


States. A number of diffused air plants in Great Britain use depths from 5 ft ‘ = 


x to 10 ft; however, the recently built and comparatively large plant ‘at Man- 
- chester (16 mgd) uses a 15-ft depth. The plants at Houston | have a depth « over ii! 


a the diffuser plates of 9.75 ft. There are also a number of smaller plants in the ae 
- United States using diffuser tubes at relatively shallow depths (5 ft, and = 4 


spa? 


In England t the use of depths shallower than 10 ft can be largely y attributed 


to the fact that many 0 of the activated sludge lants were converted from exis 
age p 


ting works of other types of treatment where the existing tanks were of the 
ay shallower depths. Where the existing tanks were deeper, as at Worcester, 


_ England (17 to 18 ft), and at Reading, I En gland (23.5 ft), the remodeled aera-— 


—— 
and optimum sludge return required without re-aeration of thesludge. Partial — 
— 
q 
weighted average being equivalent to a 6.6-hr period as compared to the j 
period without re-aeration.__ The settling period however had to be increased 4 
im 
— 
@ 
3 
— 
A 
— 
a 
| 
ig 


prevalence of the 15-ft depth in the United States can be attributed 
largely to « experience at Milwaukee and Chicago, where experiments 


activated poser At Milwaukee, the tests of the tanks 10 ft and 15 ft 4 
_ deep were discussed by the late secant P. Eddy, Past- President, Am. Soe, 
ai. prea efficiency of treatment in tanks 10 and 15 ft. in depth, Ei 
was made the subject of careful and prolonged study at the Milwaukee Testing 


_ Station. Tests carried out with the greatest care, under the personal direction F| 3 
~ of William R. Copeland, Affiliate, Am. Soc. C. E., Chief Chemist, showed that, 7 es 


taking all the facts into consideration, it appeared that, for the same quantity 
‘ & of free air per gallon of sewage treated, there was little difference in the work — 
ei by the 10-ft and the 15-ft ‘tanks. _ The 15-ft tanks have produced — 
an effluent of somewhat greater stability, whereas the 10-ft tanks have accom- a 
a slightly greater reduction in suspended matter and bacteria. 
_ depth of tank has an advantage over the other in purification efficiency, it — 
_ “An important consideration i in the selection of depth of tank is the | power 3 St 
_‘Tequired for compressing the air sufficiently to overcome the hydrostatic pres- 
sure of the several depths of sewage under consideration. In the cases of the 
fo and 15-ft. depths, the latter would require 50% more power than the former, 
Be facet: i the effect of friction in pipe lines and porous plates. This saving ‘3 
will generally be offset, partly at least, by the increased cost of the larger area 
of tanks of the lesser depth. At Milwaukee, this is important because of the eis 
- cost of the bulkhead, the sheet steel enclosure, and the pile foundation. An- of 
other important factor there is the limited area available for the treatment * 
a plant, as it is felt that additional area could not be devoted to this purpose, on 


of the requirements for harbor development.” 


Be At Chicago, the sewage t1 treatment works on the Des Plaines River were 
designed for experimental purposes with three aeration tanks of a depth of 10 ft 
ng and one of a depth of 15 ft. The results of the experiments as between the two « 
depths, using the > same volume of air per gallon of sewage, , were summed up 
Mr. S. L. Tolman, of the ‘Sanitary District of Chicago, as follows:* “The 


ae operating data do not indicate any great difference in purification between ot; 


Aside from the economy of construction cost of deep | tanks over shallow 
_ tanks, another consideration is as to whether or not any appreciable oxygenation . 
a accomplished by the air bubbles as they rise through the greater depth of — 
liquor in the deeper tanks. As indicated by the Milwaukee and Chicago 
this additional cueaenenition in the deeper tanks is not material. 3 
This is probably due to two reasons: First, the bubbles rising through the liquid : 
are enveloped i in a surface tension film, including « some colloidal matter (which a 
* film interferes with the passage of oxygen into the liquid at least until the 
bubble breaks the surface of the liquid’*) ; and, second, the oxygen requirement * 
sewage amounts to only a small percentage (not m more than 10) of the 
_ oxygen in the air required for mixing and for eee aerobic conditions. 


* Transactions, Am. Soc. C. E., Vol. LXXXV (1922),p.864. |. 


* The Operation of the Des Plaines op! someee Treatment Works and Small Plants of the Sanitary 
“District of Chicago,’’ Journal, Western of Engrs., Vol. XXXI, No. 7 1926). 
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Re? _ liquor, the raw sewage, the Percentage and quality of activated sludge, the 


in 1 itrogen ani 
— oxygen and carbon dioxide) were used in parallel for agitation of the mixed — > 


; : period being identical for each gas. 4 The air and the inert gas— -nitrogen— gave 


practically the same results os may be judged from Table 2, which gives the Bo a; 7 
results of the experiments." The ‘results of these experiments indicate that a 

large part of the errgeeaton occurs. as the bubbles break the surface of the 


sewage, Run No. 5 Run No. 8 | Runs Nos. 1 to Nos. 1 to 


a The foregoing considerations, particularly the results of the experiments a 


3 for the deeper tank against the lesser fixed charges for the aeration tanks of 


- the greater depth. This problem may be readily analyzed by plotting i 
various costs against the corresponding depths. oft boa 
a bi The economic limit of depth is probably 15 ft to 16 ft, except i in very extreme B) 

eases where the cost of site or of foundations (or of both) i is very high. At = 


for where a 15-ft depth was used, the were 


2 10 ft. Factors that would tend to increase the are, as ‘as follows: 

_ Comparatively weak sewage requiring a small amount of air; (b) cheap power; __ 
be (c) high construction costs; and | (d) costly land for site. The City of Chicago 
P _ is a typical example of a case in which these factors prevail. Asa corollary, — 


- strong sewage; (2) costly power; (3) low construction costs; and @) 4) inexpensive 
_Inan attempt to gain the advantages of tite and the shallow 

_ tank a number of plants have been built in which the air diffusers, usually + 
tg diffusion tubes, were placed above the e mid-depth p point in the tank, in some — 4 a 
cases quite near the surface. In an aeration tank of this type it is essential ‘hed — 
_ Sufficient motion be imparted to the liquor to mix the sludge with the sewage 
and to prevent deposition of solids, a as well as to maintain aerobic conditions ‘. 
1 For a description of the experiments and analyses of oxygen consumed, dissolved oxygen, free 
- ammonia, nitrates, and nitrites, as well as data covering other runs, see Proceedings, Texas Section, Am 


Soe. C. E. Fall Meeting, 1925, pp. 13-36. 


- factors that would tend to decrease the depth are, as follows: (1) Siren ; 2 
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4 has been maintained at less than 1.5, the British plants m maintaining + a ratio. of : 


— ‘approximately 1.0 and less. This was true of both the ridge and furrow and of 


‘ 


the circulating or spiral- flow types of tanks. Inasmuch as the circulating or aa 
_ spiral-flow type of tank has largely superseded the ridge and furrow typedue 
me. to the lesser air requirements of the circulating or spiral-flow type (as will be ae 
a mentioned subsequently), this paper is confined to the latter type. 
‘The new Cleveland Easterly | Plant has a ratio of 1. 8 ((27- ft width by 15-ft 
i depth)" and the new 7 Chicago Southwest Plant has a ratio of 2.1 (32.75-ft 
7 most careful anita available to the writer as to how wide the 4 


2 


= tank can be and still maintain good ‘mixing and a aeration are those made by the — 
ie Sanitary District of Chicago at the North Side Plant. _ The observations were 


= ee “Tn the plant design, the batteries were divided up into 12 water-tight 
_ tanks, each of which was divided by a longitudinal baffle into 2 channels, 420 
ie feet long and 16 ft. 134 inches average width. These channels were pom 
with 2 rows of diffuser plates, running longitudinally. _ However, in the 


is westerly tank, the dividing wall was omitted, giving a separate tank 33 feet 3% 


inches average width. Experiments were carried out with channels 25 feet 


and 33 feet 314 inches width to determine the aeration with three 
rows of diffuser plates. 


length for this channel may be assumed as 4 und 5 cu ft per 


min, a3 Inasmuch as the ust use of air at the North Side Chicago Plant, p per gallon 


b*) tions indicate that a ratio of width to depth of as much as 2 is safe fora a spiral- 
tank diffusion plates — one unless thes sewage is 80 weak as to 


=| at the Chicago North Side 
At the treatment ‘plant in 


Ban Antonio, ‘Tex., the divid- 


wall was omitted between 
aeration channels in order 


“Fra.  Axroxto Ge). to. observe the aeration in 


the channel: Fig. 3 shows a of the wide channel at ‘San Antonio. 


12 Engineering News-Record, Vol.107,p.10385. 
* From Contract Southwest Treatment Works, The Sanitary District of 
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a - per min, or 4.25 cu ft per min per ft of len gth of diffusion 1 plate. system 4 at each oe 


3 of the channel (three | longitudinal 1 rows of plates i in each sen plate 


= The liquor surface i in the wide experimental channel at San henie roveele ae 
= The spiral flows creep from one side to the other of the ce .:er line , 
the tank; this creeping varies constantly and it is not known whether thisis —— 
helpful in the mixing-aeration process, or whether it tends to create dead spots. 


BA Hunter, Assoc. M. Am. Soe. C. E., and W. 8. Stanley, Chief Chankt 


= Superintendent, Sewage T Treatment Plant, San Antonio, Tex., have made 


tests recently 1 with the wide experimental tank as compared with the 20-ft tanks aS : 


With diffuser plates on one side only. The effluent from the wide unit showed | ot 
smaller 5-day B.O.D. (3.3 ppm, as compared with 9.3 ppm); however, the 
um flow through the wide tank had been throttled down so much that there was Ee a 
ri a considerably longer detention time in the wide unit than i in the 20-ft unit used 7 ? ; 


in the comparison. Further tests will be required to determine whether or not * 


2 the results obtained in the experimental double unit are the equal of those re 


med te 
ig 


4 In a letter dated January 6, 1936, Whittemore, M. Soc. C. E., 


Pr. ie states that an experimental aeration tank similar to the one at San Antonio, — 


Be except that it is 68 ft wide, has just been | placed in operation ¢ at the aia 


a Calumet Plant. As at San Antonio, the diffuser plates: are placed along both — 


a 
x “ar “While it is, of course, too early to obtain a any quantitative results or form », .. 
_ any opinions as to the success of this arrangement, I saw the tank in operation 4 a 


the day sewage was put in it. The dividing line where the two currents from e 


the sides of the tank was rather wavy and irregular, but there 


ne _ No t only will the quantitative resul 


‘tee plants be instructive, | but it will also be interesting to know the results 


a - obtained by placing the air diffusers along the center line of the tanks as com- _ 
pared with placing them on each side of the tank. 
These experiments indicate the possibility o of eliminating bafile-walls, or 


at least of cutting them down to small ridges midw ay between rows of plates, 


properly placing the longitudinal rows of systems of plates. the spiral-— 


flow systems can be maintained satisfactorily by the « energy of the air alone, 
_ the only limiting factors as to width would be a ratio of length t to width sulicient 


avoid short circuiting through the tank and a sufficient 1 number of tanks to 
: ed _ Until such experimental works prove otherwise, existing data indicate a a. 
limit of the ratio of width to depth of ‘approsimately 2 to 1 for channels w ‘ith 
diffusion pee on one side. The ratios should be modified to some extent 


m the quantity of air 1 in the case. 
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; The introduction of air in an air diffusion type of activated sludge plant 
al serves two purposes: First, it mixes the sewage with the coagulating-adsorbing 
4 a ‘s activated sludge and maintains the contact between the particles of activated — a 
os sludge and the impurities in the sewage; and, second, it maintains aerobic _ 
_ = conditions for the oxygenation | of the mixed sewage-sludge liquor, or the por 4 
a 2 2 (or both), such that the sludge, o or at least the return sludge, will be in a state e 
: ee 7s equilibrium in so far as its biological activity is concerned. The meeting of — = 
the second condition (the introduction of sufficient air to maintain the activity 
of the sludge) will more than satisfy the first condition as to the mixing of the +4 : 
a with the sewage, except possibly i im the case of partial treatment plants a ‘2 
‘The air required to maintain aerobic aatiibiin in the mixed liquor, or 
sludge (or both), for the required aeration period is approximately ten times =. P 
that required to meet the bio-chemical oxygen demand of the sewage in an sad 
A a efficiently « operated air-diffusion plant. Ey en then, a large part of the oxygen 
E hy ue demand is no doubt met by oxygen from the atmosphere rather than from the — 


diffused air introduced into the sewage, the atmospheric oxygenation okt 
as air bubbles break ‘the: surface of the liquid. The quantity of 


to the bio-chemical oxy gen demand removed ‘af an efficiently ‘operated 
TABLE 3.— AIR REQUIRED PER ParRTS PER MILLION OF Five-Day 


wins fat Jo. | aw’ | | plane | tose por 


plant | feet per | parts per 


sewageleffluent] re- |gallonof| million 


“tion for 5.4 months 42 | 116 | 13 | 103 | 0.39 

61 =| 196 | 15 | 181 | 0.97 | 0.0054 

Indianapolis (fine screens).................. 96 | 287 252 113 | 0.00465 


ae, ‘Table 3 shows the quantity of air required for a number of plants per gallon a. 
of sewage per part per million of bio-chemical oxygen demand removed. a, 4 
_ Table 3 also shows the nature of the preliminary treatment. Referring eae 


‘Table 3, the air used by the Milwaukee “ridge am and 
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flow” figure. mor) os b add totteder of 
- During the last twenty-four months of the Indianapolis record the plant — 
| _swas operated largely as a straight aeration plant rather than as an activated a ; 7 
‘| dudge plant. During this period (1933 and 1934) the plant reduction in parts 
if per million of 5- day B.0O.D. was from 256 to 94, making an over-all plant 7 van 
- moval of 162 ppm, , With a use of air of 0.64 cu ft per gal of f sewage tr treated. Bi: : “aa 
by The » quantity of free air required per part of bio-chemical oxygen demand — ane 
Temoved over-all by a “‘complete treatment” air-diffusion plant seems to be 
“largely ‘unaffected by, and independent of, the aeration period, the percentage i” 
of return sludge, ‘re-aeration of sludge, preliminary treatment by screens, 
or settling, or by depth of aeration tank. _ This assumes efficient plant opera- ae 
tion and sufficient final clarification. — The arrangement of the diffuser = 


‘at the bottom of the aeration tanks, however, has a decided effect on the air 


af required to maintain aerobic conditions in the mixed liquor. It has been — 
demonstrated at a number of plants, particularly in ‘experimental and full- 
units at Manchester, Chicago, and Indianapolis, that the “spiral- 


ide of the 
channels requires less air to accomplish the eame results than does the 
“ridge and furrow” type of aeration t tank with the rows of diffuser plates 
_ cross-wise of the channels. _ The air saved by the ‘ ‘spiral- flow” ‘type of a 1 
over the “ridge and furrow” type approximates 25 per cent. ae growin” os 
is to be noted from Table 3 that the omission of 
not adversely affect the quantity y of air required per part per million of 
_ §day B.O.D. removed by the plant as a whole. This is due no doubt to the . 
fact that any solids removed by the preliminary treatment would settle out “a = 
in any case in the final clarifiers and to the further fact that those solids are cot 
such a nature that they will absorb a negligible quantity only, of oxygen as 
_ The fact that Table 3 shows such uniform results with respect to a 
_ quantity of air required per part per million of 5-day B.0.D. removed by the 
~ over-all plant, in spite of the fact that a large percentage (30 to 40% in some 
cases) of the 5-day B.O.D. had been removed i in the preliminary settling tanks 
in some of the plants, is attributable to the fact that the ratio to 5-day B.O.D. b' 
suspended s solids (and 5-day B.O. D. associated with t those solids) is approxi- 
a mately. the same for each of the plants for yr which ‘comparable data were avail- 
2 able. It is questionable whether the air consumption per part per million of | 
3 bio-chemical oxygen demand removed, indicated in Table 3, would hold good a 
~ a strong industrial waste with a relatively small volume of settleable solids. Re: 


tema, Sewage Aeration by Diffused Air," by Frank C. Roe, Sewage Works Journal, Vol. V, No. 5 or 


| furrow” type of aeration tanks (1.53 cu ft per gal) has been reduced by 25% £ ae a 
| (1.15) to obtain the comparison with the “spiral-flow” tanks used inthe table, = 4 gone 
One-half the aeration tanks used in the Chicago Packingtown experiments were 
sof the “ridge and furrow” type and air used in the experiments (3.5cuftpergal) 
3 
= 
— 
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tion. een | advisable from the standpoint 0 of sludge 
ce ‘disposal to settle ae a considerable part of the solids in the preliminary tanks — 4 
so as to obtain the higher concentration of solids (approximately 5%, or more) 
obtainable in the preliminary tanks as compared with the concentration 4 
a obtainable i in the final clarifiers. (1% +). However, there i is some question — 5 
as to whether the over-all concentration of solids from both the preliminary 
and: the final tanks is any greater with the use of preliminary settling tanks, q 
Ina “report to the Board of Review, Public Works Administration, for the 
Plant, Mr. Pearse stated,® as follows, with reference to pre- 


= “Tn the original design, a preliminary settling ‘pediog’ of 30 minutes ¢ on 
m.g.d. was thought advantageous to reduce the settling solids and 
@ i. use of air, based on experience at Calumet. Operating results for 18 — 
%, _ ‘months have indicated, however, on the North Side Plant, that the preliminary — 
tanks are not necessary from the sewage treatment as there is 


rom the data therefore, it seems ‘eafe in ‘the of 
ee for “complete treatment” plants (without paddle-wheels or other me- 


hie chanical aids to aeration), treating sewage without any unusual trade wastes, — 


e. to to provide 0.005 cu ft of free air per gal of sewage (average flow) per ppm of . 


5-day B.O.D. to be removed from the raw sewage by the over-all plant. ae Sufi- 
cient flexibility should be provided in the number and capacity of air com- * 
i pressors to permit a reduction to 0.004 cu ft (or even lower) of free air, should 
the actual operation of the plant permit of this minimum usage of air, = 
Considered entirely as an ‘agitation device, a modern air-diffusion type of 
5 x plant has an efficiency from “wire to sewage” of between 60% and 70%, de 
= pending to some extent upon the size and type of air compressors used. ma 
_ other words, the work done on the sewage after taking care of all motor, 
compressor, -air- piping, and diffuser-plate losses, ‘approximates 60% to 70% 

Th of the energy delivered to the motor in a modern plant. (See operating date ig 
a for Chicago North Side Plant and San Antonio.) Although these efficiencies — 
were computed | for plants using electrical power, plants using turbine-driven 3 


compressors show approximately the same efficiencies for the corresponding 


ity 


hen However, the function of an aeration tank is abn agitation, i in ‘itself, but Br 
the ‘maintenance of contact between the activated sludge and the sewage, 
under aerobic conditions. One form of agitation with air diffusion may be 
a much more effective than another form, as is shown by the improvement of 4 


‘ Ragin. promise of further improvement by utilizing a combination of air-diffusion 
4 agitation with mechanical agitation, | such as the combination being utilized 


_ the “spiral-flow” form of aeration over the “ridge , and furrow” type. fn 


; fc. by Karl Imhoff, M. Am. Soe. C. E., at the e sewage treatment plant in Essen- 
 Rellinghausen, ‘Germany; in which a submerged paddle mechanism revolves, 
an & the length | of he channel in a direction 


— 

— | 

— | 

no need of their use as skimming tanks for floating material. However, in 

2 a a the dewatering of the sludge the mixture of some fresh sludge with the activated a 

ae oe a _ sludge appears to aid in obtaining a higher rate of solid cake per square foot — * 
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opposite to the the ge located 


needed, but that with paddles i in operation 0.16 cu ft. of air per gal and 8.4 
mgd were found to suffice.” Mr. F. W. Mohlman and Charles E. Ww heeler, 

\ 


he oy Azration Tanx Equirrep wira Am Dirrvsers anp ‘ 
Jr, Assoc. M. Am. Soe. C. E., of the Sanitary District of Chicago , Teported a 
results obtained on scale experiments” (1 500 000 gal per 
j 4 combination air-diffusion and paddle-wheel agitation. They found that at 
i would require 0. 80 cu ft of air per gal, with air alone, and a 5-hr aeration j 
a - period to produce an effluent comparable with that produced by the paddle- 


__-wheel plus air, with 0.20 cu ft of air per gal of sewage and a 5-hr period. — The 
ee? paddles required 6. 7 hp and the air 6. 4 hp, giving : a total of 13. 1 ‘hp per million 


$ gallons. With air alone a 
requirement would be 26 hp pet million gallons: 16, 


fi, , General Layout.—The laying out of the aeration tanks i. is entirely a i a 


any one which may Class (2), are: (a2) Incoming 
main n entering one side of plant site, with the effluent outfall out of plant olla se 
Ba dens on opposite side; (b) re-aeration of return sludge, thus — 

_ Teturn to the opposite side of the aeration tank battery through aeration — 

BE - Conditions, any one of which may favor Class (1), are: (d) Plant tie : 
poo “pipe gallery”; (e) incoming sewage main and effluent outfall | 


4“ The Activated Sludge Process,” by A. J. Martin, Macdonald and Evans, Lond., 1927, p. 252. 


: Activated Sludge Experiments at Sewage Treatment Works,” by F. W. Mohlman 
and C. E. Jr., Am. Sewage Journal, Vol. Hi, ‘No. 4 4 (October, 


— 
— 
a 
fa jon type can be divided in general into two cla: — 
Plants of the air-diffusion type can Js in each aeration tank 
| a ‘Those with an even number of same end of each tank battery 
inlet and outlet are a ach battery. _ 
arranged so that ithe with an odd number of channels in e 
Be. 
. 
— 
— 


entering and leaving the side of the plant site; and (f) sludge return by ~~ 


‘The aeration tanks should be divided into a sufficient number of batteries a qi 
with pressure-bearing division walls between batteries to provide flexibility of . 
operation and also to provide for the repair of diffuser plates, plate containers, 
we etc.; a should also be arranged so that the longitudinal "Che 4 


in order to reduce the total number and cost of inlets and outlets. & Baffle-walls — 
= een pene are usually | non-pressure bearing, and | division walls | between 


a ‘the two sides of the non- stnaatiaadinn division wall, ‘at equal rates, — 
The openings for the passage of mixed liquor from one channel to another in the 
same battery should be large enough to avoid any appreciable head losses and 
_ should be at the bottom of the baffle-wall. The openings between channels in — 


the new Southwest Sewage Treatment Works, at Chieago, “ee 

As previously stated, provision for reserving a part. of the channels as sludge 
tanks can usually be made at a relatively small additional cost. 


_ This seems advisable in the case of strong sewages particularly i in the ahem of fe 
_ experimental plant data with the particular | sewage to be treated. Aeration i 
channels for mixing the return sludge with the sewage, influent channels into 
the different batteries, and effluent channels fr from the different bi batteries can 

‘often be made of substantially the same dimensions as the channels in the i 
aeration tank batteries proper, usually at some saving in over-all plant cost — 


and at no ) sacrifice i in operating ¢ costs. ee 
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channels have already been discussed. Since the of the fact 


1%" 


(a) DALLAS, TEXAS, PLANT (DESIGN) ‘@omenan SOUTHWEST 
ia. 5.—TypicaL Secrion Suowmna Arr PIPING AND DEFLECTORS 
that the opieal- flow type of tank or channel, with the diffusion plates along 
one side of the channel, saves cons considerable air over the e ridge and furrow typeol — 


= aeration channel with plates across the channel (see heading es ‘Qual ntity of Air”), 
practically all new plants | utilized the spiral- type of uf a 


— 
= 
— 
— 
— 
Wise, the number ol! Datteries of aeration channels should be Kept at a minimum 
a, ee = of batteries with pressure-bearing division walls between each group to provide § 
flexibility of operation. In case division walls are made non-pressure bearing, 
— 
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be attained i in this type is to maintain the spiral flow with a minimum 
of dead spaces, eddying, and friction losses. As a result of considerable experi- 

fo corner deflectors at an angle of approximately 45° with the vertical _ 

gre generally used. Fig. 5 shows two typical examples of channel cross-sections 

‘Diffuser Plates —Tank dimensions, aeration period, percentage of return 

q -gludge, and quantity of air per per gallon of sewage having been determined, the — 
area of diffuser plates required is, within certain limits, a matter of economic — 

’ - balance between the cost of diffuser-plate installation and the cost of compres- — 

% sing air to take care of the pressure loss through the plates, the | greater the 
number of plates the less the pressure loss. The practicable range of air quan- 
tity per square foot of plate seems to lie between 1 and 4 cu ft per min, operating — 

difficulties being encountered outside these limits. As indicated by the experi- 
ence of the Chicago North Side and San Antonio Plants, 4 to 6 cu ft of air per 
min per ft of channel will induce a circulatory flow motion in channels 15 ~- 
deep and 33 to 40 ft wide, sufficient to prevent deposition of solids from | oa 
tree mixed liquor (see heading “Aeration Tank Widths”), 
& _ The size of air bubbles is important. Mr. Lockett reached the conclusion, — 
as a result of some experiments with Manchester sewage, , that diffused air is 
approximately three times as effective as air applied in the form of large bubbles 
- such as obtain with plain tube aeration.'? It was thought formerly that the | 
- size of bubble from diffuser plates varied inversely a as the permeability of the 

diffuser plate, permeability being defined as that quantity of dry free air, a 

_ cubic feet per minute, which will pass through 1 sq ft of dry plate at 70° F, and - 


Bom in. of of mercury absolute, under a pressure equivalent to 2 in. of inten, _ For 
an this reason plates of a relatively low permeability (10,to 25) and with ‘relatively — 

; high frictional resistance (8 to 12 in. of water with 2 cu ft per min per sq ft of — 
wet plate) were used. It has: been found, however, that permeabilities of 
between 30 and 40 and even as much as 50 are ‘satisfactory, and that there is” 
little difference in the size of bubbles diffused from plates of 15 pemeny 


_ and those diffused from plates of 60 permeability. Mr Arnold J. Beck, of 
the Sanitary District of Chicago, has found that the ave average bubble diameter 
diffused from forty permeability plates under normal operating conditions is 

0.0813 in., having volume of 0.00028 cu in.'* The plates: of the higher 
_ permeability not only y have lower frictional resistances (4-t i in. of w water), but 4 
also do not clog as readily as the plates of lower permeability. bir 
Plate dimensions have been standardized at 12 in. by 12 in., , with thick- ae 
nesses from 1 to 1.5 in.; ; however, it is understood that plates 18 i in. ‘square are _— 
being considered for large installations. [heute dog aned 
vin diffuser plates may be set in concrete or in metal plate containers, _ 
_ or they may be set directly into concrete air channels in the bottom of the 
&., aeration tanks. © Plate containers holding as many as eight to ten individual 
-, plates are in common use. _ Whether plate containers are used, or whether the — 
4 plates are set directly into channels formed at the bottom of the tanks, the 


Activated Sludge Process: Aeration and Circulation,” by Willem.’ T. Lockett, Proceedings, Assoc. 
of — of Sewage Disposal Works, 1925, p. 94. 


Pa presented before the Eighth Annual of Central States Sewage Works Assoc., 
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bottoms of the aeration should fiat 
crete channels built up in the bottoms of the Plate containers are 
Sk - favored on large installations; however, with careful workmanship i in the form- 

< ing and pouring of concrete plate channels, plates may be en set me 


ened: 4 is the generally accepted jointing material: how- 
ever, the plates cannot be -Teadily removed where a cement grout | is use used 
Thea use of rubber gaskets and wedges with clamps for holding the plates in in 
_ place offers possibilities in the direction of a jointing material which will allow 
‘ _ easy removal of the plates. _ Rubber gaskets should be corrugated so as sto 
obtain a air seal which is not obtainable with a plain rubber gasket. 
special rubber has been developed for use in sewage. __ 
have the advantages of being easy to remove and clean without 
is i‘ the aeration tank and of utilizing the economy of deep tank construction and, ~ 
7 ‘é at the same time, of being placed at relatively shallow depths, thereby making 
= 
a saving in the cost of air compression. The disadvantages of diffuser tubes - 
Z are the higher cost than the cost of plates for a given air capacity and the mi 
_ unevenness of air dispersion due to the fact that ‘the: air tends to escape through bie 


The air used in diffuser p plates or tubes should be filtered so as to remove any 
Fe. foreign matter that would tend to clog the diffusers; air compressors, air piping, - 
and plate containers should be of materials and construction such as not to 

_ permit oil, rust, or flaking from metal to get into the airstream. = 
‘to, Air Piping.—The main object to be attained in the design of air pipingisa _ 
uniformity of air pressure over the entire aeration tank with due regard to at 
—— balance between installation and compression costs. In general, this 
will mean over-sized pipe rather than the economic size of pipe couple. 
ie - strictly i in accordance with the air-flow formula.!® Losses in heads in valves are or 
a) _ conveniently computed on the basis of the additional length of straight pipe she 
to give an equivalent loss (see tables in compressed air handbooks). Although 
awe are almost universally placed on the feeder pipes to a group of diffuser 
plates, these valves should not be depended upon for close regulation of air 


a 
pressure. Standard angle-valves ai are usually all that are required for feeder 


q 


pipes to each plate container, or group of containers, although needle-valves — 


= 


with laterals through the baffie-walls or the division walls; 
 howev er, the mains are carried on top of the V-shaped baffle or division mains 


“with each main serving two channels. The two methods are illustrated in 


Fig. 5. The question as to which system to use is largely a matter of costin 


__ 1% For a comparison of various ae see ‘‘ Air-Pressure Losses in Piping of Activated-Sludge Plants, ; 


| 
3 
— 
a 
| 
a afi Plate containers have usually been of pre-cast concrete sometimes with 
non-rusting metal edges next to the plates, or with metal supports between 
it 
3 
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et the soil friction. In so far as possible the air piping should be designed and — 

_ housed so as to conserve the heat in the air, inasmuch as the volume of the 

. - delivered to the plates and the work done by it merely as & mixing agent ie 

- directly proportional to the absolute temperature of the air. _ Where the plate © 
 gontainers are poured in place on the bottom of the tanks and where the air 

r: “channel beneath the plates is continuous and sufficiently large, the number of _ 7 
air-pipe laterals (down pipes) may be considerably reduced, or even eliminated 
iby making connections at each end of the air channel beneath the plates. The 
use of a continuous air channel also assists in the drainage of the air channels °s 

_ beneath the plates. — Where a continuous channel is used the plates should i Re 
distributed uniformly along the channel with reference to permeability. 

» dat Piping may be of cast iron, galvanized i iron, or steel, galvanized i iron being — 
preferred for small sizes (4 in., or less), cast iron for intermediate sizes (6 in. a 

i * 36 i in.), and steel for larger sizes, although this i is & matter of wide variation. x 


“much as 200° F, ample e expansion joints ‘should be ‘provided. In general, 
me spigot joints on cast-iron pipe and flexible couplings on steel pipe 


will provide for contraction and expansion. 


Method of Returning Sludge .—The sludge be returned uniformly 
Boot the clarifiers (that is, the same percentage should be returned) to each 7 
aeration ti tank battery. This may be obtained: (1) By mixing all the return 
sludge and raw sewage ‘for the entire plant i in a mixing g channel before the ; 
mixed liquor goes into the aeration batteries; (2) by dividing the plant into 
_ anumber of units which will ‘ill accomplish the same result as under Method (1); 
i or (3) by measuring or proportioning devices: which will insure the » correct aal 
scam of sewage and sludge being drawn into each aeration battery f from a p 
common sewage-feed channel and a commop return-sludge channel. 
of the early activated sludge plants (Manchester, Hous- 
“ and others) have air-lifts for returning sludge; however, most of the large 
- plants built in the United States ‘since the Houston plant I have been equipped 
with centrifugal p pumps for returning sludge. The personnel at the Chicago 
_ Sanitary District has obtained, by experimentation, a sufficiently efficient 
-air-lift to meet its particular needs at the new Southwest Sewage Treatment 
| Works and has incorporated sludge return air-lifts in the plans for the South- 
= west Treatment Plant. _ Again, this i is a matter of cost, although the air-lifts -_ 
doubt accomplish some aeration. Although pumps have some advantage 
over air-lifts in the matter of efficiency, i in a large plant, the cost of, and the 
head losses in, the piping or channels (or both), used in getting the sludge io 
: on the clarifiers to the pumps : and back to the aeration tanks, may more than 


the efficiency advantage of the pumps. Ina large plant the air-lifts 
_ may be placed between one or more aeration tank batteries and the clarifiers J 
serving them so as to obtain a maximum of simplicity in sludge-return a 

Yes Measuring Devices. ._—However small or large the plant, the aeration tanks 
he appurtenances should be equipped with devices for measuring sewage 


flow, power, air, return and excess: eign, of air, ‘Sewage, and 
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atmosphere, and air pressures. If the plant consists of more than one 
tank battery, either measuring or proportioning devices should be provided 
7 for assuring an equable flow of sewage, return sludge, and air to each — es 
tank. Measuring devices of the V enturi tube type have proved satisfactory zig 
for sewage, ‘Teturn s sludge, and air. In many plants the return sludge is mixed _ 


with the raw sewage before subdividing the flow of mixed liquor into 
a 


‘individual aeration tank batteries, adjustable weirs being used either at the 
inlet or at the outlet | of the aeration tanks to secure an equal distribution to e : 
different tanks. Air-valves alone are usually ‘depended upon to securean 
- The curve shown as Fig. 2 is offered as an attempt to arrive at a practical — . 
to be used in approximating the detention period and percentage of 
-- return sludge to be provided for in the design of aeration tanks. It is ques 
_ tionable whether the curve is applicable to activated sludge plants treating — 
certain trade wastes with unusually high ratios of bio-chemical oxygen demand 
to suspended solids. The plant-operating data from which the curve was 
plotted indicate that the detention period and percentage of return sludge 
and, consequently, the capacity | of the aeration 1 tanks, should be largely e 
ae portional to the strength of the sewage to be treated. In the writer’s opinioa, = 
_ this is in accordance with the theoretical considerations sinvolved. = ey 
7 Sas Once the capacity of the aeration tanks is determined, details of the tank — 
“a design are largely a matter of the economic balancing of costs. _ Improvements — 
n the of accessories are being made continuously. 


‘ae Information to support the views offered in this paper was secured tréih 
‘various: sourees, for the most part, as footnote references. However, 
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a the author nets the almost general entering nto of the 15-ft depth i in the United 

* States, but apparently is not convinced that this standardization is justified. 

7 The apparent: inadequacy of data on the optimum depth of aeration tanks 
prompted the writer to undertake a rather extensive theoretical investigation i" 
of the question, the results of which were presented” in 1934. This theoretical — 

investigation did not lead to any conclusive results. "However, it is believed 
that a logical approach to the question was made and that some of the possi- — 

pilities and limitations were evaluated approximately. 

P The method of approach was to set up three: different theories of the possible 

gelation between depth and air requirements, derive the necessary equations — 
for each, assume basic operating conditions, and | compute for each theory the . 
relative air requirements for various depths. 

. The linear. velocity | theory is based on the assumption that for a given | ; 

- sewage, a certain minimum quantity of air (considerably less than present use) _ 

is is required for | for oxidation, but that rigrger ai is required to maintain a 
certain 1 degree of agitation or velocity 

may be measured by the velocity of From this 
it would follow that the air required (within practical limits) is determined 
' by the power that must be imparted to the “Sewage, in order to maintain a 

a: - given, velocity of circulation of the liquid in the tank. It can be demonstrated » 


ts a on this basis the power-depth relation i is a simple hyperbolic function of Z 


form: er unit volume = qepth q 
relative velocity theory, like the linear velocity theory, is ‘based 
ie the assumption that for a given sewage a certain minimum quantity « of air i 


_ required for oxidation, but that additional air is required to maintain a certain 
degree of agitation or velocity of circulation. However, for this relative 
_ Velocity theory, it is assumed that the necessary degree of agitation is is measured i 7 
ee 2 by a a velocity related to the tank depth. The relative velocity is assumed to ve 
be that which would give an equivalent hydraulic effect (the relation used - 
- comparing hydraulic models), which is V = Vv depth Vv. . It can be demon- 
. strated that to maintain this relative velocity, the power per r unit of volume 
heglecting distribution losses, remains the same for any depth, 
hi. the contact theory the effectiveness of aeration may | be measured - B 
‘ 4 the area and time of contact between the air and the liquid i in the tank. Fur | 
thermore, to obtain the same results from tanks of various depths, the unit of 7 
4 air contact area per unit of liquid v volume must t be kept the same. The air -: 


= would be both that with the air bubbles and that with the atmosphere. _ 


__. %“ The Economical Depth of Aeration Tanks of the Diffused Air Type for the Acti- 
vated Sludge Process of Sewage Treatment,” by Norval E. Anderson. (Thesis presented in 
| yw fulfillment of the requirements for the Professional Degree of Civil Engineer in the 
% Graduate School of the Univ. of Illinois, 1934.) er 


‘ Py *Engr. of Treatment Plant Design, The San. Dist. of Chicago, Chicago, Il ts” 
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‘Air forins bubblés of approximately same size (about 0.01 ft) soon 
_ after emerging from the diffusers; and they remain this average size throughout 
* ac) The upward velocity of air | bubbies relative to the liquid i is approxi- 


ga 


_ (3) The average velocity of ‘circulation of the liquid i in the | path of travel %y 


in a 15- -ft tank using 0. 40 cu ft of air per gal of sewage, is approximately 1.7 ft _ 7 


me) ee The length of travel of air bubbles in the tank is approximately Me 
the depth of water over the diffusers; and, 


7 ba (5) The atmospheric surfaces and the bubble surfaces are equally effective 


pe unit of area, except as modified by Henry’slaw. 


Assumption (5), although apparently contrary to the results of Mr. Freese’s 
experiments, is supported by the experimental results of A. S. Parsons and 
Wilson”; G. J. Fowler and 8S. N. Chatterjee*; W. E. Adeney and H. 
Becker™; 5 and H. G. Becker. OW. K. Lewis and W. G. W hitman” conclude 
that “gas bubbles * are adapted to the absorption of 
Operating data as a basis for computing the comparisons are 
taken from approximate actual conditions at the North Side Treatment Works 
Nese of The Sanitary District of Chicago, Chicago, Ill., representing rather efficient 
an with a weak sewage. These assumptions are: Aeration tanks re 
[a the circulating or spiral flow type; the water depth of the tank over the — 
_ diffusers is 15 ft; the air used was 0.40 cu ft of free air per gal of sewage; the im 
ad $ air distribution pressure loss was 1.30 lb per sq in.; the blower efficiency was 
ss: 65% over-all; the average aeration punted of sewage was 5 hr; and the average 
sludge return was 20% of raw sewage. It is further assumed. that, for 
depth of tank the width may be approximately twice the depth. 
_ The comparative air and power requirements for tanks of various depths, — 
os pelea in accordance with the foregoing theories and | assumptions, are given 
ae ‘The : almost total lack of direct experimental evidence makes any discussion — 
a of the relative merits of the different theories unconvincing. However, there ’ 
some indirect evidence which seems pertinent. _ 


sy ss 2“ "The Solution of Oxygen in Sewage,” by A. S. Parsons and H. | Wilson, The on 
veyor, London, November 18, 1927, Vol. LXXII, No. 1896, pp. 490-494. 
ee a 23 “ Note on the Aeration of Water,” by Gilbert J. Fowler and S. N. Chatterjee, The 
Surveyor, London, August 12, 1927, Vol. No. 1866, p. 180... 
a _-«-’%*“ "The Determination of the Rate of Solution of Atmospheric Nitrogen and owe 
by Water,” by W. E. and G. Becker, Philosophical Magazine, Series 6, April, : 

1920, Vol. 39, pp. 385-404. 

Absorption Symposium : Principles. of Gas Absorption, by W. K. and W. 

W hitman; “Mechanism of Absorption of Moderately Soluble Gases in Water,” by H. E: 
Becker; and “Effect of Gas Velocity and Temperature on Rate of Absorption,” al Lh a 
‘Haslam, R. L. ag gl and R. H. Keen, Industrial and Engineering Chemistry, Decem 
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Consideration of the factors involved i in the aiesaliiis for the content 

- theory indicate that if they were applied to aeration tanks of the ridge and 

furrow type, the results would show a greater air economy than for tanks of ee 
z the « circulating type, since the bubbles would be retained longer in the tank, — 

due to the absence of the circulating velocity, whereas the surface = 

would be the same. Operating experience has demonstrated the opposite. ag fe 
- This points to the predominating influence of mixing or stirring the liquid. __ es 
importance of stirring is emphasized in the Absorption Symposium,?5 
“previously cited, in which Messrs. Lewis and Whitman call attention to the 


- remarkable agreement between the results of Becker and others as to the effect 


TABLE 4— —CoMPARATIVE AIR AND PowER 


EET PER GALLON ALLONS PER VAY id i: 
over diffusers, 
fect | Linear | Relative | | Linear | Relative | 


theory theory theory | — theory 


= 


a. 


ee 


of stirring on the rate of absorption, and find that this rate increases a: sthe 

0.8 power of the rate of stirring. — Further evidence to the same effect is offered 

by the experiments of The Sanitary District of Chicago and by Karl Imhoff, — =. 

M. Am. Soc. C. E » at Essen- Rellinghausen, Germany, with submerged paddle- aa B 

wheels to maintain ‘circulation, thereby reducing the quantity of diffused air r 

the two velocity theories, the relative seems much 
e more reasonable since it gives a measure of the stirring in relation to the _ a3 

_ mass of the liquid. | Furthermore, any such pronounced change in air require- 

_ ments with change in depth, as indicated by the linear velocity ‘theory, would | 
probably have been noticed before, even with the limited soy or 

Epes referring to the Absorption Symposia, = it is found that the rate 

of absorption is dependent upon the area of interface in relation to the volume a 

of liquid, as well as upon the rate of stirring. Since the relative impor- a = 

tance of these factors in an aeration tank is is not known, it is possible that the =< 

true power-depth relation lies between the contact theory ar and the — 

velocity “theory, although the latter probably predominates, especially for 


ce Ih view of the foregoing comment it appears that there probably is noe at 
much ‘difference i in power requirements per million gallons per day of sewage _ 

{ore over a practical range of depths, and that more consideration may be 

given to relative | e construction costs as affected by any particular site. If the “on 

is accepted, it would modify the author’s conclusions regarding depth 
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; 

a at (see text following Table 2) in two respects: (1) It is not certain that ther: a 
ig an increase in the cost of power with increased depth; an nd (2) the economical 
a depth may be considerably more than 15 ft under less than extreme a 


Gaverr,* Assoc. M. C. E. (by letter).—The larger 

ee sewage treatment works generally have better facilities for research and = 

eee vestigation of plant problems than the smaller works although all experinee 


ake the same difficulties. _ No doubt a large : fund of valuable information has been 
- accumulated at various plants that has not been published. Mr. Freese has a 

done a useful ‘service i in presenting and interpreting da from some of 


Bm - Table 1 and Fig. 2 are interesting in indicating the caiinas aeration time 


chemical oxygen demand (B. O.D. The direct’ ‘relationship “between 
optimum aeration time and percentage of sludge seemed surprising at first % 


. The fact that 5-hr aeration time required 20% return s sludge whereas 

8-hr aeration time is ‘definitely coupled with 50% sludge, appeared to contradict 
“the opinion of Mr. F. W. Harris and his collaborators *’ that percentage eludge 
times aeration time is a constant for any given sewage. When it is realized 
that the values in in Fig. 2 are minima a for complete treatment ts Th =n 


2 may be expressed approximately i in.the 


S=15 + 0.0625 (B.0.] cage 


in which T eeration time, in hours; S = percentage return sludge; an and, 
B.O.D. = 5-day bio-chemical oxygen demand, in parts per million. Mr. Harris — 3 


ae expressed | the relationship between time and percentage. of sludge as: a ik 


in which C is a factor for a given en strength of sew wage. ._ The peree percentage of sludge ri 


return sindge as used in Fig. 2. 
Seeks, Assuming that C is a a function of the B.O. D., ay values i in Fig. 2 indicate 
= a that S T = 0.7 B.O.D. to 0.8 B.O.D., except for low values of bio-chemieal 
oxygen demand. Fora sewage with a bio-chemical oxygen demand of, say, 
eS, = 400 ppm, Fig. 2 indicates the minimum time of aeration as 7. 0 hr and the mine 
mum percentage of returned sludge as 40. If, however, S 7 = 0.7 B.O.D. with 
San. and Hydr. Bngr., Clyde Potts, New York, N.Y.  ... 
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same 400 B.O.D. sewage, good results should be with 10 

 geration and 28% returned sludge or 6 hr aeration time and 47% sludge, al- 

though the need of re- Te-aeration of sludge would be expected with an aeration 

tee of less than 7 hr as shown by Fig. 2. A more more general and useful expression 

oe be obtained if the percentage of sludge were expressed (as done by Mr. | 
Harris) as the percentage of sludge in mixed liquor after 1 hr of settling, or 

d sseter as parts per ‘million of suspended solids i in the aeration tank. As the 

 guthor states (see heading, “Aeration Tank Capacity”), “the percentage of de ; 

am sludge, shown in Fig. 2, does not take _ consideration the ee 


of solids in the activated return sli 
4 variation in the concentration of solids in return int carried at various plants, 
tlationships based on percentage 1 return wie be misleading unless based on 
_ Experience at five plants confirms the author’s statement of the advantages 
a diffuser tubes. The writer questions the “unevenness of air dispersion due to 
- the fact that the air tends to escape through the top of the tube” (see “Aeration — 
‘Tank Details: Diffuser Plates”). A photograph of air diffusion from a tube > 
_ which appeared in a trade publication showed most of the air escaping from the 
top of the tube, but the tube had little water overit. Whenatubeissubmerged _ 
- 6ft in water, the effective pressure on the top of the tube equals 6 plus tube | 
- friction and on the bottom of the tube, 6 ft 3 in. plus tube friction. The differ- 
_ ence is slight and should not cause great difference in air diffusion. They writer 
: believes a further advantage ge of tubes is the efficient distribution of air r through | 
- the tank contents. Experiments at Morristown, N. J., showed that with tubes 
if ft above the bottom in a ‘10-ft depth of sewage, best results ts were obtained 


:| when the tube was located aw: ay from the adjacent wall a distance equal to one- 


tenth the width of the tank. When near the wall much of the air appeared to 

escape along the wall without doing its share of useful work. _ When Placed too 
_ far away from the wall the circulating velocity ¢ of the tank decreased. At the 

4 best location the air appeared to be well distributed through the sewage. : 
As with plates, a higher permeability was found advisable for tubes. At : 
Mineola, N. Y., in 1928, and for Rockville Centre, N. Y., in 1929, tubes’ s were 4 

16. Flushing by water was found useful in keeping tubes clean at Rock- 

< ville Centre. _Mr. Paul Molitor, Sr., cleaned tubes by a 40% nitric acid bath 


_ specified with a permeability equivalent to a plate 1 ft sq with permeability of : : 
q 


heating at Chatham, N. Tubes at Bernardsville, N. J., were specified 
to pass 50 to 60 cu ft per min ender 2-in. water pressure when ary, or approx- 
i imately "equivalent to 25 to 30 permeability for a 1-sq ft plate. At this pla nt 
_ only one-half the available aeration tanks are in use, so that tubes are changed i. 
once a year and allowed to rest ev ery other year. No cleaning has been neces- 
«sary since the plant was placed in operation in October, 1933. Perforated cop- 
per pipes installed at Morristown were replaced by diffuser tubes. _ The writer 
believes that the possibilities of perforated pipe have not been sufficiently i in- 


Vestigated. . When holes are perforated in the bottom of pipes which are placed 


_ shove the bottom, the velocity of the rotating sewage has a sweeping effect _ 
that disperses the air bubbles effectively. — 


y * Proceedings, New Jersey Sewage w ects ae , 1982, 
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problem. The difficulty of between the various possible theories 
combination of theories emphasizes the desirability an and need of parallel experi-_ 
ments with aeration tanks of different depths, such as 5, 10, 15, and 20 ft. 
‘The results of such experiments, taken together with the possible theories 
outlined in the discussion, should provide a rational basis for determining the 
_ depth of aeration tanks. In the meantime, the data available tend to limit a 
‘designer t to a 15-ft depth of tank. * *oylale. oi 
 Anexperimental determination of the weight to be given to “linear v velocity, £ Z 
“relative velocity,” “contact,” and any other factor or factors affecting aera-— 
teas would be useful not only i in determining depth, but i in determining whether 
the air-diffusion type, the “ ‘mechanical” type, or a combination of the two, is 
the most economical method of aeration. ja 
Mr. Gavett calls attention to the fact that Mr. F. W. . Harris and his cole 
-laborators found* 27 that ‘ ‘percentage e sludge times aeration time is a seeing 
for any given sewage. ” This is largely true Caring the first or ‘ ‘coagulation- 
adsorption” stage rather than in the second or “oxygenation” stage 0 of the 
aeration p period for complete treatment. plants. — In the writer’s opinion, the 
- findings of Messrs. Grant, Hurwitz, and Mohlman* complement those of Messrs. — : 


Harris, C kburn, va Anderson* 27 in affording a a complete picture of the two 


‘The formulas for aeration time and percentage of return sludge  e 


Mr. Gav ett has developed provide useful guides for the determination of the 


a of aeration tanks for r complete treatment plants of the air-diffusion . 


type. As to the percentage of solids in the return sludge, it is to be noted 

from Table 1 that the Chicago North Side return sludge contained 1.39% of | 
solids and the Milwaukee sludge contained 1.19 p per cent. It is’not believed a 
that the solids in the return sludge of a well-operated plant treating domestic — 
sewage will vary greatly from these latter values. 


er 2 Cons. Engr. (Hawley, Freese & Nichols), Fort Worth, Tex. = 
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THE RELATION 1 OF THE NATIONAL SOCIETY 
TO THE ENGINEERING PROFESSION 


ADDRESS AT THE ANNUAL CONVENTION, SALT 
By HENRY EARLE RIGGS,’ PRESIDENT, AM. Soc. C. 


‘The long continued depression in the United States has created many grave 
a and serious problems, not only for individuals and business firms and. corpora-— 
tions but for social and professional organizations and groups. The peel 
¥ of engineering has been greatly | affected. — From a peak of professional activit 

in 1980, with the highest scale of compensation for service that has ever di ' 
sailed, the profession plunged to the depth of depression in 1932 with many 
2 thousands of engineers out of work, and many apparently substantial and 
prosperous engineering firms out of business. Int the years since then a great 
part of the work of the civil engineers has been in connection with Federal 
fc pump priming or relief work, some of it being major projects of large size and 
of fine character, but a large part of it being pure relief work of little professional 
interest and offering inadequate pay. Dest ont ab 
Le Nao Any thorough investigation will compel admission of the fact that there 
great increase of engineering employment | government work, and an 
appalling lack of employment of engineers on privately financed corporation — a a 
pre If a study of the profession were to be made to- -day it would disclose the — : 
fact that large of the older engineers, many of whom had believed that 
oi investments assured a safe and comfortable old age, and several thousand 1 an 
-- Younger ones who had purchased or built homes or made considerable in- 
i vestments on which obligations were outstanding, have had everything swept 
away and find themselves now wholly dependent on the continuance of 


t 


and uncertainty as to the future in the minds of many others. The student in 7 
he classes in college is is whether engineering is. a worth while 
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- work in the 1 last seven or eight years or who has been given no chance to assume — . 
any degree e of professional responsibility has the same doubt. _ | 
he whole ugly picture of depression—of great volume of ‘made work, 


% "unions; of the extensive entry of government into business i in competition wih e 
_ private capital; and of the fear that undeniably is nation- wide, that ‘stifles 
“individual initiative, and prevents individual investment in new projects—all 

this constitutes a picture that compels analysis of conditions in the engineering _ 
profession. Ke What must be done to keep u up the morale and to ™~ to eliminate _ 
the abuses which many engineers have experienced? — 
large measure this Society and the other great engineering societies — 
founded in later years are responsible for the splendid development of the “4 
_ profession of engineering and for its gradual but sure recognition as one of the a4 
great and learned professions. It is in only comparatively recent years that 
full understanding has come of the importance of engineering to the n: nation — 


and of the need for engineers ‘not only to design and build plants but to main- 


It is to the great engineering societies that the discouraged engineer noted i 
looks for ‘help i in his time of. need. Can | the Founder Societies be of service? 


place of leadership when leadership i issomuch needed? 
Any) discussion of the relationship of the profession of engineering to ‘these 
‘conditions of to- day should be prefaced by a review of the growth and develop- 
_ ment of the American Society of Civil Engineers which is probably typical of 
is _ that which has taken place in all the older engineering societies. Such a review 
_ is found in the Annual Address of Arthur S. Tuttle, Past-President, Am. Soc. 
: wf C. E., in 1935.2. There is no need to repeat the history giv en by him. The 
; a three ‘yonies that have passed since then have justified many of his prophecies. 
They have also brought new problems which call for consideration some of 


which were indicated by Louis Cc. ‘Hill, ‘Past- -President Am. E., in his 
FUNDAMENTAL ORGANIC CHANGES IN THE 
art This address is an attempt to supplement and expand the discussion of these 
problems in the light of present-day conditions and to point out why and how 
the fundamental organic changes in the Constitution of our Society were — 


‘During 1 the -eighty-si: “six years of the Society’ 8 existence it has changed 


Transactions, Am. Soc. C. E., Vol. = Pp. 


‘Loe. cit., Vol. 102 (1937), pp. 1173-1177. 
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4 tain and operate them and to administer the higher executive in trans- 
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a. aa - _ Starting as a local society in the largest city of the United States it passed a4 
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- times was for improved technical work and the Society w: was as established with > 


danding, of developing a professional: esprit de corps, of raising of 
~ ethics and the practice of engineering, and of building up American technical — 
- literature in all branches through the recording of the accomplishments and 
- researches of its members. The excellence of its technical work and its high | 
“standards of membership drew to it many engineers resident outside of the — - 


- City of New York so that it grew to a membership of 1 000 in 1887, to 2 000 BS 


p 


ane of four Vice-Presidents and ‘eighteen Directors 1 at one and all living 
- Past- Presidents. _ The Year Book of 1894 shows twelve Past-Presidents as 
~ members of the Board, making a total of thirty-five members. Nine members 
R of the Board constituted a quorum at the time of the annual meeting and an- 
~ nual convention and five at all other meetings of the Board. 82s 
a The Constitution provided that nominations for all offices should be made 
by a nominating committee. In 1887 five districts were established for the 
purpose of selecting this nominating committee at the annual business meeting. ‘ 
4 1891 the committee was increased to seven, and seven districts were es-_ 


the annual meeting and the annual convention, besides monthly business 

_ meetings at New York, at which thirty members constituted a } quorum. — There 
; were no local sections, no student chapters, no technical divisions, no todiniedl: ne 

or research committees, and only three standing committees of the Board, on 4 

oe It is obvious that a Board of Direction with a membership of ten or more — sa 
~ from the New York metropolitan area, with a quorum of nine at the annual 

ee and annual convention and five at other meetings, all of which were — 

_ held in New York City, was largely governed by the representatives of the 
%e New York area, especially as non-resident Board members did not —— 

mileage allow ance for attendance. Furthermoré as the membership was 
classed as “resident” and “non- resident,” the “resident” members paying $10 
f more per year as dues, there was ample ground for the desire of the “ ‘resident””’ 

_ ‘members to control Society policies. All meetings of the Society, about twenty — 
: per year, , excepting the annual conventions were held in New Y ork City under 
. the auspices of the national society. Of the twenty-seven annual conventions By ese 
& "held prior to 1896, only three were held west of the Mississippi River, one at St. 


tablished. There were two general business meetings of the Society a year, at 


a Louis, Mo., one at St. Paul, Minn., and one at Denver, Colo. ee ee 


a growing recognition of the i increase of non-resident members : aud ¢f the 3 
F need for a change i in the form of organization | of the Society to give them a 
proper voice in its affairs began to find expression in the middle nineties and led 
adoption of various amendments to the Constitution, = 


EsTaBLISHMENT | or SEcTIONS Shean tobe’ 
‘The dctallichniann of Local Sections began with the recognition by | the 


Board 0 of the » San Francisco Section i in 1905. Members of the Societ 
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int had organized an association as early as 1888, with the result t that in 1894 ah: 
were more corporate members in that city than in any one of forty-one 
_ states and territories of the Union, only New York, New J ersey, Massachusetts, _ 
 — Ohio, Illinois, and California having more members than the ¢ity — 
of St. Louis. _ The second Local Section officially approved was the Colorado 
‘Section in 1909, and the third, the Georgia Section in 1912. In 1913 five more FS 
; Local § Sections were organized; in 1914, five, including the recognition of the « old 
_ group ip at St. Louis; and twenty more were organized prior to October, 1921, 
- Since then thirty Local Sections have been organised: making a present total 
‘The creation of Local Sections was the fundamental change in organization | a | 
: ey _ which resulted in the Society becoming a truly national body. The bringing of 


the benefits of social and technical meetings to the members in all parts of the _ 
Ss country has been a most important factor in the great grow th of the Society an and 4 
Be < has made possible the radical changes in the Constitution which have beenmade _ a ; 
- in recent years. With twenty-one local groups established by 1918, holding 
- meetings and discussing Society affairs, it naturally. followed that the “ non- 
— plabdent? membership became more vocal and suggested the incorporation in 


the new Constitution of many ideas tending to to 8 more democratic | administra- eal 

_ Also a marked change in the rate of increase in membership began with the 
establishment of Local Sections, in | 1905, at which time there were & few more S 


3 000 members. 


oie Constitution. of 1891 was amended eleven times between its ee 
- and the beginning of 1920, providing, among other things, a reduction in the 
number of Past-Presidents serving on the Board of Direction from all those 
living to the five who had last served the Society. bra: baa 
The of eight Student Chapters in 1920 and of ‘thirty-one in 
1921, followed by eighty more in succeeding years up | to. 1938, was a second i 
_ radical organic change which had far-reaching results. The more than 5500 
students y who were enrolled in these Student Chapters in the school year 1937-38 
are not members of the Society, and a large majority of them probably will Inot H 
[*j enter as Juniors on graduation, but several hundred of the most promising — 


a leaders among them will take the easy way provided for entrance to the Junior § 


1 


The benefit to the Society of this 3s early contact with thousands of youngmen 
each year cannot be questioned. — The results of the founding of ‘Student 


Chapters have been to’ bring many practicing euginests into much closer touch 
i with the colleges than would otherwise be possible, to give to college students s 
= 4 knowledge of the Society and its objectives, and to make the way into the 
Junior grade easy for college graduates. ' The Student Chapters. form & great 
‘@ a reservoir from which the Society 1 will draw the larger part of its “a 


5 


| 

— 

growth in the sixteen years following the establishmentof 

rie 

J 

| 


In 
1926 there ¥ were more than 1 000 Juniors, or r per cent. In 

1929, 2000, or 15.4%, and, in 1933, we passed a membership of 3 000, or 20% 

of the total membership. On May 31, 1938, there was a Junior membership of 
3736, or 23.7% of the total membership o on that date. This rapidly i increasing A 
umber of Juniors and the steadily rising percentage of this group in proportion 
ee to the total membership is the direct result of the f formation of Student Chap- a / 


ters. It indicates a a continuous lowering of the average age of membership. dit ; _ . 
also indicates a steadily i increasing percentage of young employee engineers in 
our membership. — It creates a present problem but it also augurs well for the _ 
future of the Society if these young men can be put to work in and for the 4 > 
"Society and can be given the maximum of benefit from their connection with ie a 
Constitution adopted October 5, 1921, with the eight: amendments 
which have been adopted to date, marks the final change from a local association 
to a national society. The democratic method of nomination and election by a 
-letter-ballot by members resident i in each Zone or District i insures a Board 
that is truly 1 representative of each area. |The pr provision for changes 
of District and Zone boundaries by the Board insures adjustment of repre- 
sentation in Proportion as membership changes. present Board vith 
~ nineteen Directors, four Vice- Presidents, two Past- Presidents, ‘and the Presi- — 
. dent, not more than six of whom could possibly come from the New York © 
metropolitan area, removes the last vestige of local control. The payment of = 
on mileage allowances sufficient to substantially cover the actual cost of attendance pe! 
at meetings has resulted in the presence of from 80 to 100% of all members of _ 
the Board at all meetings of recent years. 
Tables 1 and 2 present an analysis of the membership as of 1894, 1920, and 
1938, three dates selected arbitrarily to show the classification and distribution 
TABLE 1—Suamany SHowine CHANGES IN THE CHARACTER OF 


7 P 


5 

=] 


and Juniorst. . 1582. | 93.00 | 96.91 | 15493 
68 70 | 16 | 
ociates) ........ q q - 


1701 =| 100.00 9373) | «100.00 | 15572 100.00 


from Year Books 1804, 1920, and 1988. 1Sub-totals. 

a RS members (a) at the mid-life of the Society y at a time when eu still essen- 
tially a local society although | more than 60% of its members were “non- 


tesident; (0) in | 1920 when changes i in the organic structure had been 
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ent of | 3 
those 
— 
econd 
37-38 (1170 6878 | 3990 | 41.50 5642 | 36230 
‘ll not einte. . 148 «| 870 | 4697 | 50.01 | 6162 | 39.05 
unior 
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ship 
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but before the establishment 0 of Student Chapters had started to build 
up the Junior grade; and (c) at the present time. = ol 
TABLE 2 Memsers* IN THE UNITED Srares, 


 SHowrne CHANGES or WITHIN THE PRESENT Zone 


N umber Number Percentage N umber 
of total | of total 
Corporate 


100.00 | 10973 | 100.00 “0000 


_ * Except Column (7), in whi ch the present percentage of total members in the United States is given 


fundamental change in the Society organization came with the 
establishment of the Highway, Irrigation, Power, and Sanitary Engineering 

7 a Technical Divisions in J une, 1922. J These have been followed by the creation 
_ of eight other Divisions, and still others are in process of formation. =» 

ial The net result of the establishment of Technical Divisions has been to turn 3 

a large part of the technical programs of the annual meetings, annual: cone 
- ventions, spring and fall meetings over to the Divisions, and, more recently, 

~ to put them in charge of research committees dealing with matters coming 


under their. jurisdiction. % In effect, to the Divisions have been ¢ given the direc- 


5H tion of the important technical work of the Society, placing each specialized 4 


—§ field of activity in the hands of men whose life work and principal in interest a4 
- _ in that field, and insuring to each full opportunity to hold sessions at every 
meeting where local interest calls for them. SS 
— he Technical Divisions will undoubtedly encourage the development of 7 
/ number of highly specialized fields of engineering, induce the membership to on 
a do more work of research, and increase the quality and oar of publication 


; The foregoing discussion has briefly outlined the fundamental changes that 
icon taken place during the past forty- five years. ' They are » changes made 
7 necessary by the growth of membership, the increase in the number of special < 
_ fields in Civil Engineering, the e development of the United States which has 

“P ‘resulted i in a great increase of engineering work, in the number of members i 
the Society i in the Central, Southern, and W estern States, and by the granting 
_ i to members non-resident in New Y ork a voice in Society affairs proportionate 
their adjustments indicate healthy growth in: 
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The Board of Direction has been on the to the 
Society and encourage greater activity among its members. There is need for — 
constant introspection, frequent examination of methods of administration to a 
see that old and obsolete practices are not - continued, that there is no waste | Bgl 
ic of Society funds through duplication of effort or through the doing of unneces- 
sary things, and to insure the doing of of all new things which the Society may — 
propriety assume to be within province. 
_ There ore now three major ‘probleme before the Board 
—Local | Sections. —How ean these agencies be made of the greatest 


-II—Junior Members.—How can these young men be best assimilated 
the Society? What methods shall be adopted to e nable them to get 

Divisions—What form of organization is best 
ie carrying on the e specialized technical work of the Society and securing ee a 


; ee The objective that must be kept in mind is iin benefit to the individual 


I —Domes ‘AND Funcrions OF Locan Szcrions 


ith the area of the United States ar and its p possessions now 
to the sixty-three Sections, and with a formula for allocation of funds by the 
Society to the Sections which assures sufficient to care for all current expense 
F of postage and mailing of notices of meetings and frequent bulletins to. all 
= ‘members resident i in the area, and to cover the cost of many of the activities - => 
_ the smaller groups, it is expected that there will be increased interest on _—_ 
part of many of the Sections and a greater. incentive e for many | qualified en- a 
gineers who have not joined the Society to do so and take part in its work. — = id 
 (a).—Legislation—The legislative problems of the profession i in any sta state 
Sf can best be solved by the combined effort of the various engineering | groups in. te 
the state. Such matters as securing proper registration laws; insisting on - 
_ complete enforcement of such laws; the encouragement of the adoption of laws a. a 


ipa providing for the merit system in civil service; the establishment of a proper | ‘7 


classification engineering employees and the provision of adequate salaries 


gineering service; safeguarding public. positions in engineering bys securing the 
enactment of legal requirements that only qualified registered engineers shall ~~ 

; hold them; and other legislation in the interest of the profession are all matters — 

— iny which engineers resident in the state can do much more effective work if at 

: - properly organized for joint effort than can be done by reliance upon any na- 

tional society. The latter can aid as a medium of exchange of information and i “< 

ean give e support to local effort, but the work of local societies only can be truly 7 

‘fective. There must be continued watehfulness on the ‘Part of the profession 
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— Membership. —The membership of any professional organization ¢ can 
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in matters of only must good legislation be supported, bat 
wer which is injurious to the profession of engineering must be 9 opposed. nh e 


~ ie expected to increase only when the activity of the organization is pro- 
nouneedly along lines that are of distinct benefit to the profession. Under the 


economic conditions now existing, and especially in view of the labor unrest ‘4 

=a the activity of the labor | unions, the national engineering societies, par- 3 
ticularly those of the civil engineering branch, cannot confine their activities — 
solely t o technical papers and discussions. he social and economic problems 


: of the members, especially of the younger men just ne into aad Profesion, 


receive the earnest thought of all engineers. 


American Society of Civil Engineers has never made a campaign 
membership. Its specifications for membership in all grades are clearly 
Me written. . The requirements are higher than those of any other engine 
. There are hundreds of engineers in the United States, doubtless many 
oe in almost all of the States, whose experience fully meets the requirements of 4 
era the specifications of the Society but who for one reason or another never have 
Many ng are reluctant to apply for membership unless spoken to by some — 
_ member. There is no sound reason why a membership committee in each 
Local Section should not make a list of all engineers in the area, examine their _ 
qualifications, and w when man is clearly eligible for membership i in one of the 
grades, see that some member of the Section 1 suggests | to him the desirability — 


nail ‘Th case such a plan i is followed the greatest of care must be exercised to see 
‘that the applicant asks ‘only for the grade for which he is fully and clearly 
“qualified. Border-line cases should not be encouraged to believe that the 
‘Society’ 8 Committee « on Mem mbership i is careless or lax, because it is ‘not, and 
‘the award of full membership only comes to those who are f ully anc and abundantly — 


and Juniors.—The Local Section is expected to take an 

7 7 - interest in all Student Chapters in its area. The college authorities will 
se almost invariably welcome the active interest of practicing engineers in matters — 
: oe engineering education and in the employment of graduates in engineering — 
work. Many Sections award as prizes” ‘membership in the Junior Grade, 
a paying the entrance fee and, in many cases, one year’s dues. — Sometimes the 
eS = is given for the best paper written by a senior in each of the colleges; i 


_ other Sections make the award for outstanding ability based on excellence of 
school work, activity in campus affairs, and notable work in public speaking. 
tte Some of the Sections pay part of the expense of students to Student Chapter 4 

Conferences and in other ways show an interest in and encouragement of the 4 

- work of the students for the Society. Every Section should make this work — 

_ with Student Chapters a prominent part of its program of activity. a i 

Ps, _ When the student becomes a Junior in the Society on graduation he is. 

entitled to much more of the interest | of the Local Section than he received 


bret 
4 when in college. He: now rates in 1 the mer membership, has his n name in the ‘Year 
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Book, aad receives all publications. ‘Under the Society’s formula for return of 
money to the Section he counts the same as any other member, 
- No matter what form of Junior organization may be adopted in the Section 
the individual Junior is entitled to the full consideration of officers and ae 
bers as one of the future leaders and workers of the Section, and he should be _ 
trained forthat work, © wat Paw wih ni 
x Where there is an association of Juniors in a Section area there should be ~ - 
-glose co-operation on the part of the Local Section officers. Such a group 7 a 
- must be kept as an essential and integral part of the Section, given financial 
gid by the Section, and its members encouraged to attend all Section meetings. 
Os This work with young men is very distinctly personal work dealing with 
matters of social, financial, and economic interest. It is work that can be done» P. a 
e in a satisfactory manner only by the Local Sections. P A national society can- 
. not possibly do it. No single formula can be developed for it because of the pt oa 
wide differences of conditions in the different states and section areas. a £3 - 
(d).— —Co-Operation —There i is “present need not only for strong and active 
4 Local Sections of the Society but for the most cordial co-operation of the Sec- _ 
tions with each other and with Sections of other national societies and with 
o state and local groups within the state, to the end that the united e: engineering ee a 
3 profession in each state may be prepared to act whenever action is needed. 
The standing | of the American Society of Civil Engineers is such that our a “ii 
iF membership and our Local Sections may properly be looked to for ee): 
i in this matter of co-operation. In several states the Sections are now the ~ 
recognized leaders in all matters affecting the welfare of the profession and 
handle all matters in a highly efficient manner. It is the task of the Society to _ 
_ build up strong and active Local Sections in all the states and to encourage 
i them to take leadership not only in technical papers, publication, and a 
but in the general social and economic welfare not only of their own wn members _ ca” 
also of the whole civil engineering profession in the state. 


« 


OF THE Socrerr TO Irs Juntor 


Junior membership to have been ‘particularly : attractive until 

wil the formation of Local Sections. The number of Juniors increased 
atters _ mpidly 1 from about 250 in 1893 to around 800 in the years 1911 to 1913; then 
ering for some reason the number dropped to less than 500 in 1920, 1921, and 1922. oe. 
rade, The importance of Junior membership to the Society can hardly be 
the estimated. _ The class of young men in college which is attracted by member- 
— § - ship in Student Chapters will be found to be the able and promising — 
nce of - whose interest in technical engineering is marked and who expect to go into 
peo _ engineering work. | _ Those who apply for Junior membership in the Society on 
res / Gaduation are are generally those with the highest grades, real interest in the _ 

of the 


profession, and reasonable assurance ofajob. 
- These young men need the encouragement of the older members of = 
Society after | they enroll as Juniors. _ Employee engineers all of them—fre- 
quently married shortly after graduation—with a limited income but with 
ae interest in technical l problems— and a desire to get the most out of engineer- _ . 
s hs associations—they can be greatly helped by friendly recognition on the 
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ae the Section and to have a part i in the technical discussions. oe, aa 
ic. Where there is a group of fifteen or twenty or more in a single city some 
_ type of association n of Jui uniors appears to be the de desirable form of organization. a 

It offers to the ; young ‘men the opportunity to prepare fp papers, take an active 

y — in discussion, and really get into worth- while technical activity i in a aa! 


have a a contact committee and the Juniors should be ner to Section com r 


Where the group of Juniors in a Section is small it would appear that a 
desirable policy is to give Juniors an active part in the work of the Section by 
putting one on each committee, designating them as aides to the Section officers 
- and giving them places on technical programs . Such a plan will tend to hold § 
their interest and permit them to develop as working members. There are are 
e thirty-three states which have at pi present less than 50 Juniors and thirteen 
- states with more than 50. ‘Bix « of these states have from 1 100° to 200 Juniors 
se This problem of Junior ‘membership is one for each Local Section to solve — 
1. for itself, but the correct solution is of vital importance to the Society. Itis 
d fair to assume that the opportunity | to take an active part in the work of an 
; association of Juniors whenever one is formed, will attract many young men 
who otherwise would not be inclined to join a Section made up of older practie- 
ing or employer engineers. Wibe ban veri 
ab) The important thing i is that these young men are just entering the profes ; 
sion. Their concepts of professional ethics, of high standards of practice, 
. and | of engineering loyalty are being formed. — They are entitled to proper 
classification of position and to adequate pay and a right to prove themselves ‘ 
worthy of advancement. They constitute the group that is most subject to 
irregularity of employment and to exploitation by labor unions. The inspira- f 
tion that they can gain from membership in the Society, from. the acquaintance ‘ 
= rith old and successful engineers, and from the adv ice and counsel of the mem- a 


‘saan We may as well Sues the fact that, like it or not, the national engineering — 
- societies must give more thought to the economic and social problems of their : 
members. Engineering i is a great profession and to keep it so its members must 
- recognize their responsibility to the younger men who are entering it. "The 
engineering society is in fact, and must recognize itself as being, the graduate 
school in which young engineers gain that knowledge of professional relations, — 


q attiesl conduct, and ideals of good practice that can be secured nowhere else. 


— TECHNICAL Divisions as a8 Funcrionrne AGENCIES” 


the first years of its existence the Society. asked its 


: themselves. Then when they attend the Section meeting they extend their — 
> F acquaintance with older men and get the benefit of both the technical and social _ 
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t; ‘meritorious. It made no distinction as between the different fields of technical 
i _ interest and it had no committees or groups of its members engaged in the p - 
encouragement of ‘specialization in engineering practice. Any study of 
yng engineering literature would be compelled to give to the Society _ 
credit for the greatest contribution to engineering knowledge and to the 
‘literature of the profession in America made by any organized group of en-— 
_— gineers. . These papers were on all kinds of subjects and no one field had a 


monopoly of publication, teary) to 


recognize sufficiently the divergence of engineering interest and the growth of MS 


The Society has done a magnificent job, but in the- doing of it failed to 
 Inits s early days the railroad engineers were most active in the work of the = 
— Society. In 1893 the Society’s Committee on Standard Rail Sections made its 
and the “A.S.C.E. Standard Rail Section” was laid on hundreds of miles 
ai of railway track. Apparently, the difficulty of securing the appointment of 
desired committees 4 and of getting prompt publication of reports | and manuals 
caused this group of members to foster the 2 activity - of a non- i. 
\ selepelaetion cf railroad men and to change its entire character so that it 
alt ultimately emerged as the American I Railway Engineering Association. 
This Society could never have done what that great and active Association 
has accomplished in the standardization of railway construction and mainte- — 
: nance practice, but one we onders whether a Railway or Transportation Technical 
Ss Division, if it had been established fo: forty years ago, ‘might not have : afforded a 04 
medium for individual discussion of railwi ay problems that would have attracted ‘ 
hundreds of qualified engineers to our mem bership ° who have never joined p 
because A.R.E.A. with its intensive committee work absorbs their time and — i 


_ interest. ‘The A. .E. A. not afford opportunity for much individual 


‘The ‘question m may well be asked whether or not the other Founder Societies 


ty also have been remiss in not caring for specialized - fields of technical interest. 
2 _ much earlier than they did. Could not the work of such organizations as the 
American Society for Testing Materials, American W elding Society, American - 
Boeiety of Refrigerating Engineers, American Society of Heating and Venti- 
- lating Engineers, American n Illuminating Society, and American Society for 
Metals, and other highly ; specialized technical groups, have been done just’ as Shy 
by wisely organized t technical divisions of some of the Founder Societies? 
re It would ap appear. that some of these organizations could do just as ‘much | good é 
ao work and do it even more effectively and economically as Divisions of the great 3 
We now have twelve Technical Divisions ‘and requests for more. There 
u may be some overlapping and | duplication i in existing Divisions.. . There may be a t 
other agencies in the Society capable of doing some of the work which the 
proposed new Divisions contemplate undertaking. _ Certainly, there is need for a a 
with view to on able improvement to make a carers study of the 
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organization of Divisions. For example: We have a Highway Division, 


Mi not a Transportation Division, with sections or sub-sections dealing with 
= Highw ays, Highway Transport, and Waterways, 


problem of internal transportation which confronts the nation? 
appears certain that the he splendid work of our Sanitary Engineering 
Division is just as ; good 2 as it would be if the same men were e organized as ee 
_ American Society of Sanitary Engineers, and the chances of just as wide pub 
licity and publication ought to be to them at much cost: than an if 
- These problems call for careful study by the Board, , the various ie 
and by interested members. The past history of this Society makes it el 
Technical papers and discussions at all conventions and regional meetings — 
are under the supervision of the Divisions. Fact-finding and research com- 
mittees dealing with any specialized field should be under and report to the — 
_ officers of the Division in charge of that field. In other words, each Technical — 
_ Division should be in 1 effect a technical agency operating within the American + 


nf 


Socrety as 1r Funcrions NATIONALLY 


All of general Society. policy, qualifications for: ‘membership, 
‘ae election and transfer of members, establishment of standards of ethics brad 


in publications, relations with other societies, ‘maintenance of all joint agencies 
through which the national societies are co-operating, all matters of national — 
i. legislation, and all dealings with departments or bureaus of the federal govern- 
A ment, are functions of the Board of Direction. Under no conditions should any — 
_ group, either Local Section or Technical Division, undertake to speak for the ES : 
other than as an authorized spokesman | - matters that 
ages 
. The tendency of all changes in the organic | sionelane of the Society § in je i 
- years has been in the direction of one large, dignified national society wih 
uniform and high standards of individual membership, having numerous state 
~ and metropolitan subdivisions, each one freely acting | in matters of social and 
—.. economic interest to the membership in its own area, and co-operating = 
other professional organizations within the area for the good of the engineering — 
In the future as in the past it is probable that a a great number, if nots i 
perenne of the most important technical papers, those which are ‘entitled t to 
rank as monumental contributions to the advancement of technical knowledge, 
willl be submitted | by members ¢ of the Society who have devoted long study and 
research to some special subject and have given time to 
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— _ Although the provisions of the By- e 
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eonvention. They a are submitted to the Society for publication as a matter 
long established custom rather than of special invitation. 
“oi The technical and social programs of each Local Section are under the 
control of the Section. The major technical programs of the quarterly meetings — 
of the Society, each in charge of a Technical Division, and independent papers — 
of members of the Division based upon or prompted by the research work of the | 
Division, furnish a large part of the material published in Civil Engineering, — 
_ with more highly technical papers appearing in Proceedings and Transactions. — 


4 The high quality of the publications of the Society has been maintained for 


- With such an organization as has been described, with a loyal membership 
ry made t up of the leading civil engineers in the country, uniformly strong in all the bs 
states, financially sound, and with well established and favorably known 
‘, publications, the American Society of Civil Engineers is, as it should be, the one 
professional society which is in the best position to help the individual members 
the civil engineering profession in difficult times like the present. should 


4 


* assume leadership in many matters. It should by its example dev elop a spirit . a: 
co-operation among all the engineering organizations. aviovnl 


The wide differences in the fields of technical engineering make it veaialy 
“A that there will ever be one all- inclusive national organization of engineers. | —_ p.m 


‘other fields of engineering continue to increase in n importance. pelle 


who are intimately connected with engineering work and keenly interested in it, a 
none of whom is eligible for membership in the national societies. This fact is LS 
_ responsible for the existence of the more than forty state and nearly one | 
are and | twenty-five local engineering societies, all of which number i in their Z 
mncies membership m many who belong to this and the other national organizations. 
tional Most of these state and local societies have a real service to perform, and ba: 7 
vern- ‘none of them is in any sense a competitor of this Society. It is with den > a 
groups, as well as with Local Sections of other national societies, that our Local 
‘Sections must work and co-operate on all matters of legislation and welfare. — 
most annoying problem of the present day is that of Unionization. 
- With labor leaders active in the attempt to bring every employee | group ae 
some form of union organization, with political and official pressure being _ - 
brought to bear in some states or cities to compel such affiliation, many young oa 
- engineers and employees in sub-engineering positions need some professional x 
or group to turn to for advice and support lath 


place in the unions because his obligation makes him > 
the arbitrator or umpire between the owner and builder, or the public and the ~ 
_ contractor on public works. oe Unless the engineer is a ‘member of a professional = 
ledge, ee "Society which can and will speak for him, and unless his society has the support — 
ly and ad backing and hearty co-operation of the other societies of the prof ssion in — 
y that state, he has little chance of having his argument listened to. 
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<a the position very definitely that engineering is a —— 
_ learned profession on reached only by years of study and training and experience 
in design, construction, or research, and that the obligation placed on the 
“ engineer by his profession to exercise independence of judgment, to be fair and 
_ impartial, honest and unbiased in all matters with which he deals is wholly 
inconsistent with any form of employee unionism. The obligation i is just as 
_ binding on the engineer employee of the railroad, power company, city, state, 
manufacturing plant as it is on the consulting engineer. 
7 And if it be true that these problems face the profession to- day then it - 


equally true that the profession must speak through its societies. soci- 


_ eties can no longer devote themselves exclusively to matters “of technical — 
a theory, construction methods and materials, or of design and research. They 
must give more thought to registration and the enforcement of registration 
Pe, laws; to the merit system in civil service; to proper classification of employees, : 

that those pari be paid. They will have to give shoushs to such matters 
_ as political discrimination against engineers, unjust discharge, and many other — 
_ matters that involve the relationships of the engineer employee of city, state, 
tae __ The American Society of Civil Engineers has been doing several of these 
Brees during the past six or eight years. _If present conditions persist this 
_ Society and all other engineering societies will have to do them in an a 
way and to a much greater extent if the young engineer o or the - employee en- 
 gineer is going to have his profession speak for him with the same degree of 
-suthority that the trade union speaks for its member, = 
Waal This concept of Society activity is is repugnant to many members of the 
profession. Perhaps the civil e engineers need these things to a greater ‘degree 
_ than others because they are to a much greater extent employed in = 
service. i During recent years the American Society of Civil Engineers has 
4 acted in these matters ; through its Board of Direction and a few of the large 
- metropolitan sections. If such things are to be undertaken successfully the 
Board of Direction must have the w hole-hearted co-operation of all the Local 
Sections in carrying it out. hi The Board cannot do it alone. The 
of its sixty-three branches must co-operate actively, 
oun would appear to be self-evident that any engineering society to achieve 
real success must be primarily a a technical ; society having as its objective the 
highest standards of technical, professional, and ethical practice. Further 
more, it should deal with all economic problems which are involved in engines 
i ing « n and should fearlessly express its opinion and assume leadership — 
in the formulation of broad economic policies of state and national interest. 
3 1 There is no sound reason why such a society cannot and should not, through its 
Sections, extend its activities to include also all matters which have to do with 
the financial and economic well-being of its members. Failure to do so wil 
in in the attempt to new societies with this objective and it is 
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Founder Societies are in much better position 


an any new group whose energies must be devoted inte organizing an 
a - The American Society of Civil Engineers has a record of eighty-six x years of 
fine accomplishment. It has a loyal | membership, several thousand of whom > 
have been members for many years, a thousand who have loved the Society — a 
supported it for a third of a century. 

a The standards of membership qualifications, of | ethics, and of professional 
‘practice | have always been of the highest, and every aon ge in the past has By % 
} been to raise these standards. _ They should never be lowered. The ome 
_ jgaristocratic in the sense that it takes into its membership only those who have os 
Joey themselves to be of high personal and professional standing. The a 

traditions of the Society must be kept. 


ae It is respectfully submitted that it is such an organization, and only ey 


Ipadership must be in all matters that pertain to the social, economie, 


it ‘political welfare of the Engineer as well as in his — ethics, and scientific — 
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"AMERICAN, “SOCIETY OF “CIVIL ENGINEERS 


TR -ANSAC CTIO ns: 


STANDARD PRACTICE IN 


SEPARATE SLUDGE DIGESTION vod 


FINAL REPORT (OF THE COMMITTEE 


"sewage, from the ‘standpoint cost as well as of sanitation. It has ‘been 
a difficult problem, and many processes and combinations of processes have 


either as w waste as as fertilizer. Mechanical dewatering i is being used 
an alternate to the sand- bed for large projects. Activated sludge is fre- 
quently dewatered, dried, and sold as ferti izer, bu 
primary sludge in separate tanks. 
Although there is doubt as to the first a of the method ‘known as | 

oll rate digestion, several of the earliest sludge- treatment — plants employed it. 
late Rudolph Hering, M. Am. Soe. states that in 1884 and 
_ separate digestion tanks were used in tests at the Pimlico Pumping Station, — 

in in London, England, under the direction of Mr. W. J. Dibdin. 4 The method © 
was again used about 1899, at the Lawrence | (Mass.) Sewage Testing Station, : 
and the results are discussed in the Annual Reports for that Station <— | 
In the first decade of the present cent -eentury, Imhoff and Travis developed 4 
. the 2- story tank. | Most of the sludge- digestion ‘Plants installed during the 


adoption of the separate system; at present, , several 

_ hundred such plants are in operation in the United States. 

a, Structures | and equipment for ‘separate ‘digestion of | sludge ‘may account — 

digestion tanks, pumping stations, , drying beds, ‘meters, 4 

boilers, buildings, etc. Ample eal as to detail of 


| 


4 
— 
| 
| 
| 
| 
— 
— 


“these points not only hinders digestion, but ‘result } 


a 
Good de design alone is not enough, however; even in the best ‘plant, satis- 
- factory operation n depends upon the operator’s knowledge of the basic vein 


‘Adoption of the separate digestion method in 


‘eat research have been so rapid that on the whole neither the principles of a 
- design nor the methods of operation have been thoroughly correlated. 4 “The 

purpose of this “report, ‘therefore, is to state the fundamental aspects 
sludge digestion and to assemble in useful form worth-while 
 gelating to the design and operation of separate sludge-treatment plants. 
Pp Be The outline s and general content of this Final Report is the same as s the 

Progress Report published in 1937, with several essential additions and 

corrections. The report begins with a description ‘sewage and of the end 


4 


factors in the digestion process are then Poesia Next, the various a 
sludge-digestion and gas- utilization structures and equipment are described, 
and methods for computing the required capacity of tanks and heating ane a 

are presented. The following section outlines the various proposals for dis- 
posing of sludge after digestion, and the report. closes with a discussion of 


operating routine. are included, giving data the operation 


OF AND OF ‘THE ‘END 


OF 


ong of ‘that only a general discussion of ade wo of 
is practicable. Data on the composition of sewage have been secured ad 
thirty” cities representing ‘a total contributing population of 4760000, 
are summarized in Tables 1 and 2. It will be noted that the average =. ; 
i per capita varies from 306 gal to 48 gal, and that a marked trade- — 
orted by nine cities, while this factor was negligible a 
in the others. . Fifteen of the cities reported combined sewerage systems, and “te 
Waste products ‘are present in sewage and solutions. 
solids, in turn, may be classified volatile or and fixed or 
Mineral (sometimes called “inert”) ; or, with respect to their settleability, 
_ they may be graded from the readily settleable to the practically non- -settleable. - 
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| 
—" _ special treatment adapted to that end. The materials in solution, also, are 
a obviously not susceptible to removal by plain sedimentation, although certa in 


of the soluble ingredients of the incoming sewage may ‘stimulate sediments 


One factor having an important on “accuracy: and compar 


samples on which the liad the based. A sample from sewage in which very 


little comminution has taken place may be too high or too low in solids, | 


TABLE 1 —Cuarscrenistios oF TypicaL Onms oF THE 


: _ (From Data Secured in 1930. 1 Total Contributing P Population, 4 760 000) 


2) (4) | (1+ 
220 CO | Yes 445 
24 No 120 
47 
735 No 
100 No 
300 No 
45 Yes 306 


Pasadena, Calif..... 115 No 
Philadelphia, Pa....| 175 No 

Pontiac, Mich... ... 56 Yes 

| 15 No 

| 67 No 

200 No 


ail M=Monthly composite. general, were made on composite samples. 
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— 224 | ase | | 17 

A Ay: «10 10 | 666 198 169 | 0.14 135 | 196 

elaware, | ‘| 21 igo | 200 376 | 365 | 225 274 | 0.229 | 135 

12 |Elyria, Ohio....... 40) 58 | 484 18 16 | 221 17 | 0.181] .. 
13 Fitchburg, Mass... 130 75 No| 1246 | 728] 5 365 224 2 

a 1? |Henston, | Nol 265 | | “ai | | 203 in 

— 32 | 130 No is | 328 | | 0 247 4 

th |Madison, W: 70 Yes} 1 021 W | 29 3 | 0.205 1 

ion, Ohio. ..... 121 wee 188 | 35 3} 181 
21 «|Marion, Wi 700 oe 416 327 | 0.273 | 99 | 1 

22 |Milwaukee, Wis.... "309 | 436} 373 | 184 238 11 | + 

| 310 | 305 | 365 dos | | 116 | 
615 | 3 | | 166 174 

28 ea| 785 | 32i [vee | 208] 286 
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SEPARATE SLUDGE DIGESTION 


TABLE 1.—(Continued) 
Soups 
In Cubic Cen- In Parts 3 
 timeters 
- per Liter per Millio 


4 Frve-Dar 


SusrenvED Souips 


3 Chlorine as chlorides, in parts per million 


4 


In pounds per capita per day — 


a 
day 
nded solids, 
actual, in parts per million 
capita per day au 


3 in parts per million 


gal. per 


Actual 


— 
A 


ixed suspe 


flow of 100 gal per 

eapita per day 

In pounds per capita — 
per day 


Volatile suspended solids, i 
Nas NH 


; Ether soluble matter, in parts per million 


' pounds per capita per 


of 100 


_ Adjusted to sewage 


Caw: mo: 
‘ 


NNN 


as: 


148 “210 | 0.175 68 


ome 


é depending on whether or not the coarse particles happen to have been included. — 
_ More truly representative samples may be obtained in cases where the sewage 
- has been subjected to pumping, or to flow at high velocity, or even simply 
to flow through a great length of sewer, for in such cases the agenda 
content is likely to be more evenly distributed. 
Other conditions influencing the reliability of data are: (1) Correctness 
_ of the measurement of flow and of the count of the contributing population; 


ccuracy of the 


A 


ain ea 

the im 
~ 
ids, 

445 «60.118 70 soe | | oo | | 0.200 | .... 7.1 8.3 
9.3 | | 0.163 16.8) 96) ....] 14.6 
| 
306 as Tt 
3 
sincubic 
centimeters per liter, and six in parts per million. The latter method has = 
12 advantage of expressing the results as a definite quantity, but the data 
” itl j ate not as valuable as they would be if this method were in general use, ae — 
the results cannot be compared with those expressed_in cubic centi- 


TABLE ‘1.—(Continued) 


Tron as Fx, 
(30) | 3a) | | (33) | | (85) | (36) | (37) | (as) | (a9) (40) | (41) | 
08 | 89.9] 6.5 | 
95.0] 7.4| 57.0 
BAF severe 86.8] 7.1] 40.3 
93.0] 7.0| 38.0 
94:1] .... | 37.8 
92:7] 7.2] 42.0]... 
85.6] 7.1] 34.4]... 
92:8] 48.3| 
95.1] 7.4] 67.7] ...., 
88.4] 7.8| 40.5) 
80.0}... | 45.0 
95.0] 7.4| 50.0] 100 
92:8] 8.1/50.0| 80 


Résumé or SEWAGE CHARACTERISTICS, 


(Computed | from Data in in Table 1 for Typical 1 Cities of United States) 


4. Number Contribut- ‘Parts P | F Pounns PER Carma 


of sewage | ing popu-| 
porting | thousands | Maxi Mink | Aver- |B 
reporting | thousan axi- ini- | Aver- axi- 
Total 27] 3711] 612 | 81 | 254 | 0.51 


Volatile suspended solids i 2978) 445 | | 171 | 0.37 
ae oxygen demand, 5 days, at 68° F : 
mmediate chlorine demand... . . 
Nitrogen as free ammonia... ... ‘ | 0.020 

‘8| 5.2) 22:1 | 0.041 


a Values are in cubic centimeters per liter. t+ Values are not parts per million. 
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The characteristics of digested sludge depend largely upon n whether the 
ax sewerage system is separate or combined, and upon the ~ a 
of industrial wastes and the degree of treatment of the ‘Sewage. 


moisture than sludge from separate sewers. | Abnormal quantities of oil, 
> = other chemicals may be due to industrial wastes, Fi ine be. 
skimming, or or removal of detritus in preliminary tanks will reduce the quantity 


; Color i is somewhat of an indicator of the degree of digestion, well- digested — 7 

4 sludge bein ‘usually quite black or yr very dark gray. Color, however, depends" q 

somewhat upon local conditions—particularly upon the type and quantity of = 
industrial wastes. The moisture content of digested sludge should be less 


: than that Of fresh ‘sludge, although the re reduction in some | cases is ‘not el , 


“tar (a) Texture: ‘Uniform, black dark colored, with = 
of fresh Sewage solids, such as feces, paper, or grease, 
Density : Thick; ; the “moisture content of sludge on withdrawal 
if from the tanks i is generally not more than 90 per cent. . (Sludge — 


with as much 95% moisture, be thoroughly 


@ Ability to dni beds: 


= 
Mineral matter greater as a per- 
centage) than n that of the fresh sewage solids, 


0%. of 


Volatile matter ‘content: 50%, or less than 50%, o 


Organic content | (of sludge drying beds) Not 
generally more than 50 per cent. The bio- vio-chemical oxygen demand “ae 
3 of this content should be antes lower than that of the fresh _ 


eg 
 B should be noted that the process of digestion reduces the value of the 
“audge for use as : fertilizer by as much as two-thirds, because of the ee 


"methane (CH,) dioxide, and nitrogen, but includes: also small 


e volatile 
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8 upon th other gases. Aithou = 
— of the sewage and the 
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progressed, the sources of the various constituents are defi- 


; Table 3 shows the analyses of gases s collected at various sewage ge works 
average composition, , based on the data there given, is approximately 
68% methane, 25% carbon dioxide, 5% nitrogen, and L 2% hydrogen. In 
gas obtained ‘at German installations contains 


Tanks 


in British 


62.0 | 314 6 | 
51.8 | 32 4 | 0: i 


48.2 | 28.9 light | 2.2¢| 


Berlin, Germany (Wasem: rf). . .|1929-30) 69. 7.77 3 0. 
Birmingham, England (Galtley).. re. 
Bochum, Germany 
Cedar Rapids, Iowa. . 
Chicago, Ill. (Calumet) 
Dayton, Ohio 
Decatur, 


Elyria, Ohios 

Elyria, Ohio? .. . 
Essen-Frohnhausen, Germany ¢ . 
Essen-Frohnhausen, Germany 
Essen-Nord, Germany 


Essen-Nordwest, Germany . 
Essen-Rellinghausen, Germany ...... 
Gelsenkirchen-Nord, Germany 

Grand Rapids, Mich . 
Halle, Germany (Tafelwerder) 
Halle, Germany (Tafelwerder) 


Germany 

High Point, N. C. (East Side) 
Iserlohn, Germany............ 
Kettwig, Germany 


on 


So 


a w 


endreer, Germany 
Leipszig-Wahren, Germany . . . 
Angeles, Calif. (Experimental Sta- 


jon) 
Munich, Gamer (Grosslappen) . 
Newark, N. 
Niarnberg, Germany (Niirnberg-Sud). 
Oberhausen, Germany 
OF 


Values for German localities were converted from calories per cubic meter. 
va, a Sample taken October 17. * Samples taken October 6. ¢ Gas from Imhoff tanks. 4 Gas from separate digestion ta tanks. a 
-*Gas from Priiss digestion tank. / from supplementary tanks. ¢ HS included with COs percentage. * Air 3 
Ne percentage. *CO. /Illuminants. *0.77% CO; 2.23% illuminants. 
™ Calculation based on laboratory work relating to sludge digestion. "0.4% illuminants; 3. 0%, CO2. 
16, 1935. 4 24 grams per 100 cu u ft. Ethene CHsC Ha.” * May 16, 1987. 


1668 
— 
— #8 8 
— 7 
— 

=. 
| 1931 29.0 | 1.1 | 0.0 06 OS 

190 | $1.5 | 180 | 0:8 | | en |... | 
30 | 68.5 | 12.0 17.5% 2.0 Trace | Trace 
35 | 67-7 2:7 4. 7 code 07 
23.0 | 6.4 | ..... | 609 

(Mihblhausen). . 1937 | 59.5 | 29.6 | 0. 3 
Canada (North 1930 | 59.26 | 29.35 | 0.50) 0 
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ou nited States: 
‘an Imhoff ... 

As In their early studies, Buswell and his associates assumed that the weight 
of gas produced was equal to the summation of the weights of protein, grease, — 
cellulose, and crude fiber digested. Buswell later found that the higher fatty 

Se acids of grease produce more than their equivalent weight of gas, because 
_ more or less water enters into the reaction. The quantity depends upon the — 
a number of carbon atoms in the acid. Buswell and Pearson obtained 1.25 lb | 
of gas per lb of volatile matter digested, at Champaign- Urbana, iL [a 
_ Information relating to quantities of gas collected at L various Sewage Works 
has been assembled i in Table 4. —dAtis apparent that no averages can be made 

are of general applicability, because the characteristics of the local 


are 80. o different. The average of of is as 


Bic. capita per day 
Ag! 
@ 
"Activ sludge 


+ influence on the bio-chemical processes of sludge digestion may be nesta 4 
the temperature @ at which 1 digestion is carried “on, the hydrogen -ion concen: a 
a and the percentage of return sludge (reaction and seeding), and the a 
rs trade-waste content. Other environmental factors of less importance include “a 


density. ‘All these are considered in the following 


se properties depend on nature 


ike 


— 
1e varies almost directly with the percentage of me 
a 
— 
— 
— 
— 4 
— 
DeKalb, Iil., the 
4 
— 
m 
a themselves 
properties of tne influent to the siu ier 
—— a5 have a decided effect on digestion. 
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oof the processes to which the influent has already been subjected. Thus, 
the influent ‘comes directly from primary settling tanks through which « crude a 
- sewage flows, it will consist almost entirely of fresh, or primary, sludge. On a 
the other hand, if primary settling tanks are operated as septic tanks, eS 
partly digested sludge will result, that ‘may be termed ‘septic sludge; it will 
- ordinarily be a mixture of relatively fresh and quite well-digested sludge, 

proportion depending largely upon operating conditions. Still other 
7 general types of ‘digestion- -equipment influent are secondary sludge (from final © 
or secondary settling tanks following filters) and and sludge (from 
settling tanks s following aeration tanks). las’ 
TEMPERATURE 
Temperature has been Sound to have a influence on the time 
‘Tequired for sludge digestion, as it determines to a large extent the type of : 
The this factor 
Until a few years ago, prior to the time of temperature control, sludge 
F Mestidn was carried on at or near the temperature | of the sewage, or from a 
about 50 to 70°F, and in the early investigations of 
the tien temperature was considered to be about 82°F. Recent investi- i 
il - gations ha have indicated, however, that a temperature of 110 °F to 130°F m makes 
a still shorter digestion period. Digestion at these higher temper 
has been designated as thermophilic digestion. Less 
on temperatures. There are not enough 
-_ operating data from large-sized plants to justify a final conclusion as to the a 
best and most economical temperature. Present information indicates that a 
temperatures between 80°F and 95°F are desirable. Savings in cost and 
_ improvement i in operating conditions with tenga 1 in excess of 100°F | 
Some data on the relation between temperature and the time required 
for digestion are illustrated by Fig. 1. In addition to the effect of tempera- + 
: on the time, and hence on t the ‘capacity, required to bring about a 
satisfactory 1 reduction in volatile matter, the effect on quantity a and rate of 
production of gas is also important. The rate of gas production | appears — 
a be greater at the higher temperatures, and Willem Rudolfs, M. Am. Soc. -. 
E., states that the total quantity per per unit of volatile m mater is also renter, 
although the evidence supporting such a conclusion is as yet limited. 
_ The percentage of reduction in 108 days in the volatile content 0 of sludge, a 
unseeded but with pH- adjustment, at different temperatures, was 3 stated by a 


In degrees In degrees Percentage 
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li Heukelekian® states that with temperature control at « digestion 


% period is about 35 to 40 days, but he declares confidently - that it is possible ie 


draw Tipe sludge 24 hr after the addition of the raw material, ‘provided 
es . is ripe active thermophilic. sludge and the temperature is maintained at 


approximately 120° to 125°F. “According to Heukelekian: 


: “The sludge will be just as ripe as that drawn at the end of 35 to 40 days 

40 at 70°F. It will have an ash content of 45 percent, or more, a pH of 78 or 

a B.O.D. [bio-chemical oxygen demand] per percent of organic 
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_ Temperature of Digestion, in Degrees Fahr 
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‘Fic. _1.—EFFEct oF TEMPERATURE DIGESTION : 13 


8, AvRora, ILL. (Water-Works and Sewerage, Jane, 1981) 


| under ordinary 82°F temperature 50. 60 percent. the volatile 
matter is decomposed in 25 to 30 days, about 70 to 75 percent is destroyed at a 


§*“Digestion of Solids between Thermophilic and Non-Thermophilic Range,” 
Works Journal, September, 1933. (Heukelekian found digestion | at 


‘ 


: 
4 
—| |. @ 
= 
— 
— 4 
ate 


— 


‘At Aurora, IIL, digestion is reported to have been accomplished in 12. 
seeded with 


‘Tempera ure um er of days r requ red 


‘TABI E 5.—Dicestion Tank ‘TEMPERATURES, IN DEGREES FAHRENHEIT 


Rapids, Mich. 


is 
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Sebel 
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Among the considerations that should be taken into account in selecting — 


an operating temperature, and in designing digestion tanks, 


rel (a) The balance Sovmeee the cost of providing extra capacity for digestion 


4 at a lower temperature and that of extra equipment for heating and insulat- 
ing ata higher temperature, due, consideration being given to the value ae x 


— @) The capacity of the selected t type of tank for being heated aa for 


(c) The of heating and rate of transmission of heat. 
“rags Digesting Sludge at 37° C,” Sewage Works Journal, March, 1933. (Keefer and 
z ee faae some advantage in pa at 87° C (98.6° F) as compared to digesting at 


— 
39°F the quantity of gas amounts to6 — 
10°F in 1 to 3 days — 
— 
a 
— 
in the ratio of 2 parts of raw to 1 of see a 
37°C than at 27°C, but the difference in 

iia 

ae 
70 ar 
nge 
— 
— 
— 
— 
— 


— (e) The effect on the heat balance of the concentration of solids in the 
tank sludge and in the fresh sludge. 
The heat lost with the sludge liquor and of 
: at (g) The effect of more active e gas release on the area and eet of the tank 3 
and on the formation of scum. 
na 
The fact that the total size of sludge digestion and storage tanks 
directly pr ‘proportional to the time for digestion. 


‘ihe may vary from 6. 8 to 7. 9 for solids from domestic sewage. e. Within aa 
first 24 hr this reaction begins to change toward the acid side, and the longer 
the solids are held in a settling tank the more acid their reaction becomes. If 
4 no seeding sludge is present the solids undergo a period of acid fermentation — 
before true digestion occurs. <i suitable seeding sludge is present this acid 
phase i is shortened or eliminated. There ar are, therefore, two courses of sludge 4 
digestion. Acid sludge is developed and digestion delayed when a digestion : 
Process, Imhoff or separate, is started. . After ripe sludge i is developed — 
‘this acid condition — is restricted and digestion is greatly accelerated. If 
solids are held for many hours or days, either in sewers or in plain sedimenta- 
tion acid sludge will be produced and discharged into” the digestion 
_ The formation of acid in unseeded lie in process of digestion tiie 
_ studied in Germany 15 or 20 yr ago. . Thumm and Reichle, in 1914, noted 5 
=a an acid reaction accompanying poor digestion, and recommended the » addition 
first study of the pH-value of fresh solids undergoing digestion 
a rey reported | by Rudolfs in 1924. _ Solids « collected from the Plainfield, N. e 
sewage, which is from sewers, were digested at 20°C. Initially 
the pH dropped to a minimum of 4. 9 in 9 days, increased to 6.0 in n 48 days, 
> to 6.8 in 66 day. 8, ‘and to 7.0 in 120 days. In studies by Fair®, of the digestion ae 


ee of fresh sewage solids from separate sewers at | Brockton, Mass., the initial 


6.8 in 60 days, ‘and reached a maximum of 6. 9 in 70 days. Keefer 
and Rudolfs prolonged with unseeded Baltimore sludge 


“into large open ‘and allowed to digest ‘without any 1y seeding material. 
The pH initially was 6.1 and the volatile matter 65 per cent. The pH fluct- s 
uated between 5.5 5a a and 7 7.3 for the ‘first 200 days, then dropped to 5.6 5.6 in 


o* 8 “Time and Rate of Sludge Digestion and Their Variation with Temperature,” Sewage 
Works Journal, January. 1934. (Fair and Moore find four zones of temperature 
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ag ee! land 5. 2 in 400 days, and slowly rose to. a maximum of 6.8 8 in 090 days. ye 
; ben prolonged acidity was probably due to lack of seeding material and to jn 
On the other hand, the sludges us used in the experiments reported by Zack — 7 
wa Edwards, from combined sewers contributing to the Des Plaines Treat- a 
‘ment Works of the Sanitary District of Chicago, did not produce high acidi- —. 
ties even when unseeded. The fresh solids had a pH of 6.3 when incubated at -: 
and this value rose to 7.0 in 13 days. ‘The fresh activated sludge had 
an initial pH of 7.3, which decreased to 6.6 in 10 days. and then quickly rose 
to 10 in 20 days. , The volatile content of the fresh solids was 67%, and 
of the activated sludge was 60 percent. 4 
The acidity produced by unseeded solids apparently i increases greatly if the .. 
’ initial pH is low and the volatile matter h high. _ From a a practical ‘standpoint "7 
‘this means that solids — in organic matter, from separate sewers tend to 


organic seeding, therefore, is more with h highly 


f. 


Storage of solids in ‘settling tanks is undesirable, since the acidity 
~ fnereases, and lengthens the period of digestion if seeding 1 material is insuffi- 

cient. Fair and Klein show that digestion of unseeded solids is greatly 
retarded if the fresh solids are held until high | acidity develops. ‘They state — 


& 

“it seems desirable that the scttling solids reach the digestion as 


solids from the settling tank as promptly as possible. The production of acid 
sludge should be prevented throughout the entire digestion cycle; rete 


: Undoubtedly, therefore, it is desirable, in separate digestion, to remove _— 
4 the initial solids should not be allowed to become acid if it. is ponetiontile 


Sewage | solids do become acid, however, when there is not 
sludge available to prevent acid decomposition . This occurs (1) when diges- i 
_ tion tanks are first started: (2) when ripe ‘sludge is lost ; by i improper operation; cn 
(3) when acid industrial v wastes are present. the ‘results of 

analyses of gas from various digestion tanks, Buswell concludes that a high 
00, eo content of the | gas may serve as an index of improper seedin ng g conditions, 
correlated with acidity shown by pH. ja 

When ripe sludge is not available, lime is commonly used for 

my of acidity. The e experience o of a number of plant operators as re reported 
by Bachmann indicates that liming i is a useful remedy under abnormal condi- — A 


but hardly be froma practical standpoint, f for 
_ When well- digested sludge i is mixed in proper amount with fresh sludge, 


a the reaction of the mixture and the course of digestion are different from 
ove of unseeded sewage solids. Dr. 
“Basically different from acid fermentation is the second kind, that 
4 establishes itself in well-conditioned digestion tanks. It results in the forma- 


tion of carbon dioxide, nitrogen ond, above all, = ‘ ) (marsh gas), he 
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_ The pE- -value 


remains slightly above the point. The process is odor- 


and is called alkaline or methane 
The low. pH of ‘unseeded solids ; is caused primarily by the formation of 


fatty acids that decompose | very slowly, but that must be ‘decomposed before 
Be s digestion is complete. Ih the presence of well- digested sludge, these acids 


action of the digested sludge neutralizes them to a varying degree, depending — 
upon the composition of the inorganic solids in the. digested sludge. oi 
proportion and the character digesting sludge in the tank are 
important. ‘Rudolfs found in his earlier work that, at 70°F, the daily addi- 
tions of fresh organic solids should not exceed 2% of the weight (dry basis) 
fe of the organic matter in the dige esting sludge. ‘In a later work, he has shown 
that this ratio might be increased greatly (the ratio in general, falls between 
2 and 6%) by i increasing the temperature and, ‘if -“mecessary, adding lime, The 
use of lime is not recommended as a routine procedure, however, 
: _ Ripe sludge used for seeding must obviously be neutral or slightly Ms 


alkaline i in order to provide the proper buffer action or to ‘neutralize the acid: Fh 


4 _ decompose more quickly, and, in| addition, the reserve alkalinity or ‘butler 


wie 


sisting of raw sludge. Its moisture content, within normal limits, is 


a immaterial but it should be actively digesting sludge. fet 


‘Trade or industrial wastes originate from a great variety of mnantashath 


processes and have widely ‘differing such wastes are 


range from beneficial to very depending the 

_ characteristics of the industrial sewage, the pre- treatment it has received, mig * 

the relative quantities of industrial waste and domestic sewage. 

“108 The effects of various industrial wastes on sludge digestion are summa = 


com common practice ae the depth of the digestion tank. In one of the shalloy ow 
est “story tanks (at Schenectady, the liquid depth is 138 ft, 
and i in one of ‘the deepest (at Rochester, N. Y. it is 83.9 ft. separate 
x4 digestion tanks have depths of 20 to 80 ft. a The “pressure may | ‘be changed F 
_ by applying a negative pressure Cihidieans} or a Positive pressure to the cur e 
The ‘major possible effects of sludge digestion ‘are: 
vie. effect on the biological life and its activities ; (b) the effects on the gas pro- e 
duced by digestion, as, for example, the rate of gas production, the solubility 
“4 of the gas, the size of the bubbles, and their motion in the liquid: and () 


effect on the density of the ne 
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"OL Increase depending On tne characteristics par Ar wastes, 
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q Other possible « eBecte, believed to be of m minor importance, are the pressurs pressure 


on the and on the surface tension. 


TABLE or Various INDUSTRIAL Wastes on 


“re 


racteristics of sludge 


Quantity tes 
of sludge 
produced 


‘Usual large (de- 
on material 
canned). ay 
i 


hear 

both carbonaceous 
and nitrogenous organic mat- 

tt ter; develops or, cids i in 


let 
Fats and sugars break down 

_ forming organic acid, delay- 
¥ ing digestion and causing ob- 


Contains residual SOz which 

breaks down during diges- 

be tion to form 
sites 
Contains phenols and other 
ounds having germi- 


cidal characteristics. 


Usually acid, and likely to pro- 

‘ Organic matter of high nit nitrogen 
 eontent. Also, fats, hair, and 


‘Relatively i inert chemically. 4 


— 

Contains fiber and chemical 


residues. Sulfite wastes arc 
germicidal. 


“pia gon ob: 


ay: | acid. If neutralized 


Variable. 

by alinity of the sewage 
or by lime, iron compounds 
precipitate and form sludge. 


Contains considerable organic 
matter. Reaction may be 

- acid or alkaline depending on 

> part of the process con- 


D 
‘eaten 


ih 


Variable, depending 


Coke, gas, Small 
ereceoting 


beh 


t 
¢rank-case oil) 
be 
Paper and pulp 

mills (strawboard 


Iron 


tributing the waste. 
Has a very foul odor and con- 
tains dirt, grease, organic 


‘Matter, 80aps, Bn! 


R 


The waste contains soaps and 
decoloring agen te. 


It is usually necessary to pro- 
% vide preliminary treatment 
1 of cannery wastes before 
mixing with domestic sew- 
if age. These wastes are likely 
to cause foaming and scum. 
Organic acids t t are gener- 
_ ated coagulate the casein, 
_ which rises to the top as 
geum that does not digest — 


There is a tendency for sludge 
bulk in aeration tanks. 
ed) bik 
This eludes not digest. 
Normal domestic sewage 
sludge will di ‘est if this type 
of industrial waste does not 
exceed 2% by volume. band 


Ag 


sludge digests with difficulty, 
if at all. Treatment at the 
is desirable before 
mixing with domestic sew- 
with. digestion by 
surrounding the sludge par- 
ticles, preventing proper 
drainage, and un- 
desirable scum. 


Sludge digests slowly if at a % 
Most of the solids in waste 
from paper mills have com- 
mercial value and may be 
recovered by use 
alls" , or similar equipment. 


The precipitated iron com-— 
- pounds do not interfere with 
digestion of the domestic 


sewage solids. The iron floc 
may be quite bulky. 
ment at the source is desir- 


It properly neutralized, 
wastes do not interfere 
ith di- 

gestion. Hair and lime 
ve residues do not digest. 
When mixed with domestic 

sewage these wastes increase 

the bulk of the sludge to be 7 

digested and create masses 
foating scum that do not 
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sludge opinion on to have 
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The | q 
Oil (crude oil, f 
rized Very large....... 
— 
ly in 
— 
sur 
Pressures likely to obtain in practi 
me effect » obtain in practical 
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“High pressure seems to be absolutely without influence upon bacteria, 
The processes of putrefaction and alcoholic fermentation go on without inter- = 


ruption under pressures of from 300 to 500 atmospheres, * * *.” 


Dr 


depths. Sa mples « containing one part of fresh sludge to two parts of water 
were placed in vessels at depths of 3.0, 1.0 and 0.15 m (9.8, 3.3 and 0.5 ft), 
_ respectively, and observed for 40 days. At the end of this period the sludge 
characteristics of the three samples were very similar. 
i ui Tests on the vacuum degasification of Imhoff tanks have been made by — 
4 Steel and Zeller? at the Texas Agricultural and Mechanical College, College ; 
pal Station, ‘Tex., on two Imhoff tanks treating the college sewage. The 
vents of : one tank were placed under a vacuum of from 1.75 to 3.7 ft of water, 
generated by an automatically operated blower. Observations were made 
~ daily for five weeks of the change i in HS, suspended matter, and bio- chemical _ 
oxygen demand of the sewage, and weekly for sixty days of the solid and ash | 
content and the bio- chemical oxygen demand of the sludge. ~The 
concluded that degasification has no appreciable effect on the t tank effluent 
nor on the digestion of the sludge. 
‘The effect of pressure on the quantity « of gas held in ‘solution has also Y 
= 1 considered. ~The quantity of gas that will be dissolved in a liquid ata 
7 given "temperature is directly proportional to the absolute pressure, od 
¥ 7 where a a number of ga gases are in contact with a liquid, the quantity of each: 

‘that will dissolve ; is proportional to its respective partial pressure. Regardless aa 


r. Sierp’ made exper iments on the digestion of sludge at 


. os of the > pressure on the tank, however, the gas lost in the sludge / supernatant 
oa will be less, in general, than 1.0% of the gas produced, provided only that Ad 


a the sludge supernatant is withdrawn from a point where the pressure is 18 in, Fes 
The | effect of pressure on ‘on sludge digestion be sv as follows: 


Pressures likely to obtain in practice appear to have no no effect on 
bacterial action causing sludge digestion. _ 
— Pressures other than normal do not shorten the he digestion time. 

(8) Degasification under vacuum does not produce more gas nor does 
it have an manne effect on the tank effluent or - _ digestion of the 


(4) in the tank with reference to’ on the quantity & 

‘passing into solution and drawn off in the are 
a 2a In general, depth tends to produce dense sludge, but density is * 
bbe proportional to depth bect because of the influence of other factors. aa 


‘There are ample data from operating sludge digestion tanks to ‘show 


- density of the sludge i is greatest near the bottom of the tank a as inti 


Technische Gemeindebdlatt, Vol. XXIX, p. 267 (1927). 
Sewage Works Journal, Vol. 2, p. 29. 
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fo from top to bottom of the tank, por varies at 
at the same depth. The density of sludge as withdrawn from. tanks of 


“diferent depth appears to very irregular and, within a deep tank 


- 


does a shallow tank. 


upon digestion | than other factors. Fisher compared | Tates of digestion of raw 

sludges containing 6, 12, and 18% solids, and concluded that within these 

limits there was no retardation of rate of digestion in the more concentrated Ae 
_ sludges. . There appears to be some direct correlation between moisture and 
content of volatile matter, with indications that activated sludge may hold» 

- greater moisture than sedimentation tank sludge, for a given volatile content. — 


if Tanks Built of Earth— —The earliest large- scale” a 
sludge digestion tanks was at Birmingham, England, in 1912. This installa- — 
tion followed approximately fifty years of efforts to eliminate the odor arising 
from: | crude sewage and, later, from septic tank effluent. It included a total — — 
_ of fifty tanks, of which thirty were cxnstencted of embankments of engine ash, EA. 
in some cases faced with concrete paving. _ The remaining twenty tanks cates 


= _ Birmingham has a population of ‘about 1 000 000. The dry- weather sewage 


Digestion is carried out in two stages, when partly ‘digested 
pumped from primary tanks to secondary tanks, where the process is com- — ea fc 
pleted. 2 aggregate capacity of the 50 tanks ‘is 340 000 cu yd, 
tanks v varying from 1200 to 17 000 cu yd. ‘The older tanks are 12 to 14 . : 
"deep; some of the newer ones are 20 ft deep. 
2 «At several places in . the United States, earth tanks or lagoons have been ; a 
wed for handling undigested sludge, but their operation is not, in in ‘general, a 
analogous to that of the tanks at Birmingham. However, at Indienepelie, 
Ind, “deep pit it digestion” has been used for both settled 
ae There are seven digestion pits or lagoons about 300 ft square, diked © a 
to give a depth of T to 10 ft. The pit capacity anil amount to 14 cu ft per P aes 
Open Masonry Tanks Without Mechanical far the great- 
- est number of separate digestion tanks in this country are of masonry, and ae 
is ‘connection with concrete tanks that the major improvements in 
design and operation have been made in recent years. Concrete tanks ee 
_ ‘Many advantages over the less expensive earth tanks , the most important of - 
which are permanence, ‘space economy, and adaptability to the requirements - 


Satay earliest concrete tanks were open at the top and had no mechanical — 
equipment. Usually, ‘there was no attempt to control temperature, either by 
_ insulating the tanks with earth embankments or by heating the sludge. - As i 
relatively high per capita capacities were e required. 
‘The sewage works at Baltimore, Md., is the first outstanding éxample of of 
digestion in the United States. I first unit built in 
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* and consisted of three open, sansaiitin tanks, each 140 ) ft long, 


108 ft wide, and varying from 134 to 154 ft in depth. Additi 
since been installed. In 1912 there was available a digestion- sonk capacity of 


= 
11.60 cu ft per capita, and in 1930, with a tributary population of 735 000, 
the capacity was 3.7 cu ft per capita. In that year the ‘sewage, domestic in 
P 


_ Concrete tanks are used for storing digested | sludge with covers at Grand _ 34 


"Rapids, Mich., and open at Peoria and Rockford, Ill. _ Costing roughly > only 


one-third © as much as the covered, controlled tanks in which the sludge is ee 


digested, they provide a relatively cheap storage ) space where sludge may be | 
“held during the winter, when the « open drying beds are not in use. The. storage _ 
_ tanks at Peoria are about 130 ft in diameter; the floors are of light concrete i 
the walls, lined internally with steel plate, are of 12-in. -Teinforced con- 
“crete, to resist earth pressure. The e tanks are not heated and “require no 
Open Tanks with Rotary Stirring Equipment—Experiments with mechani- 
cleaned digestion tanks were begun at Rochester, ‘N.Y. n 1921. At 
~ that plant the open digestion tank was equipped with a stirring device con- 
"ating of two sets of horizontal arms attached to a central il vertical sl shaft 
_ the sludge in the bottom of the tank and gradually moved it to an outlet 
pipe at the center, while the upper arms prevented the formation — of scum 
and distributed the incoming sludge over the surface. 
In 1923, the first full-scale municipal plant incorporating this type of 
-euipment was | built at Brownsville, Tex. - The digestion tank is circular, 35 — 
iti in diameter, and 16 ft deep at the center. agitator is supported 
a steel superstructure spanning the tank, and consists of a gear-driven vertical , 
i shaft with two sets of arms. } The top arms, constructed of steel channels, are as 


" placed just above the normal level of the liquid in the tank. Raw sludge i is , =% 


supported by a a bridge. across the tank. The lower set of arms concentrated 7 


_ introduced through an inlet well mounted at the top of the shaft and flows 7 


- along the - channels, dropping into the tank through a series 3 of holes. 
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Lage 


“more and serve to prevent the <eevubialatiol of scum. The | power unit rd: 
driving the agitator is mounted on the truss 
_ The success of the Brownsville unit led to the building of a number er of 
cimilealy equipped | open tanks in all parts of the United States (see Table 
and Figs. 2 and 3). Since about 1925, however, this type has yielded to the 
Tanks with Fixed Covers but ‘Without Stirring —The desi 
ability of oonaiiiens odors and of collecting gas has doubtless been the 
chief cause of the rapid adoption of covered tanks in preference to open 0 ones, 
although the closed units have other advantages : as well. They are markedly 
superior in retaining heat, and, therefore, promote bacterial activity. Further- 
‘more, by operating with the under side of the « cover u under a ‘slight pressure, 
scum can be kept submerged; the digestion of floating solids is thus acceler- 


ated and the formation of a sometimes troublesome — am la layer pre- 
“Among the t tanks 1 with fixed covers should be mentioned ei Sena Kusch 
design, (Fig. 4) developed in Germany and in in use in a number of German 
cities. The largest | plant making use se of it was built in 1920 at Hildesheim, ¥ 


a city of about 60 000 example i in the United 
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Total tan in 
cubic feet 


Brownsville, Tex.... 

Bartow, Fl: 

Vero Beach, Fia...... 
Lakeland, Fla . : 


DODD 


— 
va” Abe 


Witten (Ruhrverband) Germany 
Atwater, Calif 
Hartford, Wi is . 


~ 


a 


a 
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* Installations Nos. 1 to 13 are without cover of any kind; Installations Nos. 14 to 29 are open-type tanks, bu 
of boards laid on I-beams spanning space between superstructure and tank walls. — 
_ Large capacity to handle trade wastes discharged into sewerage system. — y 
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| 
in- | popula- | niam- depth, | tanks bic feet per capits 
| 400] 26 | 150 
1924 4 000 30 | 16-83 
1096 | 28000} 40 | 20-0 be 
1926 | 30 000 
| Clty, 7500; 35 20-9 “6.330 | 6330 | 21, 
1930 | 3600] 22 | 150 16 400 | 16 
i Dy 1024 15 7 = 10 400 | 2.6 
1027 100 | 20100 | 20 
4 
= 
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SLUDGE ‘DIGESTION 
These tanks are are a development of the old Kremer tank 
i addition of a Kusch sludge cylinder below the apex of the steep hopper 
bottom, and a Kusch sludge digestion tank adjacent to the sedimentation 
Sludge is transferred from the bottom of the cylinder to the ne diges- 
~ tion tanks by hydrostatic head. Two chambers are provided, rapid digestion 
and gasification taking pla the is comparatively large and 


iw 


f the sludge cylinder is about 4h ft, and that because area of 


- contact between the sludge in the cylinder and the sewage is small, the 
ae may be retained in the cylinder for three or four days. _ The effect 
_ of this detention period and the depth of the cylinder is to secure a concen- 
Covered Tanks with Stirring Equipment.—Although a few covered tanks 
with stirring equipment are square in plan, by far. the greater number are 
 Greular. floor cone- a slope about 1 to 
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—Fuoatine Covers on SLUDGE TANKS, aT BIRMINGHAM, ENGLAND 
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sump, permits withdrawal of sludge. The r roof is of con- 

 erete, and either slopes slightly upward toward the ‘center or is dome-shaped. 

Be te is equipped wi with a gas dome, and with pipes for adding Taw sI sludge ae 
for carrying away the supernatant liquor. | When the tank is in operation the - 

- surface of the sludge is usually up in the ¢ gas dome. The latter is equipped rd 
with a water- seal and arranged so that gas can be collected under a pressure > 

- acient to force it through the pipe lines and 1 meters. The : stirring device 

i: E is similar, in general, to that used in the open tank. Table 8 gives data on 

plants using this type of equipment. 
4 Tanks with Floating Covers. —Floating ng covers were first developed to per- a 


‘is now at least one type of floating cover intended he use in new cunetvection, 
A Covers have been added to existing tanks, for example, at Plainfield, N. J c: 
2 and Birmingham, England. The Plainfield covers are of wood; those at 
4 Birmingham are of concrete. The concrete covers (Fig. 5) are each 10 ‘a oy 
wide by 20 ft long, and are placed side by “side, completely covering the 
eae. At the center of each cover is a pyramidal gas dome, connected to _ 
The floating cover designed for shown i in Figs. 6 
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EquipMent, DESIGNED 1 FOR Gas ConLEction 


‘PLAN OF SQUARE 
‘TANK 


pop’ 
stalled cubie feet 


"1926 $4 710 

Sioux Falls, 8. Dak......... 1926 
We 

"Storm Labo, fows........ 1927 
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Fort Worth, Tex........... 
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Boulder City, Nev.......... > 
‘Heights, Mich..../ 1081 | ...... 
Johannesburg, South 
Johannesburg, South Africa. . * 
Essen, Germany............| 1929 | ...... 
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Large capacity to hendle industrial wastes. » No heating system provided. * Including equivalent industrial load. 
perimental u 


— 
PLAN OF ROUND | Volume | tank | 
— 

— 
1928 | 10 000 | 50 
‘a Salem, Ohio.......... 1028 
1928 

a 

Cheektowaga, 1929 | | 
| Los Angeles, ‘ah 
4 Greensboro, N. C...... ..| 1930 
1930 | 8 000| 40 | .. 
Kitchener, Ont., Canada. . .. 


a gas dome at the center to a a point about 2 i in. a: free. the tank ell 
to the lower chords is a gas- tight and Wwater- -tight diaphragm of steel plate, 
nhich floats on the surface of the liquid. the upper chords rests an 
h insulating roof of wood and water-proofed concrete At the outer = 
the trusses is a vertical curb of steel plate, extending from the top chords — 
to below the lower chords and making ag as-tight and water- tight joint with ( ; 
the diaphragm. To insure free vertical movement, the cover is equipped with 
sollers that bear on the concrete walls of the tank. Statistics of sludge 
digestion tanks with floating | covers are given in Table 9. ‘ae 
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feet | feet 
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* Including both digestion and storage. > Hexagonal. Industrial waste. 


Fr Multi-Stage Digestion.—Multi-stage tage digestion consists of a system of two © 


a. more sludge digestion tanks, each 1 connected with the other for the pro- . 
gressive and automatic transfer of the sludge and g gas during ‘digestion. plac 
The primary tank may be equipped with a fixed stee] dome cover and with © 
agitators for keeping the ‘sludge in homogeneous condition | which is” 
considered by 80 some to produce digestion and g gas generation ai at the optimum — 
Tate, The primary tank may be equipped with a hot-water heat exchanger 
ae other equipment for heating the di digesting sludge to the desired tempera- 
ture. The secondary or tertiary tanks 1 may y also be equipped with steel 
covers designed to serve as gas-holders of varying capacities. = = = 
Settled : solids from the sedimentation tank enter the first stage of diges- 
- tion. This primary tank is at all times kept filled to a constant level with oe 
sludge at a proper temperature in a homogeneous condition by 
‘mixers. The gas produced during digestion is collected at one point on the 
dome: roof and taken to the secondary tank for storage. 2 mien os 
_ Approximately 90% of the digestion is said to be accomplished in a a 
first stage and the sludge from the first tank is transferred to the secondary sf 
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tank by hydrostatic head. In the second stage, quiescent conditions c— 
4 ‘Which allow the solids to settle to the b ronangy of the tank and leave ‘the } Super- 


ING 
— 
ing | Total} feet | cubic |feet per 
“Springfield, TI... ........] 1928 90 000 | 40° 21.5 30 000 | 120000} 1.3 
Durham, N.C. (NorthSide)..| 1933 | 30 000 | 8 | 60000} 180000} 6.0 
adar Rapids, Jown.........] 1935 }140000] 60 | 27 | 4 | 56250) 225000) 
Chicago Heights, I.........] 1935 | 30000] 65 | 21.5 4 71 500 | 143 000 
San Coney Island, New York.....| 1935 | 300000] 54.5 | 26.5 | 59.650] 478 000) — 
Medford, Ore...............| 1935 | 14000] 40 | 20 | 25000} 25 000} 
Winona, Minn..............| 1935 | 30 000 50 22.67 | 45 000 | 90 000 - 
1986 33 500 70, 2 23.25 | 500 362 000 
Denver, 1987 | 315 000} 85 | 192 500 | 770 000 
‘Buffalo, 1938 | 750 000 9 | 27.5 | 4 |184 250| 737000| 
‘A — 
4 4 3 
4 
2.5 J 


> SEPARATE SLUDGE DIGESTION | 
drawn from the bottom for final disposal. ~The small 
|e of gas peoduced in the final stages of digestion is collected in the — 
Der = gas- holder cover where it joins the gas produced in the primary stage 
¥ _ There are at present about thirty cities in the United States that have 
molt -stage digestion tanks under construction, a 
; Compressed- -Air Lifts. —One of the simplest means of removing sludge 
“fsomn tanks is to introduce compressed air in the sludge discharge pipe, 
. W hen this method is used, the sludge pipe is usually placed » vertical, or nearly 


so, with its lower and open end near the bottom of the tank. The air pipe, 
in its lower partion, is placed inside it. 
Pneumatic Ejectors.— —Although pneumatic ejectors. are more commonly 
‘al — for | pumping sewage, they have also been installed ae wine number of places 
for pumping sludge. The body of the ejector is a cast-iton pot into which 
the sludge flows by gravity through a check- When a predetermined 


TABLE 10.—Uvizarion Sate or Gas at Sewace TREATMENT Works 


a 


y Reportep | Quantrrr, in THousaNnp Cusic = 


> Heating 
Length | Heating sludge Operating ‘ 


buildings 5 os 


Berlin, Germany (Wassmannsdorf).............. 1929-30 lyr. 12 400° 31 800° 
Birmingham, England (Saltley)................. yr. | see 46 750 
Essen-Nordwest, af 1929-30 | lyr. 
1990, Tmonths | .......... 
lyr. 


Stuttgart, Germany (Mihlhausen) . 1030 


| 


— 4 
| 
— 
a 
— 
‘ 
— 
— 
— | 
A 
} 
— 


— 


inher 1s Taousann Cusic 


‘ontin 


| Miscellaneous to local 

‘gas works 


have 


England (Saltley) . . 


ae New York 
Dayton, Oh 


Decatur, ‘Il. 

Resen-Frohnhausen, Germany. . 

Bggen-Nord, Germany 

 Egsen-Nordwest, Germany 


Fort Worth, Tex 
Gelsenkirchen-N ord, Germany 
mn, Germany 
Germany (Tafelwerder) 


ringfiel ee ‘ | 260044 | None 
6 750 


“ler is iii air under pressure, from either a rotary blower or a pressure 
ak enters at the top and forces the sludge through a second check- valve 
Bsa the ‘discharge pipe. _ Ejectors can b be made to ) operate ¢ eit 


The first, ‘not generally used for 


= to the pu pump hole, hye An up- -and- motion is “imparted to. ‘the 
through shafting, by an electric motor or gasoline engine. The ports are — 
3 usually equipped with rubber ball-valves and renewable rubber valve seats. - 
_ An air-pressure chamber to smooth out the ‘pulsations of the discharge i is pro- 
a vided just outside the pump 

Reciprocating Pumps. ‘reciprocating consists ‘essentially of a a 
4 cylinder equipped with a piston or plunger and suction and discharge valves. > 
Both ball-valves and metal il flap- valves are used. In order to facilitate valve 
deaning, the pump- -casing is usually y provided removable hand- 
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pipe, 

| 
— 
sludge, has a free discharge; the i 
— 
000 4 
— 
— 


= 


Gas Was Usep For: 


el 


Location 


Baltimore, No | Yes 
Charlotte, N. C. (Sugar 


Waterti 


4 


Grand Rapids, Mich.......) Yes | Yes 
High Point, N.C......... Yes 
eheim, Germany Yes No 
* Quantities for German localities were converted from cubic meters. { Based on average value of Reich Mark in 1930 
a 23.87 cents). {Column (10) + Column (9). § Works where quantities were not available. None of the was sold. 


20 Also for heating sludge tanks. ¢ Also for heating gas-holder. %> Wasted. © In addition, 113 300 cu. ft. o ao gaswas 
used, ¢ 65-, 335-, and 750-hp engines for driving sewage pumps. 4 50-hp gas engine-generator. *¢ 830,000 cu. ft. for street — 
lighting; remainder for cooking, / Bottled and sold for explosive in coal mine. Received $279. ¢ Laboratory. + Amount 
for December was estimated. * Cost of laying main and erectin gas-holder was borne by gas-works. Attendant’s house; 
— e¢ 3 540 000 cu. ft. wasted; 219 000 cu. ft. for airport lighting. Also incinerating scum. ¢4 Waste gas not metered. ma 
«Plates held in place by wing- bolts. Valve passages should be amply large, 
- with as few bends as possible and free from any projections that might col- 


“leet fibrous OF suspended materials. Where the — is operating 4 


Ay 


moderate or high 1 heads, ‘an ample chamber s ould be provided in the 
discharge. main as close to the pump as ‘possible. 
Centrifugal Pumps. —Centrifugal pumps have been 
~ handling all kinds of sludge. Single and double-suction impellers, both | open 
or enclosed, have been tried. _ The best adapted to sludge pumping is prob- Bs: 
ably the single-s suction, enclosed impeller, secured to the end of the pump chaft. ie 
this arrangement the sludge “cannot come in in contact the 
ro - shaft, whereas in double-suction pumps the shaft is in direct contact with ie 
and stringy | materials frequently wrap around it and form 1 obstruc- 
fo s. The pumps should operate ¢ at speeds not greater than 800 rpm, and 
_ preferably at 720 rpm, or less, in order to reduce the wear at the inlet of the — 
- impeller. - One or more easily rei removable hand-hole plates in the pump- casing, 
through | which obstructions can can be removed, will minimize operating diff 


“easily disassembled for ‘inspection, or repairs. 
Equipment F FOR AND UTILIZING Gas 


only dente the four or five years, the practice is no new. 
Perhaps the first use made of it was at Exeter, England, where, in 1895, 
Cameron, oe Borough ‘Engineer, collected it and burned it in a street lamp. 


4 


a 
— 
—— 

Re 
Fond du Lac, Wis Yes__ | Yes Received $20 per month 
¥ 
— | 

— 
— 
| 
— 

— 
— 
— 
i} 
— 
“a 
3 

= 
— 


> over two compartments of the septic tank, provided a gas- -holder, 
7 and used the gas for cooking, lighting the compound, and running a 3-hp 
ia engine. _ The first American installation utilising sewage gas was made in 
4915 at the Peachtree Sewage Works, at ‘Atlanta, Ga. Collectors were s set 
@ in the gas vents of the Imhoff tanks, and sufficient gas wes vas obtained to supply 
plant la laboratory a1 and the > dwelling of the operator. 
ede Sludge gas is now used extensively for heating - sludge - tanks and buildings, 7 
and operating gas engines. _ Miscellaneous uses include lighting and incinera- 
a tion of screenings. - In Germany, where it it has perhaps been applied to a 
4 greater variety of purposes than elsewhere, quantities of it are frequently 
gold to the local gas plants. - Table 10 summarizes the data on utilization 
obtained from a number of plants in both Germany : and th the United = 
EQuipMENT FoR COLLECTION OF 


“tte hoods for separate digestion tanks are located above openings at 
high points in the roof slab. Generally, they are provided with separate 
- water- seals, to insure against loss of gas around the: hood in case the level 
the liquid i in the tank is lowered. grids are used 


4 a few the hood | 
tightly fastened to the roof slab 
typical ‘circular gas hood _ 
guitable for digesters as large 
55 ft in diameter is 
trated Fig. 8, and Fig. 
for use larger tanks. 
on hoods: at twenty-five 
plants are given in Table 11. 


containing digesting sludge 


a very real hazard, but one that ah 2 
“may be avoided if air is 


vented from mixing with the | fol 


gas in explosive proportions. 
Floating covers furnish an ade- 


quate and entirely automatic 
= of excluding air, 


they rise and fall w with the He 4 


of 


change of liquid level, 


‘Maintain constant pressure in 
the dome. For tanks with fixed 


covers, the dome may be con- 8.—TrPIcat Gas Hoop ror 


nected to a gas- holder, 80 that 


_ Whenever sludge or or liquor is drawn from the tank, ‘le: vad wi 


gas flowing back from the holder instead of by air entering sieve the water- 


= 
=, 


4 


— 
iif 
month x 
o fur- 
— 
| 
n 1900 a 
sold. 4 
arge, barn how — 

—-— 7 — 
= 
haft. 
with 
od 
f the Diameter —Water — 
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‘ane it should be noted that this ‘method of protection fails if the gas- gas-holder =) 
‘a is allowed to become empty. Either the gas meters installed between am . 
and holder must be of a type that permits free flow of gas in both directions, — 
or they must be equipped with ¢ a by-p -pass containing : a check- -valve. an a 


jan 


Fy 
Center Line of Digester ~ g< Water 
= 


7 Shaft Seal Poe Water Seal~ 


ya "Water Pipe and Nozzle te 


lg 


LONGITUDINAL SECTION _ CROSS SECTION 

RECTANGULAR GAs Hoop For LaRGB DIGESTION TANKS, WITH Dorr 


- Gas was first used for heating sludge, in February, 1926, at Plainfield 
_. N. J. . An earthen t tank with a a capacity of 25 000 cu ft was provided with ee 
4 floating wooden cover for § gas collection and a coil of iron pipe for circulating — 
_ the heating water. The boiler was equipped for use of both gas and soft coal. oe 
ot In the fall of the same year, two additional sludge tanks were constructed 
and were heated by the sludge gases. The Plainfield installation also 


included two 15- hp gasoline engines, modified to use the sludge gas for fuel. oe 


The power was used to operate blowers for activating the sewage. 

_ Other cities were not slow to follow the example set by Plainfield. lu One i 
Bs of the first was Antigo, Wis. ‘That plant, built in 1927, included a covered i 
digestion tank with heating coils, a gas boiler, a ‘pump for “circulating hot 
water, a gas meter, and other auxiliary devices. For a few months before 
the gas boiler was installed, the gas was used in a coal-burning steam heater. oa 

At present, water heaters and steam boilers are both used to generate heat 

for maintaining temperatures in sludge tanks. Boiler installa- 

tions must include an auxiliary water heater, because steam is not used 

directly in digestion tank ‘coils, Heating the water directly by gas is slightly 

‘more efficient, but because of the low temperature at which the water heaters 
operate, their burners are frequently corroded by the action of the 

sulfide in the sludge gas. ‘difficulty is not encountered in the boilers. 


_ Methods for transferring the heat to the sludge include: ie: 


all Circulation of heated water means of a closed system colle 


(2) Discharge of heated water 01 or heated sludge e liquor directly into the 


(3) Pre-heating of the | sludge before its. discharge into the digestion 


4) of slud e throu he a se arate ta nk ui ped with 


— 
a 
— 
— 
: 
— 
a | 7 
| 
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WES 


"SONS HH 


y 5 ft. 0 


t. 6 in. by 6 ft. 8 


Galvanized sheet iron.. 


pe....| 


pi 


. 


Cast-iron........ 


Rectangular . 


Rectangular . 


Sheet-iron, circular 
Sheet metal...... 


Circular........... 
Floating cover..... 


Sheet-iron, rectangu 


Cast-iron flanged 


Circular. 
Circular 


Cast-iron flanged pipe. 
Circular....... 
Sheet-iron.... 


Creek)...... 
German 


ixp. Station) 
Grosslappen) 


C. (Sugar 
y {atelwerder) 


Location 


te, N. 


Munich, Germany 


Grand Rapids, Mich...... 
Greensboro, N.C. 
Los Angeles, Calif. 


Essen-Frohnhausen, Germany 
Fort Worth, Tex............ 


Chicago, Ill. (Des Plaines)... 
Essen-Rellinghausen, 


Fond du Lac, Wis........ 
Halle, German 
High Point, N. 


<4 


Charlot 


al 5 ft. 0 in. aS 


Steel, circular. . 


3 


‘xe 
= 


Floating cover. 


ft. 6 in, 


Springfi 

Tol 

Toronto, Ont., Canada...... 


> 


non 


2 ft. 5 in. by 6 ft. O in. 


ft. 6 


Dn 


No 
(Oil seal) 


bolted iron cover...... 
Rectangular............ 


Concrete, circular wit! 


Circular....... 
Rectangular... 


0, Ohio (Bay View Park) 


Waukesha, Wis.......... 


bef 


at 


7 


minha 


34 
° 
§ 
3 
> 


_ © Used for a while but found to 


im 
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‘earth should be kept dry, for it loses about one-half its” “efficiency 


becomes saturated. In some cases special insulating materials may be found 
Any heating system requires equipment and many 
regulating devices which need frequent checking and servicing. 


of the largest generating plants in the world driven: sludge 


is that at Birmingham, England. The first power unit—a 25-bhp gas engine— es 
os was installed by Mr. John D. Watson in 1921. The engine was used to operate — Bs 
a 5-1 -in. centrifugal sludge pump ' with a capacity. of 540 gal per min against a 

of 36 ft. consumed, per horse- -power hour, 20 cu ft of gas, with 
methane content ranging from 60 to 77 per digestion tank thet 


furnished the gas had a sludge capacity of 2160 ¢ ae a 


Although the experimental unit showed weaknesses, and 


the rate of gas production fell short of expectations—especially during dll 


engine worked successfully and produced sufficient power to 
drive the pump. As a result, a much larger engine (Fig. 10) was installed 
in 1927. ae was rated at 150-bhp and drove a 100- kw alternator. A — 


engine, with an n output of 400 bhp, 1 was added in 1929, ‘and another unit of x 
the same sizé was installed a year later, making a total capacity « of 950 bhp. : 


these e1 in 1930 totaled 46 750 000 cu ft, an average 


Among sewage treatment works in ‘the United State gas 


ey be e necessary to use gasoline, the cabanas can be re- attached i ina 
short time. One of the units is a 75- hp, 4- cylinder engine, ‘direet- conn. 


. to a centrifugal pump handling 3000 gal of sewage per min, and the other — 


a. is a 225- hp, 6- -eylinder engine dr driving a centrifugal air- -compressor with | a 
art. capacity of 3500 cu ft of air per min. . It has been estimated that the saving I 
. electric current would repay the cost of the two engines (approximately — 
$10 500) in about three years. ¢3 Fig. 11 shows a 300-hp engine at Peoria, I, 


Ind. 


Topeka, Kans. 360 Kokomo, "Ind. 
Coney Island, New York Hutchinson, Sane. 
Arbor, Mich. ............ 120 Kewanee, Th. 


Proceedings, Am. Soc. C. E., June, 1937, p. 1117. 


>. 


— 
‘ 
or 
| 
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— 
> gasoline engines of standard design, excep a e carburetors have 
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10.— ENGIN» Usine Stupce Gas as BIRMINGHAM, ENGLAND 


| +5 — 


< 


on orse- 


Rockville Center, N. Y. .... 
La Crosse, Wi Grand Rapids, Mich. ....... 50-+ 
Atlanta, Ga. (Clayton Plant, wh Monroe, Wis. 30 
approximate) ...... 600° iscanaba, Mich, .......,.... 1 
gas engines for the operation of 


—COMPUTATIONS TANK CAPACITY AND 


The notation introduced in ‘this. conforms essentially to t the 
4 “American Tentative Standard ‘Symbols for Heat Thermodynamics” 


approved by the American Standards Association in 1931. 

= area, in square feet; Ay = area of roof; Aw = area of walls; 
Hj a+ = the fraction of volatile solids digested i in time t; ay = = = the frac- a 


of volatile solids digested in time fo; 
theoretical required capacity of a sludge tank, in cubic feet; 
_b = thickness, in inches bg = thickness of roof; bw — thickness of 


walls; by = thickness of the bottom of the tanks: 4). 
= calorific value of gas, in British thermal] units cal cubic foot; 
= percentage efficiency of utilization; == = 
= surface coefficient of transmittance per Fahrenheit; 
fi = surface coefficient of heat transfer, to the inner curfess 
_ of tank; f, = surface coefficient of heat transfer from the 
outer surface of the tank; 
cubic feet of gas produced per pound of volatile solids digested; — y 
a ratio; K; = ratio of the volume of liquid sludge added daily u 


4y 


= 


ll 


i to the volume of sludge in the tank; K, = ratio of weight of Y 2 
a volatile solids added daily to the weight of volatile solids in ma: 4 
= thermal conductance of a homogeneous material 1 in. thick, os # | 

4 British thermal units per square foot per hour of area, per i 
a inch of thickness, per degree (Fahrenheit) difference of ‘tem- wy 
perature, between the two surfaces of the material; = | 
= rate of sewage flow, in millions of gallons daily ; 
= thermal transmission, in British thermal units per hour; 

= heat transmitted through the roof; qw = heat tran 
mitted through walls; heat transmitted through 
dry solids added daily to sludge tank in parts per million. of 


temperature; = temperature of the sludge in 
temperature of the outside air, or earth; = tempera- 


— 2100 — 1931, 


7 
a 
— 
— 
4 
ES 

| 
“4 

| 

é 


were 


ot 


bore; = time, in days; adopted period of digestion; = time 
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substantially complete digestion (arbitrarily defined 
the time required to reduce the volatile solids by TON): 2 


t, = maximum interval between sludge drawings; t, = 
aot 
mum time during which no digestion occurs ; 
U= over-all coefficient of heat transmittance, in British hela 


Unite per square foot per hour, per d degree (Fahrenheit) differ- 


through the veel: Uy = coefficient for heat 
through the walls; Us = coefficient for heat trans- 
_ mittance through the bottom of the tank; 
V = volatile fraction of solids; . ’ 
weight, in pounds, of dry solids added daily ; 
_ w = percentage of water by weight; Wo = = percentage of water in 
a entering sludge; w. = percentage of water in the withdrawn 
‘ sludge; (Wm = mean percentage of water in the sludge re- 


maining in the tank = 


Caracrry Computations 


of digestion is shortened he ‘heating the sludge, and by Giduaine. agitation, 
or circulation. Moreover, there is no waste space such as that taken up by 
sloping baffles in the lower ‘story of the Anhoff tank. ‘With the smaller, 


le heated tanks, however, it must be borne in mind that the sludge must be 7 i 
drawn more frequently, and that the supernatant liquor is not cared for 


ban abi los 


It has been the practice to state ‘the capacity of a - sludge tank in ‘cubic 
feet per capita, or cubic feet per million gallons daily of sewage. Neither 


of these units is altogether satisfactory, because of local ‘differences in per 
- Capita quantities and in the strength of the sewage. _ The amount of a. 


“solids in n the removed daily the sewage. must ako 
be given to the percentage of volatile matter in the solids, percentage digested, ° 
and, most important of all, the water content: of the sludge. 
® Rational formulas have been developed for capacities of sludge ge tanks under a 
Several typical conditions, and diagrams have been prepared by the use of 
vt which capacities may be quickly obtained for widely varying conditions. ae Fo 
Case I—Continuous Operation, with Daily Withdrawals. —Assume that a 
tank j is in operation with a given weight of solids added daily and that an = : 
equal weight of solids disappears « daily by digestion and withdrawal, so that 
the measurable sludge i in the tank remains approximately at constant depth. a 
4 ‘Solids withdrawn | include those passing: out with the overflow of the super- 7 
liquor. error in assuming a uniform rate of digestion from 
to withdrawal is on the side of enfety. = 
The quantity of dry solids added on any one day will reduced by 


igestion in the following period o of t days by a1 an amount, a Ww 


| 
| 
— 
— 
Ky 
€ 3 
— 
— 
— 
ly, 
of 4 | : 
in 
: 
ur, 
— 
— 
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will be nV W corresponding total reduction in weight will be 


the solids remaining ‘in’ the. tank will be Wt 


rt 


poun side. dry must W . Obviously, 


of solids to be provided the tank is s equal to times the 


4 


w eititende. The theoretical total weight of solids and liquid is i. an meh 
which divided by the weight" of a | cubic foot of liquid (62. 5 2.5 + Ib) gives the 
minimum theoretical required tank capacity, in cubic 


1 
— required ea in cubic feet per pound of dry solids added anit is, 


a 4 | 
Example 1 30 day #2 = 10000; 
W = 10000; S = 120; Q = 10; dad wm = a per cent. " ‘Then, by Equs- q 


tg = 6.88. co ft per Ib of solids added daily; ‘and B= 53 000 cu ft : 
(net capacity). ‘he n net is 0.53 cu ft. Two tanks, 40 ft 


ad 


— 

| 
— 
— 
— 
— 

—— 

— ‘| 31 vit al 
4 

—_ #8 
4 

© 
4 a 4 
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in _—— xr and 21.2 ft deep, will give the required volume. If the | depth i is 
- jnereased 3 ft to allow for scum and supernatant, the gross volume will be ; 
60800 cu ft, or 0.608 cu ft per capita, 
This | solution is for a controlled tank under ideal conditions. A ati 
factor of safety should be applied to the theoretical quantities, because the 
~ agsumed conditions i in any sewage are ‘ “subject to change without notice.” 
II. —Periodic Withdrawals, Incomplete that 
~ tank is in operation with a given weight of solids added daily, but that the 
withdrawals of of sludge take place at intervals of days. Further, assume 
a that every part ‘of the mass of sludge removed from the tank ata drawing 
has undergone digestion for ¢ days. If ¢ + #, is not greater than fo, the con- 
ditions are as indicated in Fig. 12, in which ty (max.) is represented by the © 
horizontal distance between the ‘ordinates 2 at x and in the diagram. 
The weight of solids removed at eaid withdrawal is represented by the cross- it 


hatehed ar and ‘equals Wit t, 1— ( 1+ t+ t+) 


to, 


_ weight of solids in the tank before drawing, is W (¢ + 4) 


The e required volume is, haw 


Example 2. —Substitute_ numerical value 


t, = 15; ar = 0.50; v= $5 wm = 0.925, in (8); 
B= 72000 cu ft, net ‘capacity. 
_ Again: If + ‘is greater” than fo, ‘the conditions are as indicated in 
a Fig. 12, in which ¢, (max.) is represented by the horizontal distance between 
_ the ordinates at x and z, in the diagram. ~The maximum weight of solids in 
the tank, before drawing iswl to gad? + (t- & 
and the required volume is" 
an 


Example 3.—Substitute the following numerical values : 10.000; 
$= 80; 80; 45; a, = 0.75; = 0.925; w, = 0.90, in 
(4); ; and B= = 84.000 cu ft, net capacity. 
Case III. —Periodie Withdrawals, Complete Digestion.—The situation is yy 
* ry in Fig. 12, in which ty is the horizontal distance between the ordinates 
at y and z, in the diagram. ‘The af in 


4 si 
— 
, the 
| 
— 
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— 
— 
— 
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| 
q 
0000; 4 
Equ- — 
40 — 


2.5 : 


bpd 


_ Example 4,.— Substitute numerical values: Ww 100 000; 
= 0%; to = 453 = 15; wm = 0.925; = 0.90, in 
tion (5) ; B = 84000 net capacity. a 


Tti is to be noted that the identical results obtained in Examples (3) 7 


whereas 30- day intervals may result in only 50% digestion. scat 
—Unheated Tanks in Cold Climate—In unheated tanks in 


‘cold climate there will be periods during which digestion practically ceases. = 
In such cases, in to thst computed by Equation (4), will 


may be reached the intervals. ings do not exceed 15 days, 


it 7 
expression, ty represents the. ‘maximum interval ‘between _draw- 
ings. The point where t, stops and t begins is not sharply defined, but m my 
Yl be estimated, within reasonable limits, from the temperature of the sewage. 


"4 Digestion may be assumed to cease when the temperature of the sludge has ee 


it has been early drawings from Imhoff t following 


cold weather, give sludge of greater density than is indicated by. ‘This 


has led to the assumption that undigested sludge is densified by long storage 
and the volume correspondingly reduced. | With increase in temperature, how- 
ever, rising , gas will expand the sludge mass and cause “foaming” and oes 
if ample capacity is not provided. = = 


Example 5.—Let the various numerical values be as in ‘Example 


and let ¢, = 60; and w, = 0.95. By ‘substitution in Equation (6), BR 


V.—Tank Capacity as Determined by Permissible Ratio of Daily 
- Additions of Volatile Solids to Volatile Solids Remaining in ‘Tank.—Experi- 
: - ence has demonstrated that the ratio, Kv of f volatile Solids a added, daily, to the = 


tanks, ‘nor 5%, controlled tanks, Capacity ‘determined by 
the preceding E quations (1), (3), (4), ¢ or (6), should be checked to see that 2 


— 
volume 
— 
4 
ff: 
— 
— 
4 
— 
‘ 
= 
‘ 


In order not to the 


K,, the ‘volatile solids in the tank at all times must be be - 
the total solide in the tank must be VW (2—a@V) _ Taking 


_ into account the water content and dividing by 62. 5, the required capacity is: : 


tank should not ‘be drawn lower than indicated by Equa- 
Expressing the permissible quantity of influent, ‘daily, in terms: 
its volumetric ratio to the quantity of sludge in the tank: 
4 ludge added daily 0.016 W 0.016 W (2—a, V) 
4 “Sludge i in the tank = (1 —wn)K, (2— a;) 


a 


6.—Substituting in Equation (7) , the numerical v 


in Example 1, B = r an uncontrolled 2370. 


118500 cu ft, a controlled tank, B= 


For uncontrolled tanks, K; = 1. 35 X 0. 02 = 0. .027; and for ETE tanks, 


It will be noted that the foregoing value of B, for the controlled tank 5M 


ar 400 cu ft) is about one-ninth less than the value obtained in Case lL in 


supposed in Case I Iw were followed, namely, daily withdrawals, the former 
computation would stand and the capacity would be theoretically sufficient, 
‘providing the tank was never drawn down below a capacity of 47400 cu re, 


OF eight- ninths of its computed net t capacity. att 
In Case II, Equation (3), the net capacity was: computed as 72000 

cu ft. In order always to leave 47 400 cu ft in the tank, it should never be E 

drawn lower than 47 400 + 72 000 = 65.8% of its net capacity. Similarly, 


in and ‘in the | of draw. down would” be 


which the period of digestion i is assumed at thirty days. If the method pre-_ 4 


Substituting values in last member of Equation ( (8), K,= = 1.35 Ky. 


a 


=: ontr 
135 x 0.05 = oes, [chek eck: 0.016 x 10.000 _ - 0.0675. 
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500 + 276 000 = 42. 9% of its net capacity, 
= will be observed that the ratios, Ky and Ki, , have two applications, 
useful to the plant operator: qa) The Sizing of the limits of sludge with- 
_ drawal; and (2) the transformation of the ratio: of volatile solids, Ky, into PS 
of relative volume, In the latter "determination there are 
+ principal factors which affect the value of Ki, l, namely, the change in water 
content of the sludge’ and the percentage reduction in volatile solids, 
a example, the greater the reduction of the water content, in the tank, the iy 
greater the value of On the other hand, the greater r the reduction in 


to and ‘unheated tanks. They. axe plotted (8) al 
ov exhibit 1 the relations of Ky, and Ki. Fig. 13 (ce), (d), and (e) are based, respec: 
tively, on Equations (2), (4), and (6), from which, by using the constants = 


in ‘Examples 1, 3, and 5, the following three abridged 


"formulas have b been deduced : at V V); 7. Ao r); 


and, — B = 72 (32. r). Fig. 13 (c), (d), and (e) are plotted these 
with “Amount of Volatile Solids” “Amount Digested” (both 
expressed in percentages) as variables. In each diagram, , the quantity sought a 
may y be found on the curves or may be approximated ‘elosely | by interpolation. — 
= For different scommptions of the time elements and water contents, variations — 
may b be made in ‘the constants in the abridged formulas from which different, 4 


be) General, —The quan quantity of gas produced by the digestion of sludge amounts 


i to 1 from 0.5 to 1.0 cu ft per capita per day, or from 5 to 19 cu ft (average, 13 
at u ft) per lb of volatile solids added daily to the tank. A ‘more definite unit mt 


for use in computation, however, is the amount produced per pound of vola- — 


tile solids digested. The general | average for this value is about 12 cu ft. ag 


5 Calorific values of sludge gas are discussed in Section L. 
a a tank is first wafmed, the temperature of ‘the: entire mass of sludge 
7 ae - must be raised, and a relatively large amount of heat will be required ; : but me 
after the operating temperature has been reached, it is only necessary to make 
; up the losses due to ‘conduction and radiation and to heat the relatively ‘small 
‘Heat losses through the wid walls, and of the me all be be 
into account. formula « commonly used for ‘determining heat loss. 
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SEPARATE SLUDGE DIGESTION 
or in contact with earth at a lower temperature, To, is: 


+5) 


if the wall i is not homogeneous but composed of several I layers of nelle 
— with different values of k, each material is considered separately; that is, 
+ wart denominator of the 5 compler: fraction will contain more than one term, —, | 


3 rf liquid rather than air or gas is in contact with the wall on the inside 


the fraction, —, is irface coefficients 
_ spaces less than 4 in. in en are also omitted, assu ming there are ‘3 


Coefficients of thermal conductance and of 

ls are given’? in Table 12. Most of these coefficients ts have 

been determined in air for heating and ventilating purposes and from ‘bet 

pipes buried in the ground. _ There is need for experiments to determine — 

under the conditions ‘actually obtaining in sewage practice; is, 
tanks: of concrete, wood, and steel, containing sludge and g gas at 

4 range of temperatures met in sewage work. Coefficients of surface transmit- 


se ~ tance into” the air from hollow tile, steel, wood, concrete, and earth surfaces, 


losses into surrounding wet or dry earth losses cause d b flow of 
water, should all be given further study. 


it 


24 THRoveH Homogswaovs Marenuats, 1 Turck, 1x|| Posen To Stm. IN Barrsa 
Tuermat Units per Square Foor per Hour; Corrricrent k. Twerma, Unrts per Square Foor 


Wi White pine (across the grain). . “0.7 78° Air spaces "Air apaces thicker than in. than }in.. “Smooth plaster surf plaster surfaces 
Yellow pine Dry brickwork. . i. : Wood 
Damp or wet brie oris..... Brickwork 
Maple. Cement mortar. . Average of many building ma- 
Cinder concrete . terials 
Wood (average | igo concrete . Concrete exposed to dry earth. 
Cellular gypsum . Conerete exposed to or 


Hollow tile (2-in. 
Tar and roofing 


by 3. tt 


_ Example 7—Let W = 4000 ee V = 3; ao = 0.75; pod = 0.95; 
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SEPARATE SLUDGE DIGESTION 
air, = 50° F (mean annual) ; To, in earth, = ie P Gidi annual) — 

and T>, for ground- -water, = 54° F. The velocity of the air is assumed to be — 
The: dimensions of the digestion tank as follows: Diameter, 400 
height, 24 ft, of which all but 3 ft, is banked with dry earth; roof, 8-in. con: 
erete; walls — 18-in. concrete; and floor, 12-in. concrete, located — below the 4 


water- table. Gas is present between the sludge ‘surface and the roof of 


The heat available per hour is: “30 


= 420 000 Btu 
‘The heat required to bring | the incoming sludge to the specified digestion — 


(T, — T,) __ 4000 (82 — 56) Dabivib of 


96606 Btuperhr (sy 
we) (1 — 0.95) 


“The losses are found by substituting known values in Equation | (9): 
x 405 U; ) + x < 4020 2) = 1200 U, | 7 


= 23 300 Btu be 


is An Un + Aw + Ax Uz, or 62 000 Btu per hr. 
Jee this the amount required to heat the i incoming sludge, the total heat 
a ‘Tequired is found to be 148667 Btu per hr, or 35. 4% of the heat available ~ 
B+ These computations, it will be noted, were based on assumed mean annual 
temperatures for incoming sludge, air, earth, and ground-water. More heat 
will be required per hour i in the winter, and less in the summer. A complete 
Investigation, of course, would include | computation of tho for 
Although cost of construction rather then. the question of heat loss 
st usually dictate | structural dimensions, it is of interest to note the effect 
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decrease of 6 in. in the thickness of the tank wall would : ‘raise the value of 


| 
= 
a 
4 
(9) 

- 
rial 
— 
air 

no — 
: 
for 
— 
bot 
ine 
im 
— 
the — 
nit- 
ces, — 
q below. Then, 

E 

i 

E 

— 
— 


| 


to 28 900 Btu per hr—an increase 24 cent. 


be noted also that if in 
had been in contact with the roof, the fraction, 


“Regardless of wh whether or not “disposal is preceded by digestion, the 
c problem of getting rid of sludge is an important one b: both to the designer and — ae 
to the operator. ~ Local conditions 1 will determine the extent of the provisions ay, 

_ necessary, and, together with the method of sewage treatment in use, must aa 

be taken into account in selecting the methods to be used. In general, mt! 
methods may be divided into (1) methods for disposing of liquid sludge; and 
(2) methods for disposing of dewatered sludge. 

fi ve main methods of disposing of liquid sludge are: (a) ‘Transporta- 
n y ow to some . suitably isolated point in deep water, ina lake, sea, or 
ocean; (b) transportation by tank wagon or truck to agricultural lands where 
eé the solid portions are eventually plowed under and become a source of at 
’ 4 food; (c) “lagooning,” or intermittently flooding the sludge upon a favorably — 

Joeated tract of land, until deposited solids completely fill the area 
used ; @ broad irrigation; and (e), discharging into the flood waters of a 
stream, or by pipe line into the deep water of a lake or sea. a ne Ie a 

ae Method (a) has a limited applicability. Outstanding « examples are large Se 
seaport cities. ‘The City of London has used this m method, ‘and New York 
3 7 ¢ ity will dispose of-some undigested sludge from the Wards Island plant in nr 
7 As the fertilizing value of liquid sludge is extremely small in proportion 
its bulk, Method (b) is not unless local conditions are 
Method (c) is not final the deposited solids co1 constitute a 
fill of suitable character. The dried sludge may be hauled away by 4 farmers e 
_— for soil treatment, or by others for use on lawns, golf courses, parks, etc., -— 
that the capacity of the lagooned area will be prolonged indefinitely Undi- Pe 
ste ‘sludge i is lagooned in this manner at Indianapolis, Ind. ae aan 


the 


before being same disposed of. — This may be done < on drying beds or by ; 


— On the other hand, 
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limate conditions are both favorable. Li meet the 

soil and the ¢ lication and its use is not likely 

Method has a limited application and it 

laymen or public health officials. 

8pproval of ei 

7 

— 


several types of pressing or filtration « equipment. In general, the 
z drying beds produce a -eake from 3 to 5 in. thick, and the filter presses and 
vacuum filtration equipment produce a cake less than 0.5 in. thick. Either 

cake can can be transported readily +3, 

hay There are six main methods of disposing of dried or partly dried sludge: 
Sale or disposal for ‘use as fertilizer ; (0) ‘Wasting; as ‘fill; 


a a 639 000, reported that all their’ sewage sludge 
Po sold as fertilizer, and thirteen additional cities, representing a popula- 
tion of 664 000, reported the sale of quantities varying from 10 to 95% of 
- the total production. Data on on the sale of sludge by some of these cities are 


13.—Data on Sate or Stupce ror FertmizeR 


TA BLE 


«Cit 1930. T plant f to 


Los Angeles County Sanitary 

Activated sludge 
Activated sludge 


Imhoff tanks: Trickling filters. .| 


Imhoff tanks: Trickling filters. . . P 
Imhoff tanks 
entucky: 
Thomas. ..... 10 089 | Imhoff tanks: Trickling filters... 
Harbor Imhoff tanks: Sand filters... 
Pontiac. 64 928 | Imhoff tanks: Trickling filters 
Activated sludge.......... 
Imhoff tanks: filters... 


Imhoff tenks: Trickhng filters.. 
Plain sedimentation 
rests 


Or 


€ 


~ 


Schenectady. 
Carolina 


Imhoff tanks 
Imhoff tanks 
Imhoff tanks: Trickling filters.. 
Imhoff tanks: Trickling filters .. 
Imhoff tanks: Trickling filters... 
Septic tanks: Sand filters. 


'*Price per year. Price per cubic yard. per load. 
# The most Conspicuous example of the disposal of f sewage ro sludge as fertilizer — 


is | Milwaukee, Wi is. (not included i in Table 13) ‘where during 1928, 1929, and 


709 
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Bernardino.............-. 20 804 | Imhoff tanks and areation...... 100 =| 20.00 

692 | Imhoff tanks: Trickling filters... 
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1980, 911 800 wes s of ‘sludge (Milorganite) was sold for $1 720 000—an average | 
price « of $18.75 per ton and an average production of approximately. 1.0 ton 
of fertilizer per million gallons of sewage treated. The Milwaukee - works 
include grit chambers, coarse screens, fine screens, activated sludge 

clarification, and sludge filtration, and drying. 
_ The major element contributing to the value of sludge as a fertilizer is 

nitrogen. reported the “nitrogen: content (dry- -residue basis) 


‘Imhoff tank sludge. 
tank sludge. .. 


Keefer’ reported the results of sludge- drying at Baltimore over 
a period from August 1, 1921, to June 1, 1924, , during which time 7 448 tons 
a of wet sludge containing 68% moisture were dried to 2949 tons of a moisture 43 
‘content varying from 9.4% to 23.6% and having content of nitrogen as 
‘ammonia of from 2.05% t 2.60% on the dry basis. 
_In general, it may be said that the sludge produced i an activated 
plant is considerably r richer in nitrogen than that produced in clarification- 
sludge’ digestion plants. The Milwaukee sludge, for example, averaged 
about 6.5% nitrogen as ammonia during 1928, 1929, and 1930. aoohana dite 
hy Phosphoric acid and potash are usually present in sewage sludge in small - a 
7 —_ (less. than 1%). To the ‘present, the relatively low market pr price aes 
of these ingredients has removed them serious consideration ; however, 
intl the future, they may be of value. Boga) mal fe are 


High Grade Ground 
Tankage at (Chicago 


Price of Nitrogen 2 


> 


1910 1912 1914 1916 1918 1920 1922 1924 1926 1928 1930 1932 1934 


years, "1910-1931, inclusive, based on the sale of garbage tankage at Chicago, 


12 Engineering News-Record, July 14, and 21, 1921. 
Loe. cit., February 11, 1926. 


— 
| 
— 
& 
sid 
— 
— 
— 
| 
‘4 
— 


te for the years, 1928 to 1936 on the sale of sludge 

- (Mlilorganite) at Milwaukee. The higher nitrogen percentage composition of = 

 Milorganite ite probably ¢ enhanced its unit price | and, in addition, it is. probable — . 

more of it was sold direct to ultimate Excess activated. 

has been dried and prepared for the market at Pasadena, Oalif., and at 

Houston, Tex. Digested sludge from open beds has been dried and sold for 

fertilizer for use at Grand Rapids, Mich., Dayton, Ohio, and Rockford, 

iu. The net revenue at these plants has been relatively small but, in some © 
“fears, has been sufficient to more than meet operating expenses and thus to. 


“dispose of the ‘sludge with a1 an income instead of an expense. 


Method (b).—Wasting.—lIn this method the air-dried sludge is 
} from the drying beds to some convenient place where it is allowed | to accumu- 
no plan is prepared for its ‘ultimate disposal. aa 
Method (c).—Use as Fill—In this case the air-dried sludge is transported — 
borrow-pit, or some other excavated area. This method of disposal is 
limited by the capacity of the area which can used economically for this 


Method (d).—Burying this method the dried sludge is thrown into 
- trenches and covered with earth. This method is expensive, and is warranted ey 
only where a lack of isolation makes it desirable to remove all possible ie 7 : 


Method (e) -The sludge is burned in specially a adapted 

furnaces or in open piles. If air-dried sludge is properly incinerated, noth- 

g remains but the ash, which is | inert and not a source of nuisance. “a 
some cases, the sludge from a drying bed is collected in a pile on the bed 

itself and burned, leaving only the ash to be removed. 

Method (f). —Transportation to Sea by Scow— method of is 

x limited to seaport cities, and it is a oe of economy as to whether the 


‘two or more of these methods will hd ein use at the same place. a For example, 
Ls where sludge is ‘wasted or where it is : used as fill, portions of the ‘citi 

material may be hauled away by private individuals for use as fertilizer, __ 

fon _ The Municipal Index for 1931 reports the methods ; of sludge disposal of 
“308 « cities and villages in the United States, as follows: 


a) Sale or use as fertilizer. ‘ 


Wasting ... 


3 


(10) Transportation he scow for disposal in ocean.... 
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5 
ns 
re 
— 
4 
ed — 
— 
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er, 
cols, 
the disposal of the larger bulk of liquid sludge in the same manner. 
“a 
i 
) Discharge into a body of water..... — 
10 ) Part used as fertilizer, remainder wasted...........-.. 9 
Part used as fertilizer, remainder used as fill 
— 


7 (13) Part used as fertilizer, remainder lagooned. 
(14) Part used as fertilizer, Temainder buried. 


of total, as indicated in the comparison : 


probable that some who reported that sludge incinerated or 
buried had i in mind ‘Screenings instead of sludge, and that others who reported s 


it as discharged into a body of water were confusing it with plant effluent, — es 


_ The entire process: of sludge digestion should be carried on 5 


i "creating objectionable odors; should leave the solid and liquid by-products in 
_ a favorable condition for further treatment or final disposal ; should provide 
for recovery of by- products if desirable; and, finally, should be economical al and 3 
The basic design of two- o-story tanks has been standardized to 
ieen: extent. Asa consequence, the operating technique is also more or less i 
This has not been the case with separate digestion tanks, in 


which variations in basic features of design, and differences in the qualit 


s sludge handled, have resulted. in a wide variety of operating “practice. 
_ Some of the following statements, therefore, may be subject to considerable — 
as futur re data are and co- -ordinated. 
"Experience “has shown th that digestion tanks ean be put i into succental a 
operation without the u use of seeding ‘material, but the time e required for 
buildin up an alkaline sludge will undoubtedly be longer, and more careful — 
= of operation | may be necessary, than if the tank is seeded initially. — “g 
The quantity of seeding material introduced usually ranges from 20% to 
40% of the tank capacity. Seeding is especially desirable if a tank is being 
put into operation ‘ in the winter, although even then it is not aa neces 
sary for either the two-s -story or r the separate digestion tank. Ms 
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ay 


Inrropucrion OF Super 
q ‘After tanks are in operation the problem of maintaining a proper itll 


between the ‘digested, partly digested, and fresh solids, is encountered. The 

quantity of seeding material in the digestion compartment should always 

- sufficient to counterbalance the acid produced by the incoming fresh solids 

‘Tt is advisable to add fresh solids continuously, or at frequent intervals, ‘and isi 


rates not 3% to of the solids in the tank. This 


‘the tanks are although it may be necessary in cases 
where the unusual character: of sewage or improper operation of tanks has 


, The results ‘obtained to: a large extent “upon the quantities of 
and the method of application or mixing. hey 


Was 
‘There i is considerable difference of opinion as to the alii of stirring 4% a 


inde. T does seem necessary or r desirable, however, that some stirring be 
¥ done, at least. during intervals when r: raw sludge is being introduced into the 
j tank. The amount of stirring that should accompany this process ronndl 


com: ‘some e agitation may be: necessary when sludge is sing 
‘ drawn. Stirring in separate digestion tanks has been practiced to varying 
in many installations. The advantages usually claimed are that *.. 
the entrained g gas a at ‘a uniform: rate, and promotes digestion by ' 
helping to maintain a favorable reaction, mixing any chemical re-agents 
that ‘may be added, and assisting in distributing raw sludge through the tank. ie” ; 


CouLecTion, MEASUREMENT, AND Srorace or 


operation of this phase of the sludge digestion process may be 
as 
t 1. —Individual and master meter readings should be recorded daily. Meters 
 2—Gas lines, domes, ete., should be checked d frequently and kept clear a 
uwy from obstructions at all times. Usually, ar ample sizes of pipes will insure 
ae ao in the system should be checked and recorded daily, or more 
Water i in Seals should t be maintained at proper levels, and kept clear 


— W130 — 
— 
— 
— 
— 
0% 
pds basis (see Section IV). — 
The optimum pH-value, or reaction, for any particular plant must be 
; a The re-agent generally used in reaction 
lor d 
4 
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being 
neces 
na scum. UU slide seals shou be hilled with or simular materia 


ge 5—Lights and Gres be kept away from tanks: from 


=, 


| 
‘Kea The removal of sludge depends upon the | degree of digestion attained, Th > 
unheated tanks it is advisable to h hold sludge i in the tanks as long as possible 4 


in the spring in order to "take care of the winter accumulation < of partly 
digested 

‘In the process of drawing, the sludge should be allowed to flow ata slow 
regular r rate, in order to prevent the formation of channels and the with- 

drawal of partly digested sludge. Failure of sludge to flow may ‘usually be % 


4 remedied by a agitation with water-jets, or by mechanical means. — te 


_ The accumulation of large quantities po aap which consists of fibrous 

material, such as leaves, sticks, matches, and seeds, in the gas vents of 

2-story tanks, or on the surface of separate digestion tanks, may cause odors, 
prevent the even and free discharge of gas, or clog the pipe lines, | “Heavy 

layers of scum may form only during the first few months of operation, or 
may persist for long periods necessarily a reduction i in 
tions of scum, such as the installation 1 of submerging racks, or the mechanical ! 

: “breaking up of the layer by hand or by stirring equipment with revolving 

arms, thus causing the scum to re-settle. In some cases, it has been found — 

- successful to flush with water or sludge liquor so that the liquid scum can be 
drawn off through pipe lines. Ordinarily, it will be necessary to oe 

scum only once or twice a year, if at all. @ al a 


‘The satisfactory “disposal of. ‘the supernatant liquor which | separates 
from the solids in separate digestion tanks, presents a difficult problem. This 
liquor is is never clear, has a high oxygen demand, and is relatively high both 

in suspended and dissolved solids. — 
_-Draw-off lines for supernatant sludge iiquer or should be provided at different 
elevations ix in the tank, The various 1 methods" of. disposing of the liquor 
include its return to the inlet of sedimentation tanks or to the digestion com: 


of 2- “story tanks, o or its discharge to to drying b beds. 


hive: CONTROL OF Foamnra tn 

‘The term, “foaming”, is applied to a condition which may exist in either 
= i 2-story tink, or a separate digestion tank, when large quantities of = 
=- = gas-lifted ‘sludge ri rise in 1 the gas vents « or to o the surface of the bape ‘This 
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on to the surface ‘of ‘the material; ‘adding lime either 
to the raw sewage or, preferably, to sludge as it is pumped back into the 


‘gas vents; (f) treatment of the raw sewage with chlorine; and (g) the removal 
et all the sludge from the tank and the building up of a new sludge. The 


‘The entire elimination of odors about a sewage treatment t plant is os 


"ble, but a thorough knowledge of the treatment processes and careful opera- 
~ tion of the plant will usually make it possible to avoid odors about which | 

- justifiable complaint could be made. It is more effective to avoid conditions : 

that produce odors than to control the odor s themselves. a) q 
Sn One of the most important single factors having a direct. bearing 1 upon é 7 
contro] of odors is that of general ¢ cleanliness. ‘All accumulations of sew- . 


age solids and grease on the walks or walls of the tanks, or about the grounds, aan 

should be removed immediately. Except for well-digested sludge drawn upon 
the beds, or otherwise disposed of, no sludge should be left exposed to the 

atmosphere. The hydrogen sulfide odors which sometimes develop in sedi- 
‘mentation and sludge digestion tanks may be rather 
use of liquid chlorine. 


General Tools. include tools that may be used the 
plant, such as wheel- barrows, shovels, hoes, brooms, ladders, and valve keys. 

an Special Tools. —Tools required for 2- -story or separate sludge digestion 

tanks include water hose and nozzle for flushing, rubber Squeegees, chain 
ef By for cleaning flow « compartment walls, p perforated metal or wire skimmer 7 =F 


for removal of scum, pitcher pump and hose for determining sludge level, 


ay Laboratory ‘control and the keeping of records 3 of "laboratory analyses | are 


| as a guide to proper operation. The re records of solids 


is largely mensured by the reduction of water. Gas 
- tities: and 1 temperature records are important in studying rates and progress — 


Every e care should be taken ‘to have the results of the analyses | represent — 
. “ate portrayal of what has been accomplished during the process of changing Z 


rom _ Various methods have been suggested for the control of foaming, such as ee P. see 
aes (a) drawing sludge; (b) hosing gas-vent areas by water under pressure; (c) _ a es 
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8.—Bottles (with removable can be lowered by means of a 


‘(fresh) solids to digested sludge“. Data that should be obtained in connection 
with sludge digestion tan tanks may be summarized as follows: ple ; 


(1) General Data (recorded daily): Temperature of atmosphere, in we 
"Fahrenheit; hot water circulated, in pitas 2 per day; temperature of circulat- 
_ ing water tineuaiitiis and outgoing) ; and temperature of sludge i in tan ae 
) Incoming Sludge: Time of introducing sludge, in hours; volume 
er 
added, in gallons; temperature of sludge, in n degrees Fahrenheit ; and analysis 
of sludge, daily, or for each volume added: (a) Percentage of total and dis ; 
solved solids; (db) percentage of ash h and volatile matter; (c) pH- value and 
and (d) specific gravity or actual weight per gallon. 
(3) Sludge Withdrawn: Volume withdrawn, in gallons; and analysis ~ 
= daily™ or for each volume withdrawn (same as for incoming sludge). i. 
(4) Supernatant Sludge Liquor: Volume withdrawn, in gallons; analysis 
supernatant, daily’, or for each volume withdrawn : (a) Percentage « of 
total and dissolved solids s; (b) percentage of ash and volatile. matter; and ig 
Scum (Recorded Monthly): Thickness, ir in inches ; volume removed, in 
es analysis of scum: (a) Percentage of moisture; (b) percentage of ash sf 
and volatile matter; (c) pH-value and alkalinity; and (d) specific gravity. ei: 
= (6) Gas: Volume, in cubic feet (recorded daily) ; analysis of ga gas (weekly): BR 


Bat value, in British thermal units; and (b) of C0, 


sampling digested sludge, composite samples should be collected 
@ tionate to the quantity of sludge pumped. The fresh” solids should be 
sampled suspending small in the flow compartments of sedimen- 
Analyses of sludge ‘removed an primary ary settling tanks and sludge diges- 
tion tanks should include observations as to color, odor, and streaking on a q 
giass plate; and determination | of volume, percentage of moisture, ‘percentage a 
of ‘volatile matter, } pH- value, alkalinity, specific gravity, and ‘oceasionally 
rease and total nitrogen, and possibly bio- ‘chemical oxygen demand. oe 
It is of great importance, in the operation of digestion tanks of both ash 
measure and record the depth of sludge in the tank, as well as ‘the quan- “a 
tities added and removed. In ease of a 2- story tank, the information is 
important in order to keep the s ludge line well below the slot. oo 


re) Sludge may be measured with any of the following types of equipment: ey 


Pitcher pump with flexible hose. The suction end of ‘the hose can be 


raised or lowered until the sludge line i is found. 
toon —Flat tray of fine wire mesh or per perforated plate, attached to a chain. Al 


All ‘of the aforementioned methods are fairly reliable, but the pitcher 


pump and hose is the equipment most widely used. 


- 4“Standard Methods for the Examination of Water and Sewage,” pub. by the a 


yor sterilized weekly composites from daily samples. eg 
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1 of the City Officials : at Grand Rapids, Mich., and of of 
oe R. Rumsey, M. Am. Soe. C. E., Superintendent of the Sewage Treat- a 
| Beat Works, and N. G. Damoose, Chemist, | the Committee was given the | 

opportunity of making observations and collecting specific information relat- 


ing to the operation of the sludge digestion tanks at Grand Rapids, from — > 
April 1, 1931, through June, 1932. 
& The sewage treatment plant at Grand Rapids comprises screening, sedi- 

= "mentation, and separate sludge digestion, and includes square settling tanks ee 
traction- -type equipment for Temoving- ‘sludge. There are four | sludge 


digestion tanks and two sludge storage abe. - The digestion tanks are 70 ft 


in diameter and 24.5 ft deep (liquid side depth), and are equipped with tight _ 
covers, stirring devices, , and heating coils. Three pumps are provided for — 

handling r raw sludge and two for digested sludge. + Interconnections permit its e 
"transfer from one tank to another, although during the observation period © 


there was practically no re- -circulation of sludge be between take, and no 


BE, The rated capacity. of the plant is 32.5 mgd, and the average flow dur- 

the period of observation was 24.4 mgd. ‘Thus, the digestion tanks were 
not heavily loaded. The estimated connected population upon which all ‘the | 
following per capita computations are based is 168000. The population 

equivalent, based on a -day bio-chemical oxygen demand of lb per 
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is relatively fresh, and the average flow is about 140 gal per capita per day, j 

Although there a are no o unusual industrial sewages | tributary to the treatment 


servation en in ‘table : ; 
TABLE 14- — CHARACTERISTICS oF SEWAGE at GRAND > Rapws, Micuoay, 


Pertop oF OBSERVATION BY ComMITTEE 
ag Sewage 


flow, in | tempera- |- — 
gallons egrees in parts , | in parts in parts oxygen 
million million | million q 
22.2 589 49.6 | 252 1.2 | 190 |705 
20.7 | 56.6 788 | 172 | 7.05 
26.2 | 60.1 175 77.1 49 «(698 
23.4 5 | 1635 | 982 | 54.1 | 172 72.8 6.98 
24.3 70.2 | 1785 | 1095 | 61.2 | 233 66.6 7.4 
22.0 70.5 | 1632 | 1 136 | 69.5 | 248 74.7 7.20 1 
21.7 66.0 | 1385 65.0 | 198 75.4 7.28 
21.8 60.6 995 534 | 53.3 175 71.9 7.21 
25.0 | 654 | 957 | 562 | 58.2 | 154 83.0 6.88 ) 
23.1 50.2 | 933 | 467 04 148 65.4 6.97 
25.5 50.2 | 1098 | 569 | 51.8 | 213 65.3 7.33 
27.6 49.0 | 1005 | 643 | 58.8 | 187 72.7 Tae. 
2.8 | 52.2 | 1049 569 | 54.1 | 184 B3 7.2% 
29.2 59.3 | 1 105 619 | 56.0 | 168 68.9 7.04 
26.3 67.3 | 1366 | 875 | 64.1 | 206 69.1 7.12 
244 ]..........] 1246 | 728 | 57.6 | 191 | 135 | 72.4 


The collecting equipment in the | primary ‘settling tanks is 
‘continuously. At 8-hr intervals the valves on the sludge lines are opened ‘) 


min. This routine of o] operation ‘results in fresh sludge with an n average 8 solids. ie } 
_ Space for the incoming sludge was made available | either by the discharge * 
sludge supernatant, or by the withdrawal of digested sludge. ‘The ordinary 
_ routine was to allow sludge supernatant to flow from the digestion tanks when- Bs “i 
“a fresh sludge was introduced, but to withdraw digested sludge only once } 
in 24 hr. The « supernatant was returned to the inlet of the primary settling 
tanks. There ‘Was no difficulty i in maintaining a practically uniform tempera- 
ture in the digestion tanks, the departure from the average during the delivery | 
of sludge being negligible 
There is a sampling cock on the discharge of each of the five pumps a 
_ During p pumping, a 1.5-pt ‘sample was taken every 10 min and composited. 
The length of the pumping period was determined by the thinning of sludge 


To facilitate uniform operation, a ratio of sludge withdrawn to “sludge 


~ introduced was determined from time to time, in order to maintain the ‘proper ‘ 


were applied. 


sludge. in the tanks. ks. Ratios ranging from 17. 5% to 
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ARATE SLUDGE DIGESTION 


During the period of observation, an effort was made to secure a comple ~~ 


ae record of the operation : and behavior of the sludge digestion tanks. All the 

bi necessary ee relating to incoming sludge, withdrawn sludge, sludge 
cnaaparge scum, and gas were included and were made by the Laboratory | 

of the Grand Rapids treatment works on daily composites with few 
omissions. In addition, several sets of determinations were made to ascer- 
tain the characteristics of the sludge at depth intervals of 5 ft. It was % 
impossible: to get ‘more than a few analyses of the and the sludge 

‘The data were averaged from daily analyses. A summary is given in 

“Table 15. The ‘percentage of volatile matter and of solids in the freeh 
"withdrawn sludges for each of the four tanks is shown on Fig. 

The sampling and analysis. of sludge are subject to some error and, #l there- 

fore, the ‘results cannot be considered as precise. As a measure of : accuracy, 

computation of a solids balance was made, 


All determinations of ‘the solids of sludge were made by 


For the of the solids a June 15, 1931, 
‘and May 31, 1932, was taken, as these were the first and last dates on \ which ok 


analyses were made of the total solids content of the digestion tanks. eee a 


:: During the observation period there was but one unusual condition | of any 

im mportance. Difficulty has been in Grand 


entage 
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ercentage Volatile Matter 
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Percentage 
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Jan Feb. Mar Apr May june Aug. Sept. Oct. No Dec 
OF INCOMING SL Ww SLUDGE FOR EACH oF 
Four Digestion Tangs ar ‘Rapws, Miche 
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7.05 
7.06 
6.98 
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| 
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A | otal Solids | Volatile Solids | Total Solids | Volatile Solids | Total Solids 


l dete #2 |. | 

a 4 
ded 
817 | 59.0 432 14.6 247: | 
65.8] 300 | 13.0 «(1:05 
«| 66.1 172 | 11.9 «61S 0.5 | 
368 | 71.9| 265 | 10.4 1 0.5 
608 65.7] 400 | 9.0 
1005 | 58.7] 590 | 14.5 235 «| 0.5 
949 | 67.9 645 18.8 198 | 0.5 
667 | 70.4| 470 | 19.8 | 0.5 
518 | 70.7| 366 | 15.3 402 | 0.5 
«| 74.5) 350 | 16.1) 0.5 
| 
446 | 68.2] 304 | 13.9 0.35 
777 | 71.9| 559 | 10.8 173 | 0.35 
74.21 «2544 | 8.8 61 
75.1) 507 | 9.0) | 0.35 
| 66.2} 450 | 9.3 88 | 0.51 
5.2 | 798 | 66.8| 633 | 9.6 | 0.27 
eee { 10 225 | .... | 6 937 t,o 
.. | 7895 | .... | 5 450 <i 


15—(Continued) 


§ i188 | 28 18. | 38) | | Solid silts 
acs 3 3 le Se | 2838 4 
g22| long] 28 42 | 
| 0.57 40 706] +21) 286 
0.87] 15.1 | 99 | 676|—221] 194 
0.79} 11.0 | 80 292 | —32 
0.86| 7.6 | 50 | +105} 66 | 
0.80} 10.4 | 68 481} +127] 107 
0.91] 8.0 | 52 | +139] 271 
0.83 65 42 | 741) +208] 221 | 
0.77] 8.3 | 53 900 | —233 | 305 
0.82] 11.2 | 73 | 1134] —616] 418 
0.69} 10.2 877| -107| 168 
0.45| 7.7 | 50 | 961| —515} 378 
0.61] 5.3 | 34 | 574| +203] 185 
0.87] 8.3 | 54 | 453 | +279 
0.83) 83 | 54 454 | +221 93 
0.80} 92 | 60 | 480) +101] 
0.88] 8.4 | 54 | 4931+305] 100 


4 
— 

— | Volatile Solids 
| 

6 | 
61.0] 16 
ai] 
63.8) 2% 

57.0) 2 | 
59.4] 21 
57-7) 4 
57.0) 
i 

— | 
— 
— 
— 

16 June 17 to 90, nchusive. Entire 16-month period. Sune 17, 1981, ehrough May 
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in thousancs 
of pounds 


4 


‘=? 


in thousands of 


pounds 


Accumulation of volatile 


SEPARATE SLUDGE DIGESTION 
f lime sludge ; from: the water- er-softening plant. During April and 
August, 1931, some of it it was ‘discharged into the sewers. This sludge 
quantity 


7 hydrate. It had no caustic ‘cIkalinicy. About 44%, of the sludge was volatile. 


During the first period, the dry weight of lime sludge was about three times, | 
and during the second pe period, about twice, the dry weight of ‘suspended s sew- 
age solids. After the first period (ending on April 13, 1931) it required 36 
days for the lime to work out of the plant. . After: the second period (ending 
on September 8, 1931) all the Time a Aug 


Fig. shows percentage of of solids in th the sludge in ‘each of the four bet 

ne at various etait on the days when samples were taken and analyzed. 


Fie. 16.— 
‘The average percentage of solids for all four tanks was 4.7. -‘The reason for 


this abnormally low value is that the sludge _ line itself was | low—about at 
_ mid- -depth in each tank. As indicated in Fig. 16, the tanks were nearly half — 
full of sludge so that the average moisture content was abnormally high. 


This line was — definite, and the av average 2 percentage of solids below 


There was not variation in the } between the top bottom 


near the bottom. 7 The volatile content of the tank solids decreased d appreci- 


ably from top to bottom, as shown in Table 


sludge supernatant was determined by 


the Supernatant carried from to 5000 ‘ppm of total 


of the tanks, the change in general being from 7.0 at the top to 7.6 at and 
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“TABLE 16. Content or Sous 
‘ id 
GRAND ‘Rapips, Micuiaan, AT Various Distanc OM OF 


"Distance Content or Soumps, Parcuntagss ||Distance Content or tn Percentagss 
* 


bottom,! Oct. L,|Apr. May 4,| June 1 bottom, | Oct, 30, Feb. 4, | Mar. 1,)Apr. May 4,)Junel, 
in feet | "1931 | 1932'| 1932 | 1932 | 1932 | 1932 || im feet | “3931 | 1932°| 1932] 1932 | 1932 | 


49.6) 48.4) 49.4 47.4 | 48.91 50.0 


51.2] 49.8 47.8 | 47.2 48.7) 49.3 
53.8 49.8] 55.0] 57.6 | 54.0] 51.5 
60.3] 58.2| 61.5| 60.41 54.7 62.4] 58.31 55.2 | 53.41 56.4 


47.0 i. 47.4) 48.5] 50.2] 49.4 5 | 46.2) 44.6) 47.6) 49.8) 50.7 
7 48.2) 50.1] 49.2 5 3 | 45.2 

56.3 | 50.0] 50.9 5 5] 53.4] 55.6] 57.8 
55.6 59.7] 57.0 54.1 51.2 8 


for the entire period of observation amounted to rout 5. hal of the total solid 


Pumped into the tanks same period. 


under the roof of each digestion tank during the observation period. The 
scum varied i in n thickness u up toa ‘maximum of about 3 ft. It gave no trouble, . 
and no effort was made to remove it or to break it up. _ Moisture content cad; 
other pertinent data are given in Table 17. WwW hen two of the tanks were 
emptied (in January and May, 1932), it was found that the | scum layer, 
¢ _. upon reaching the bottom of "the tank, could not be pumped out even after — Ps 
strong hosing. Tt was 1.5 ‘to 2.0 ft thick and was of a heavy clay- wd 7 
consistency y matted with hair and sticks. 


mi = ABLE 17. —Cnaracreristics oF Scum on Dicesrion 


.47 | Average of four analyses 
93. 2 4 Average of four analyses 


“January, 1932 | | & Re Composite of four 


May, 1932 | 3 Composite of four sat 


fete The temperature of the digestion tanks was observed continuously 

recording t thermometers of the Bristol type. average temperature 


F 
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a | 474] 48.4) 46.5] 
12.5 49.3 
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43 ‘TABLE 18.—Dices rion TANK TEMPERATURE: 


Bib Yr. 


Minimum 


— 
| Minimum 


secured by pone a temperature element across each tank, rising frei’ 
point near the bottom at one ne corner to a point near the top at the corner 
diagonally op 

The 


CHAR ACTERISTICS OF Gas PropuceD at GranD Rapips, MIcuican, 


unit, V umi- 
6.45 
2.40 


VA 


on 


con 


= 
. 


somber 
October 


2 


CO om ON 


OW 
co 


_ 


= 4 
June, 
— 
86 | 90 | 85 | 86 als 
90 87 | 8 | 8 | 8 | 86 | — 
Ar September... 6 | 89 33 87 | 85 | 89 | 83 86 
oo | 7 | | 90 | 78 | | 90 | 73 | | 78 " 
| 4 | 88 88 | 85 ss | 94 85 
90 | 91 | 88 | 90 | 91 | 88 | 90 88 | 90 tm 
wa, 
thick, 
| 
tly 
ta — 
were q 
let 31. 0.30 | 67.4 | 210 | 0.0 | 0.0 iim 
| July 1-16............] 683 | 30.8 
, | 31.8 0.3 | 68.0 2 mo 
February. 706 | 32:4 | 0.2 | 0.4 | 65.6 0.0 
_ 


SEPARATE SLUDGE — 


: The metered quantities as of gas are considered to be somewhat Ic lower than the 
amount: actually produced, because of occasional blowing of the gas seals and 


some clogging of the lines. The seals have recently been increased in depth, 
: =a and changes have been made in the domes to eliminate some of these difficul- e 
~ ties. Subsequent meter records indicate somewhat higher rates of production. 
3 For the purposes of this study, however, the records as obtained have been 
2 used— —proper consideration, “of course, being given to barometric sg 


moisture, and temperature. The qu quantitative results are shown in Table 15, 
and the composition and calorific value as indicated by various analyses 
throughout the period are shown ii in Table 19. an oa J ee 


hu 
a This gas has been used in ‘the boilers for gation: tank heating, without ’ 


any difficulty, and in ‘3 laboratory, and for general heating about the plant, 


N 7 


a del the of solids were between June 16, 
r 1931, and May 31, 1982, 2, as these are the first and last dates on which — , 
‘made giving the: total solids content of the ‘digestion tanks, 


sum- 


_ June 16, 1931 (as computed from the data im 

Fig. 15), in pounds.. . 1010 000 

- Total solids introduced as fresh sludge from ee, ee 
primary settling tanks between June 16, 1931, 
and May 31, 1932, in pounds.. 4 395 000 


2 


Total solids to be accounted for, in 
(B) Total weight of solids in digestion tanks on 
June 1, 1932 (as computed the data in 
Total solids removed from “digestion ‘tanks “as 
Total solids withdrawn from tanks with sludge 
supernatant, in 418000 


Equivalent weight of gas as reported by the gas 


zz with a correction of 1.0% added for gas aol 44 
lost through water-seals (and representing the 4 
fer weight of solids volatilized), in pounds. 2944000 


Total weight of solids accounted for, in pounds. 9 234000 
In foregoing list, the solids accounted for are greater than to 


Paneor for, by 329 000 lb, or approximately 3.7 per cent. ‘This i is a close 
balance, considering the difficulties of sampling, of measuring sludge in 
meters, and of determining the percentage of volatile matter and the specific 
C 


‘= OMPUTED Digestion” Time 


drawn, by dividing the total weight of solids in all four tanks by the daily 


weight of all solids removed therefrom, as sludge, as as sludge 
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a Wei ht of dry Weight of dry | 


tanks, in pounds day*, in pounds 


1 363 000 ae 


* Average for the two months the date of analysis tank content. wT 


All the sludge was well digested, the volatile matter being 
per cent. ‘The used for digestion, as in icated by these 
it 


1, 1931, THRouGH SEPTEMBER 30, ‘193 


toe For an 18- month period extending from April 1, 1931 , to September 30, 
1989, arrangements ; similar to. those described in Appendix I were made ra 


collecting information relative to the operation of separate sludge Sie 
rc at Elyria, Ohio. The opportunity was afforded through the courtesy 
- of the Hon. James A. Hewitt, Mayor, and the Hon. J. N. Eidt, Safety-Service a 
irector, and the work was done through the faithful co-operation of James R. a 
ollier, Superintendent and Chemist at the sewage treatment works, ae 
The sewage works at Ely ria consists of bar gratings, grit chambers, pre- 
liminary sedimentation tanks of the 2-story type, aeration tanks, activated- 4 
sludge settling tanks, separate sludge digestion and covered d sludge- 
Sy The two 2-story tanks, each 62 ft in length, ‘314 ft in width, and with 2 
water depth of 27 ft, provide a normal detention period in the sedimentation 


compartment of 60 min. They are equipped for gas collection. — ot) 


Py There are two separate sludge-digestion tanks, each 50 ft in diameter, 
with conical water depth being 34 ft, measured from the 


tank 18 ft below its coping. A evatinnete record of the t temperature of i incom- 
ing and outgoing heating water is kept by recording thermometers. Sludge 
temperatures are ‘measured, a: as desired, by thermometers. suspended in the 
sludge. _ All gas is metered and two gas boilers | are provided for heating — 
the water used in the circulating system. 
i Between the two « digestion tanks are a sludge-mixing and control chamber _ 


quantities and the displacemen 
oth, 
— 
lant, 
wag os 
— 
— 
4 
| | — 
Or gas collection. Kach tank 1s heated by water circulated by a centrifugal 
super- 
¥ — 


valves, an automatic gas-pressure regulator and excess gas escape. ‘Ther 
is no provision for gas storage except in the digestion tank. Sludge i is trans. cy 
_ ferred from the activated- sludge settling tanks by gravity, and may be dis- 
charged either to the separate digestion tanks, the sludge-drying beds, or to i 
7 sludge suction well (whence it can 1 be | . returned to the e primary t: tanks, 0 ae ; 
to the digenstion tanks). Sludge mixing may be accomplished in the digestion 7 
ee by pete off at the bottom and pumping back to the top of the tank. 


sewage as it enters the 2-story tanks, or ‘to sludge compartments of the 
= 
‘The plant is hie to serve a population of 36000, with an average sew 
age flow of 100 gal per capita daily, although the estimated | connected popula- 


sewerage system, with 1 the exception of that serving the ais mote 
densely populated section of the city lying between the e east and west forks 
of the Black River, is of the separate type. sewage is relatively fresh 
and of strength, although there is a small percentage of pickling 
., liquor wastes. s. The average volatile content of the suspended solids in the — 


— 


crude sewage is | 64. 2% ‘and the percentage of volatile matter in the partly 
4 digested 2-story tank sludge introduced into the sludge-digestion tanks is 61.7 
‘per cent. Summaries of sewage analyses and of the characteristics of the 


TABLE 21. —CHARACTERISTICS | or Raw SEwace ar Onto, Durine 


Tora Soumps 


In parts} Per- Per- 
per mil- 


Tempera- 
ture of 
sewage, 

in degrees 

Fahren- 


Total iron 


bo Gor 
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» — | 
in parts | ct 
ier 1 | 774 1 | 198 | 
1932: 3 837 36 ‘| 819 | 45.3 180 
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SEPARATE SLUDGE 


or SLUDGE Appep To Supe -Dicestion 
On0 


(ee Dro Preliminary Sedimentation-Activated Sludge Settling 


be 


} 


October 
November 


| 


1008 


‘The 2-story settling tanks are operated in parallel and the direction of 
flow is reversed regularly at the beginning of each month. Scum i is denwe 


‘agate: the gas-collection domes not oftener than twice each month. — 


"TABLE 23.—Sumary or Data AT Enyria, Onto, SEWAGE 


— ids VolatileSolids | $TotalSolids | 
pounds» 


‘117 270 | 470 47.5 
610 Yea 46.7. 

127 950 | 4 5 ; 46.6 
190 

98 470 


> 
> 
4 


778 


3 962 

959 
773 

| 20 892 
$2 978 


= 3% 2 


| 111 999 
| 97 614 


| 1 808 433 


& 


<ul 


| 
433 160] 96.80 | 35.56 | 64.44 100 — 
275 184] 95,38 | 40,04 | 59,96 2 1 350 O11 
the | 275 184] 94'70 | 37/49 | 62/51 2 1510 008 
823 696 | 95.31 | 39.32 | 60.68 | 2 | 630 ‘Aa — 
363 090 | 96.18 | 43.61 | 56.39 2 1210 008 
397 488 | 96.85 | 39.07 | 60.93 970 007 
229 312] 97.50 | 38.06 | 61.94 4 008 
305 760 | 97.27 | 37.02 | 62.98 4 | 
ua- 295 628 | 96.52 | 34.68 | 65.32 3 | 1.008 — 
229 320] 95.16 | 36.18 | 63.82 5 | 1.008 
February... 183 456 | 94:65 | 37:22 | 62.78 2 | 1.015 
March... 257 348 | 94.14 33.16 | 66.84 2 1.0188 
168 168 | 93.87 | 34 31 | 65.69. a 16 | 1.018 
rks § 259 896 | 96.02 40.20 | 59.80 o7 | 1.012 — 
a September... 391 118 | 97:04 | 41.50 | 58.50 3 | 1.011 

ok 
— 
= 
im 
‘ 

3.0 
48 140| 61.9 29818] 5.9 | 31 141 
November: 27 | 70 126 8.0 168 034 

it 


Volatile 


to 30-in. 


Baro.-60°F, 

in cubic 


8 
a 


4932: 


pounds 
ohh Nes 


23 590 
21 000 
20 940 
21 910 
21 490 
20 940 
21 764 
18 983 
19 772 


23 877 
21 321 
24 441 
20 848 
17 258 
20 223 
17 376 
19 292 
14 047 


5 709 227 


| 369 072 


NUN | 


4 


Sludge from activated sludge- -settling is con- 


tinuously it into the i incoming ‘sewage at the entrance to the 2- 2-story tanks, = 


Once each week sludge supernatant is drawn - from the separate digestion 
‘4 tanks and discharged into the sludge comperteents of the 2-story tanks at 
- points just above the e top of of the hoppers. — 4 Following the supernatant draw-off, 
desired, : ripe sludge i is applied to the ‘sludge- -drying beds, and regularly each 
4 week, a charge of primary tank sludge is admitted to each digestion tank. | 
- After this, if mixing | is desired, it is accomplished by drawing ripe sludge 


= 


As 


been charged at the top. 


| 


was withdrawn as soon as it was 


was ‘also che 
sludge- drying bi beds. 


‘of observation averaged only 5.3 per cent. 
_ be increased by a longer detention period in the digestion tanks, but due 
to the demand for dried sludge (which i is sold at a fixed price | 


from the bottom of the tanks and pumping it into the fresh solids which have _ 


ot 2 


r 


total solids content of the digested ‘sludge during the 18- month 
“This could undoubtedly 


— 


bie | feet per incoming 
November 18.003} 366 214 | 
53 98 ‘4 | 14 143 0 
April. . 079 | | 
— | 
— 
= 
— 
ion is given in Table e added to, and nt in the tanks. ge 
tion 1s g1 f sludge a ement in 3] idge 
Measurements o al displacemen tions of wet slud 
— 
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SEPARATE SLUDGE DIGESTION 


sludge supernatant from the tanks contained from slightly 

; Ness than 5000 to 33000 ppm of total solids, with a volatile matter content a. 
4 ‘of 47.5 per cent. The total solids ‘discharged | in the sludge supernatant at 
a amounted to about 21% of the total solids admitted to o the digestion tanks. ; — 

shown in Tab 
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PERCENTAGE 
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grav- 


Moisture 
Volatile 
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Volatile 
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oo 


1.004 
1.003 
1.004 
1.004 
1.006 


; 

_ The “a from the separate , sludge e digestion tanks, as well as that t collected 
iho the gas vents of the 2-story tanks, is metered through separate gas 
_ meters and is used for heating the water circulated in the digestion tanks. 
At present, all excess gas is ti ee and wasted. During the first part of the 

“a period considerable gas escaped through © the water- seals before the covers = 
had been finally adjusted to maintain a level position. It is estimated that 
the loss amounted to at least 10% of the total volume metered, and, there- 


fore, the quantities have been corrected toi include this vad Cn 


lected from the primary tanks. ) The of the gas 
‘The number of ct othe feet of of 
was undoubtedly lower than could have been obtained, as sage was drawn > 
it to the > drying beds soon oner t than would be the case ordinarily, The gas has an 
is average calorific value of about 750 Btu’ per cu ft, and burns readily under 
the boilers. No trouble has been experienced with cloggin ing of of 1 the gas lines + 


and the discharge of gas has been fairly uniform, 


en fair nif 


— 
4 
4 
Alke- | cific 
East tank...) 99.58 — 
xt. 27,1981: | 
Bast tank......| 99.71 = 
= November: 90:12 |54 September .....| 99.81 
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SEPARATE SLUDGE DIG sTION 
TABLE 25. 5. — CHARACTERISTICS Gas AT Onto, 


j hagas 


CO: 


per cubic foot 


ritish units 
per cubic foot 


ritish thermal uni 


B 


.6 | November. | 750 | 29.4 | 70.0) 0.6 
December. | 764 | 29.2 | 70.3 | 0.5 


: 


732 | 30.8 | 68.7] 0.5 

. 30.8 | 68.6 | 0.6 

% 30.2 | 69.3 | 0.5 
30.9 | 68.6 | 0.5 


it to have following characteristics: 
— 
48 


The temperature re of the sludge i in digestion ‘nk was maintained at 


= Soips BALANCE 
No determination of the total solids content of the an made at 
the end of the period of observation; hence, the solids balance can only Bi 
= the difference between total incoming and discharged solids for the © 
month ‘period. . This computation is as follows: oh 
Total weight of solids added to tanks. . 3 
Total weight solids: Tawol — 


as sludge 
< ole ‘ 


with supernatant ........... 986 064 
Sha 


Equivalent weight of gas, + 


4 


—— 
—| 
April......| 738 | 30.2 | 00.2 | | 742 69.7) 04 
q May 730 68.2 0 june...... 756 70.7 05 
August 744 | 29.6 | 69.9 | 0.5 | September. 744 
| 
7 
4 
82 degrees. The average temperatures of the incoming and outgoing 
a 4 
"4 
a 
— p 


SEPARATE SLUDGE DIGESTIO 


n the amounts of solids in the tan<s at the beginning and at the end of the # 
test period, amount to 82. of the total solids added to the tanks, Undoubt- 


during 


It will be. noted that the volatile matter in the sludge removed from the | ia fc 
digestion tanks was at all” times less than 50 per cent. ‘The sludge was 


one 


wear 


i 


iz 
af aq 
edly, a large part o this ul 
mes “If it is assumed that the period of digestion is represen es ae 4 — 
time of displacement of the sludge in the digestio by the actual 
—  _ ber of days required f i : on tanks, the average num- — 
on during the period of observation at Elyria Be 
| 
— 
— 
— 
— 
— 
— 
— 
obits — 
— 
we — 
— 
4 
— 
— 
i 
— 
i 
— 


GEORGE HERNDON: ‘PE GRAM M 
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‘at George Herndon | Pegram was” born in Couneil Bluffs, Towa, « on 1 December 
29, 1855. ‘His father, Benjamin Rush Pegram, son of Dr. John Coleman — 
Pegram and Caroline Pe egram, was born in Petersburg, Va., on April 28, 1828 BG 


and his mother, Mercy Adelaide R Robbins, daughter of Abner Robbins and — 
a Eunice (Sears) Robbins, was born in Brews ster, Mass., on on September 5, 1828, i 


The Pegrams of Virginia and the Sears of Massachusetts have long been 


prominent families of their ‘respective s sections of the country. 


Mr. Pegram’s father owned a bank and a store in Council Bluffs a and a = 
store in Denver, Colo., and also was engaged in freighting across ‘the plains. 
At the time Mr. Pegram was born, Council Bluffs was, a town in 


country, er crudely built, ‘most of the houses being of. — with : a few of brick. 


M. Soc. E, the ‘noted was of Mr 
-Pegram’s father 1857 to 1861, when the W ar broke out. Soon 


operated six river some being the in service at 


he was strong enough to walk. oye 1864, the family moved to New Orleans, tl 
he. where they remained for two years, returning ‘to St. Louis in 1866. a 
_ The long convalescence from typhoid fever and the frequent changes me. 
residence seriously retarded George Pegram’s education, and he has stated 


that his rears was — ‘because I could ‘not seem to learn.” ae the fall 


"course in one e year less than the scheduled dine. on this 1 was, 
“T learned to work.” He then entered the Polytechnic Department of Wash- 
ington University a was graduated i in (1877 with the degree of Civil Engi- 
meer. At the graduation exercises, Dr. Eliot, the Chancellor, remarked that 
Mr. Pegram had sustained the highest standard of any graduate. 
og Business was bad i in 1877, , and it was difficult to find a position ; however, 


before 1 the end of the y year Mr. Pegram joined a survey ; party ‘on the location ra 


a ‘Memoir by a Committee appointed by the Board of of the Society, 


- Hovey, 
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. The party was protected by a detachment of soldiers but no trouble aa q 


" with the hostile Indians. This work was s suspended ¢ at the end of the year. year. 
In March, 1878, Mr. joined the of the late Colonel Charles" 


“unusual ability, pr one of the bridge en- 
4 gineers developed in the United States up to that time. Association with him | 
‘ was a great privilege of which Mr. Pegram took full advantage. — He remained © 
“with Colonel Smith until May, 1880, except for a ‘a period of six months when | 
was engaged in mercantile business in Leadville, Colon 
In May, 1880, Mr. . Pegram v was recommended by pererane Smith to the posi- an) 


He was engaged shortly after and sameined in capacity until he 
resigned i in 1886. ‘His “organization of the Engineering and Drafting 
ments: at Edge Moor w: was so excellent that it soon ‘became recognized 


“the leader in 1 the progressive ‘of the and 
a practice, oad fully one-half the Office Staff was made up of engineer gradu- 
ates anxious to learn the best in preparation for an engineering career. _ Many 
well-known bridge and structural engineers acquired their first practical ex- 

perience at Edge Moor under Mr. Pegram and his able successors. hat inte 
Ie rates Mr. - Pegram had early decided that at thirty years of age he would “change __ 
_ course of life, whatever it might then be.’ * prac Accordingly, he resigned and ee 

_ left Edge Moor, on May 1, 1886. However, +, hoping he would return, the Com- 7 4 


did not fill his place for some time. > 
; wr He sailed for England early i in May, 1886, and spent five months snaeiiiene 
in England, Wales, France, Switzerland, and Germany. Shortly after his re-— 


turn, he was recalled to Edge Moor to design a proposed elevated railroad 


Philadelphia, Pa. On the completion of this work, he opened an office in New a 
‘York, N. Y. He aprons the * “ Pegram truss,’ Pa! he had designed to 


1 in the construction of a . 200- -ft pin- connected ‘railway | span over the Verdigris 
bes’ <A in Indian Territory, for the Missouri Pacific Railway Company. _ 
_ Closing his New York Office in 1889, Mr. _ Pegram became Consulting 


_ gineer with the Missouri Pacific Railroad Company at St. Louis, having charge 


g construction of ney | lines. The System then comprised about 7 500 miles of 7 
track. The n new lines, built during Mr. Pegram’s period of service were from — , 
_ Coffeyville, Kans., to Fort Smith, Ark. ; Kansas City to Fort Scott, Kans.; 


and Monroe to Alexandria, L La. The “ Pigvens truss” was used for all new 4 


_ bridges and several replacements on old lines. The bridge across the Arkansas ho “ 


in length, all Pegram 


1891, the Terminal Association of St. formed of the seven rail 
roads terminating in that city, - decided bor build a Union Station 


of new bridges, and also, under Mr. James W. Way, the Chief Engineer, the — a 
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“MEMOIR OF GEORGE HERNDON PEGRAM 
bh 


and 700 ft long, a 
ing 32 ~The roof i is by five of the upper 
chords forming'a circulararn # 

February 1, 1893, Mr. Chief Engineer. of the 
Pacific System, then composed of about forty railroads having about 9 000 
of track, only about 35 miles of which were tracked. ‘He as- 


“9 


ere 
g 


sciaiedis while Mr. Clark was Vice- President and ‘Generel Manager of = 
“Sent Pacific Railway Company. . He remained in this position for five 


_ years, during which many new steel bridges were built, chiefly in Wyoming, 

a ie Idaho, and Kansas. In most of these, Pegram trusses were used. The Town 

Pegram, Idaho, was named i in his 


In the fall of 1896, Mr. Pegram | was called to New York City for a ‘con 
= 
r - sultation with the late Jay Gould, who requested him to make an examins- 
a _ tion of the elevated railroad structures. Mr. Gould had been advised that the 


Se Sixth Avenue Line would have to be replaced. Mr. Pegram, on examination, 
on reported in favor of making extensive sie eienbbdits over a long period of 


Ws time, on the completion of which he held that the structures would serve safely 


aM 


for: many years. This ‘report, doubtless, led to his being called to New York 
in 1898 to become Chief Engineer of the Manhattan Railway Company. — he 


ris capacity he was intimately associated with the development of transit 
facilities in New York City from 1898 until his death. > eal 


Ss The 1e development of lectric traction prior | to 1899 made possible a large 
% increase in the ce carrying capacity of the. existing elevated railroads by the 1 use 


transit. Increased facilities in n the city were urgently nected and 


of subways followed rapidly ‘upon the development of this new 
motive power, and elevated extensions followed a little later. 


When Mr. P egram came to New ‘York City in 1898 there were elevated 


‘railroads with a total of 167 single-track miles operated by steam locomotives, 


has and these were the only rapid transit railroads operating in the city. - They ae 
carried about 250 000 000 | passengers per yr, with much congestion. < In 1987, 


there were 780 single-track miles of elevated and subway railroads operating 
in the city, all with electric motive. Power, and carry ing 000 000 pas- 


During its period this development ‘was pioneering work, both in 


construction and ‘equipment, to the success of which Mr. Pegram made 
existing clevated railways in Manhattan and The Bronx for electric trac: 
tion; the construction of the 74th Street Power House—the largest and most 
7 4 ficient power-generating station in the world at that time; ; the construction 
of seven subsidiary sub- stations; extensions of the elevated lines and -comple- 

; tion of third track and its equipment, the latter work being ‘carried on with ab 


‘out interruption of train the construction and equipment of the 
| 


1734 
unanimously 
plans were considered, a 8 of the Chief Engineers of the several 
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_ MEMOIR OF GEORGE HERNDON PEGRAM 
ky first ‘railroad tunnel under the East River, involving much difficult : and a 
treatment ; the equipment of subway lines, comprising electrical road equip- 
‘ment, s signaling, drainage, and ventilation, totaling 157 single-track miles; 
the construction of twelve subway power sub-stations; the complete construc- 
tion of parts of the subway lines; the construction of subway platform ex-_ 
tensions and a new deep-tunnel station, all without interruption of train op- 
a eration. This work involved many unavoidable hazards and required much — 
“hb During much of this work, Mr. Pegram was Chief Engineer | of both the 7 
- Operating Company and the Subway Construction Company, the latter Com-- 
pany as a subsidiary of the Interborough Rapid Transit Company construct 


ing seven sections of the » more difficult subway work, in particular, the -con-— 


necting sections between the operating subways and the new work, where the — 
oft train operation was } involved: 1912 to 19 


part of the : lines in », Mambattan. All activ ities ¥ were Cot con- 
Ae-nadp in close co-operation with the ‘State and city agencies, in which his. i, 
an engineer was supplemented by a genius for friendship, , and the 
~ guecess of the co-operative effort, necessary for the accomplishment of the vast -, 


and complex engineering work of rapid-transit development, owed much ‘to! the 


‘a to surround meetings of many and diverse personalities, with different points | 

a of v view and different interests, and to bring them into effective co- operation. Py - 
_ George Herndon Pegram was a great Engineer, measured not only by vol- a 

| om variety, and character of work done under his direction, but still more 


fi by the influence he exerted on those who participated with him in this work. 
i: He was a man of strong convictions, but this never impaired his sense of fair 
ness nor his consideration of the viewpoints of others. He was 3 modest—even 


- diffdent—and “ never spoke out of his turn.” When he spoke it was clearly — 

ad and to the point. _ He treated with the same kindly | courtesy all with whom 
he came in contact, from the highest. to the lowest. | Being very human, he 

q ‘llaaiiinds lost his temper, but invariably followed this w with some consoling or 


humorous remark that wiped « out the sting of his words and restored 
* feeling. He found time to cultivate qualities as a man which brought to him — a 


,; a large pure of friends outside of, as well as within, the Engineering Profes- Pa 


‘He had a keen sense of humor, and the 1 rare faculty of 


good joke on himeelf as well as the other fellow. ‘He was always welcome 
in any company, whether it. was s gathered together for professional discussion, 
¥ or for good fellowship, being an appreciative listener as we Mt as an entertaining © 


ore oa His professional staff was ever loyal and devoted, know ait waa he lived by 
‘the rule that true loyalty works downward a as well as all the 
iin vay 


was peculiarly fortunate i in to the end of his long and event- 


; genial atmosphere of mutual respect and friendliness, with which he was able 


vents. He was a great lover of 


‘tide, Wa agner being his orite composer and 1 grand his en- 
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MEMOIR. oF GEORGE HERNDON PE PEGRAM 


7 passing he left voids in many inven,’ never to be filled, but his good works, his 
"generosity, his kindliness, and his good fellowship have left imprints on these 
lives that will endure for long down the ages. 
a Pegram v was President of the Society during the fase of the ana 


- with the other three large National Societies in the creation of it Engintelg 
Council and in n the formation of what is now United ‘Engineering 


Sale When Honorary Membership was conferred upon Mr. Pegram at the An- 
my Meeting of the Society on January 20, 1932, he was addressed as follows: 
“The Honorary Membership now conferred upon you completes the list of 

rewards which this Society can give to members who have held i its highest - ‘a 
office and have rendered outstanding service. to the profession anc and inferen- 

a tially it should carry with it a recognition of the possession of human quali- _ 

ties which endear the man to those with whom he comes in contact.” ie i 


was Mr. that, in attempting to — 


ciety. was also Past-Trustee of of 
American Society of Professional Engineers; member and Past- Director of 
the Engineers’ Club of New York; member of the Virginia Society of New 
ork; and Doctor of Laws of W ashington University. 
An examination of the Transactions shows that he presented his first 
A paper to_ the Society in 1884, four years after his admission, and that this 
_ paper was followed by fifteen other papers and discussions, most of them 
relating to bridge and railroad subjects. 
The death of George Herndon Pegram on December 23, 1937, brought to a 
- los the long career of one of the most distinguished engineers in the United - 
exceptional character and ability and his charming personality. 
Pegram was married, at St. Louis, on September 8, 1897, to Jolie” 
Merrilees Crawford, who survives him. He is also survived by his two 
‘daughters, Jean Forsyth and Mrs. Horace M. ‘Buck; by 
ie Frank R. Pegram and his sister, Mrs. Minnie (Pegram) Fabian. pie 
Mr. Pegram was elected a Junior of the American Society of Civil Engi- Er: 
Ts on n Apr mh 1880; a Member on January 3, 1883 ; and an Honorary Mem- o 
on October 5 5, 1931 . He served as a Director of the Society from 19 1902 to 
1904; as Vice-President in 1909 and 1910; and as President in 1917, 


r 


8 
_ Despite his conscientious absorption in his professional work, he was most 
aia eS devoted to his home and family. Although he was known to many as a great 4 
engineer, it was the privilege of comparatively few to appreciate fully his 

— 
— 
that the oociety elierged stronger thal ever Delore, Uluer as 
President, the Society moved its headquarters from West 57th Street to the 
— 
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OSE SWASEY, Hon. M. Am. Soe. C. E.! 
7 
Dip (JUNE 15, 1937. cul» 
_ Ambrose Swasey was born on December 19, 1846, near Exeter, N. H., the | 
youngest child of Nathaniel and Abigail Swasey. At an early age his formal 
- education (received in the elementary schools of Exeter) ceased, and he began aa 
4. his mechanical training as an Apprentice in the Exeter Machine Works, ap- > 
3 parently following a natural bent in occupation. This, later, through his — 
4 many awakened talents, developed into a wonderfully long and successful — 
From 1865 to 1869 Mr. Swasey remained with the Exeter Machine Works, | 
m4 leaving this Company to go, as a Master Machinist, to the well-known : shops | 
Pratt and and Whitney, at Hartford, Conn. While a at Exeter he his 


Manes and Mr. Warner joined forces and fortunes through the formation of 

their own business i in Chicago, under the name of Warner and Swasey, 

- thus founding an organization destined to live many years and to develop a i” a 
- reputation widely and favorably known i in the United States and in foreign 3 
In 1881 , the business wa was “moved to Cleveland, Ohio, where | the 


partners made their permanent homes and where the business is still conducted © 
ie. ‘Swasey, early in his career, developed improved processes of manu- 
facturing machine gears, and the first method of generating and cutting teeth | 
of of spur-gears rs entirely by: mechanical Processes. | His ) engineering and technical a 


“ing machions and instruments of precision both for and scientific 
nag He either perfected, or made possible, through his expert and in- 
=S aid and direction in the work of the Warner and Swasey Company, 
the design and manufacture of high quality turret lathes, high-class astro- 

- nomical instruments, and especially the construction and mounting of many 
“notable telescopes. Such great telescopes include that at the Lick Observa-— 
> tory with its 36-in. lens, the Naval Observatory telescope, and the 40- — 

Yerkes refracting telescope which remains the largest in the world. . Several — 
great reflecting telescopes also added to Mr. Swasey’s fame; the 72-in. instru- he 

_ ‘ment of the Dominion Astrophysical Observatory, in British Columbia, on 

in. telescope at Ohio W esleyan University, and the most recent, the 82- 
eflector for the U niversity of Texas. Of great importance was toy 

(= engine, used in graduating with extreme accuracy the great circles 


Po prepared by Robert Hoffmann, Hon. M. Am. Soc. C. E., and Ralph Budd, 
- Am. Soc. C. E., largely from the article by W. W. Campbell, reprinted from the publica- 
_ tions of the Astronomical Society of the Pacific, ‘August, 1937; from the citation presented 
st the time Mr. Swasey was made an Honorary Member of the American Society of a 
- Engineers, and at the time of presentation of the John Fritz Medal; also from the ae 
1937, issue of Mechanical information may be obtained 


Ma 


— 
| is 
ae 
| 
he 
ed 
ng 
— 
he 
| — 
ew 
~ 
his 
ed 
wall 
sie — 
i- 
im 
4 


OF AMBROSE SW ASEY, 

necessary in observation of the itiife, to — 
accuracy by any other dividing engine. 
Although Mr. ‘Swasey’s name will always be remembered through his ac- 

complishments | in the field of science and the manufacturing | successes of is, 
Warner and Swasey, he also showed willingness to devote much of his time, es 
energy, and means to aid educational institutions, assisting ccivie organize 
tions, and above | all to promote science ‘and the welfare of engineers and en- . 
gineering. Among Mr. Swasey’s many benefactions may be listed those ee 
the following educational institutions: The Science Building for the Uni- re 
versity of Nanking, the Christian Association Building of Canton Christian 
College (now Lingman University, China), the Denison University Chapel — 
‘and Observatory, the Colgate-Rochester Divinity School Library Building, 
the endowment of a Chair of Physics at Case School of Applied Science, and x 
an observatory to the same institution, presented jointly by Mr. Swasey and 


by the entire Engineering g Profession was 


—_ 


as home of the four engineering societies in New York, Ye and 
built through the generosity of Andrew Carnegie, will long be remembered. = 

- Since 1914, Mr. . Swasey gave gen generously of his means and much of his a 
support to the Foundation, having for its 


Baa It is eminently fitting that Mr. Sw ony ’s unselfish devotion to the welfare 
_ of others should have been recognized and honored by many. In addition =a 


honors from the educational institutions heretofore mentioned, there were 
= conferred the following: From the Government of France, Chevalier of 
the Legion of Honor in 1901 , and Officer of the Legion of Honor in 1921; the 
Cleveland Chamber of Commerce Medal for Distinguished Public Service; a. 
_ the Gold Medal of the Franklin Institute; the Gold Medal of the » saa 
; Society of Mechanical Engineers; W ashington Award by the four National 
2 Engineering Societies, and the Western Society of Engineers made in 100; 
in 1936 » the e Gold Medal established by President Hoover to be Ce 
in recognition of distinguished services rendered in the engineering field os 


; and the John Fritz Gold Medal awarded by the Engineering Profession of 7 

Swasey was a C harter’ Member, Past-P resident, and ‘Honorary Mem- 
a ber of the American Society of Mechanical Engineers ; ; Past-President and 

Honorary Member of the Cleveland Engineering Society; Honorary “Member 4 
of the American Institute of Electrical Engineers; Member of the American ms 
_ Astronomical Society ; ; the Institute « of Mechanical Engineers; the British oe 
Astronomical Society; Fellow of the Roy: al Astronomical Society; Member 
_ of the American Philosophical Society, and the National Academy of Sciences; a 
and also a Trustee of ‘Western Reserve University, Denison University, the 
= ersity of Nanking, ‘and of the Case School of Applied spain 
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Although his early may - appear meager and limited, Mr.  Swasey’s 

e life is another ‘example showing how learning and culture may be developed 

ne through the school of experience and by individual effort, even if early book - 
learning, judged to- day, seems to have | been lacking. Ambrose 


“attested by respect and given his career and 
by educational institutions. _ The degree of Doctor of Engineering was con- 
7 ferred upon him in 1905 by the Case School of Applied Science, at Cleveland, 
- Qhio; the degree of Doctor of Science in 1910 by Denison University, at 
‘Granville, Ohio, in 1924, by the University of Pennsylvania, at Philadelphia, “ 
Pa, ‘and in 1931, by Brown. University, at Providence, R. I. The degree 
of Doctor of Laws was also conferred upon him by the University of Cali- 
fornia, in Berkeley, Calif., in 1924, by the University of Rochester, at Roch- 
ester, N. Y., in 1925, and by the University of New ‘Hampshire, at Dorham, 
The career of eakaeti Swasey on a Jong and eventful one, so many y sided 
that his ‘accomplishments, distinguishing him asa great ‘man cast 
reflected credit and honor on the many interests and organizations with which 
he was affiliated rather than to any single cause or interest. He belonged to. 


TT, 


many—to mankind. Rarely is the opportunity afforded and the necessary 


“fall to the lot of Mr. . Swasey. a Long life, svocess i in business, a keen mind, 
an ‘engaging personality, and impressive appearance, all contributed to make 


s him and his career an canmaple that engineers may well look upon as an ideal | 


PAs his by ‘Gwenty- years. There were no children. 
ie Ambrose Swasey was elected an Honorary Member of the American ‘So- 
of Civil Engineers on June 6, 1921. ie 
‘ 4] 


ADAM, M. Am. Soe. C. 

ep Aprit 15, 1937 


9 Robert _ Adam was born on n February 21, 1866, at Paisley, Scotland, he 

son of Robert Adam—a member of a Border family. He was educated at 

7 Heriot-Watt College, in Edinburgh, Scotland, and from 1882 to 1885, served 
his ‘tee Mr. A. S. Biggart. ‘He received his» training 
Mr. R. E. Middleton, acting as Assistant to Mr. Phillips. ‘ 
ret The following year, at the age of twenty, Mr. Adam engaged i in his ool 

‘engineering work which was in connection with the construction of the Firth — 

_ of Forth Bridge in Scotland. He continued in this work for fou 7 


? Memoir prepared from data supplied by the family and on file at the Headquarter ; 
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MEMOIR OF WILLIAM AUGUSTIN AIKEN 


tractors, snd worked on the Blane Valley Section ed. the Glasgow Water- —s 
Jorks. (five ‘miles of aqueduct in tunnel); and from 1891 to 1893 he was 
Engineer to the same firm on the Stobeross Section of the Glasgow Central — op 
Railway, and the Stobcross Section of the Lanarkshire and Dumbartonshire 
Railway. ‘The work was as principally tunneling and cut and cover. 
As Assistant to the late Sir Ernest William Moir, M. Am. Soe. C.E, x 
Mr. Adam served for two years as Engineer-in- r-in-Charge of Approaches on the ‘8 
: a In 1895 he joined the staff of Messrs. S. Pearson and Son Limited, ane 
tractors, as Engineer during the construction of the Surrey Commercial — 
‘Dock, in London, England. er year later he was transferred to the staff of 
the same firm in Mexico and served as Chief Assistant Engineer on the Vera — 
Cruz Harbor Works, Drainage, and W ater Supply of the City of Vera Cruz, a 
under ‘Body, M. Am n. Soc. E., as Chief Engineer. He continued i in = 
this work until 1900, when he was appointed Engineer of the Salina Cruz 
Works, as well as of f drainage : and water supply. on 
_ From 1902 to 1905 Mr. Adam was Consulting Engineer to Messrs. 8, 
- Pearson and Son for the drainage and water supply of the Vera Cruz Harbor - 
Works, the Coatzacoaleos Harbor Works, and the ‘Salina Cruz Harbor Works, 


_ _He opened his own office as Consulting Engineer in the City of Mexico, ‘ 
Mexico, in 1906, remaining there until 1912, when he returned to England and 
continued his practice. Because of his vast knowledge, he 1 was 
held i in high esteem asa Consultant. 
Adam was created an Officer of ‘the - ‘British Empire for his special 
service during the W orld War. Lad He was engaged by the War Office on the 
Railway Material Branch, por" penctionity. built up that ssction of war work, 
retiring from it only at the end of the war. of the I Insti- 
of Civil Engincers, i in London, England. 
He is survived by his widow, Lena (Phillips) Adam, and two daughter, 
Dr Adam and F. A. Adam- Thomson. 


oo Both his parents ¢ came of old Colonial stock. His paternal | great- great- grand- we 


father came from the south of Scotland toward the close of the Seventeenth q 


Century, one of two brothers, of whom one settled in New England and the 
in New York. first: settled in South Carolina, whe 


* Memoir prepared by W. D. Aiken, Assoc. M. Am. Soc. C. 
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graduated from Yale University, at New Haven, Conn., in 1798. Later, he i 
was a admitted to the bar and practised law in Troy, ‘N.Y. ‘Through his 


paternal gr -andmother, who was a Cooke, he was connected with the Braesteds . 


‘His father, Dr. William E. 4 Aiken, a distinguished Chemist and Toxi- 


, cologist, was Professor of Chemistry in the Medical School of the University : 


of Maryland, at Baltimore. He lectured there for fifty years, and was 
3 Professor Emeritus at the ‘time | rs his de ath. His mother was Rebecca . 
-. josephine Nicholson whose ancestors came to the United States from Berwick- 4 
n-T weed, ingland, at the be beg ginning of the e Eighteenth Century, settling 


fet’ in Virginia, and, later, moving to Easton o: on the eastern chore of Mary- — 


Jand, where she was born. 


Nicholsons earliest to the time | have been Nav 


“people. Mr. Aiken’s— grandfather, Commodore Joseph Nicholson, was in 
~ command of the American Naval defense of Baltimore in n the War of of 1812, 
‘His great-aunt ‘was the second wife of Albert Gallatin, Secretary « of the 
easury in Jefferson’ s Administration, and is | buried i in Trinity Churchyard, 7 | 
in n New York City. . Through his mother’s : family, Tilliam Augustin: Aiken 


a closely connected with the W ilmer, Lardner, Lippincott, Biddle, and 


Rush families of Philadelphia, Pa. Mins 


Mr. Aiken attended the Jesuit College, Loyola, in Baltimore, and was 
"graduated in 1869 with the degree of Bachelor of Arts. He then entered 


Rensselaer Polytechnic Institute, at Troy, asa 1 Sophomore in the Class of . 
1872, and was graduated with the degree of Civil Engineer. It is of interest — 
that his father was special stude nt in the first class to be graduated from 


After yours with the W estern and 


‘on in the San Toaquin Valley, water supply Sereianinne for the “City 
of San Frane 


ce fornia, and, for three years, he was engaged i in mining and metallurgical 1 work 


in Nevada in association with ‘the late” William Starke Rosecrans, M. Am. 


ic Returning East in 1879, Mr. Aiken associated himself with Colonel ohn 


Clark, who had been prominent as an Engineer in the Armies: of the South 


“during the Civil | W ar. At this time the railroads running south from 
ashington, D. c, “were being rehabilitated and Mr. Aiken had charge of 


the re placement of 1 numerous bridge es and \ was eng: raged in this work for 


Wi 
Growi ing oak of this experience he joined the Morse Bridge ‘Company, of — a 


‘Youngstown, Ohio, in charge of its Chicago, Ti., Office, and for several years 


engaged in comtracting in the Northwest. 
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MEMOIR: OF WILLIAM “AUGUSTIN AIKEN 

74 -, fe As its Resident Engineer at the shops of the Union Bridge Company he had 


charge | of the fabrication of the Poughkeepsie Bridge, as well as other im- 


a 


portant work, notably the manufacture of the eye-bars for the Hawksbury_ 2 
River Bridge, in Australia, which were forged from Scotch steel, 
in bond, and later. reshipped to Australia. 
After some years of inspection work at Mr. accepted ted 


2 a position. as General Manager and Chief E ngineer of the Mt. Vernon Bridge 
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struction, ou such as the United States bridge the Mississippi 
A 


River, at Rock Island, ‘under Ralph Modjeski, M. Am. Soe. E, and 


he Duluth and Superior Bridge under the late Alfred Pancoast Bole, 


: dt Ww hen the contract for the original subway ay 3 in New York v was finally signed S 


‘to his experience with materials, with the that was 5 3 
; sequently appointed Division Engineer with the title of General Tnapeliih A 
Material. the Department of of Material 


and, as Vice- President, had of the Chemical and Physi 
él Laboratories. It was a source of pride to Mr. Aiken that for several ay 
years a large amount of his work came directly through his former connection a 
the subway, from General Parsons and his associates. 
an When the United States entered the World War, Mr. Aiken had retired i. 
from the Spackman Engineering Company, and was prevented from obtaining 

a commission: ‘in the Engineer Corps by a serious injury to his hip due to ; | 
fall. He was ‘obliged to content himself by doing “ “his bit” as a Testing a 


Engineer in the United States Ordnance ‘Department. was located at 


SAL 


several p plants and, finally, : at ‘Pottstown, Pa., .. which plant w was ‘said to have 4 


= _ been the only one, except Government Arsenals, from which no finished shells a 


— 


la After the war he returned to his favorite work of material inspection 

and was engaged on several large Projects through his association with 

ap Parsons, such as dry dock construction, at Portsmouth, ‘Va. > Navy 

Yard ; concrete warehouse construction, in Havana, Cuba; and a concrete 


ae across the Hudson River, at Glens Falls, N. Y., where for three om * 


i. 


— 
a 
i 
4 
— 
A ‘esting Laboratory as its i Representative, and 
Pittsbure 7 Laboratory as its Chicag hat city 
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he had charge of the manufacture of conerete. Mr. Aiken considered 
i association — with General Parsons on the original Rapid Transit work, and — 


subsequently, as tl the _happiest professional engagements of his career. 
= Owing to increasing physical debility due to an earlier inj jury Mr. ‘ee 


not active in business after about snd his 


He was a devout member of the Roman d and his’ his. 
conformed strictly to the requirements of his ‘faith 
-Mr. Aiken held membership for many years in the . American Society for 


‘Testing Materials and was active: in that Society, serving as Chairman of 
several ¢ committees and presenting numerous papers at its Annual Cc onven- : 


In 1881, he was married to Jennie M. Drees, of ‘Xenia, Ohio, whom 

met in Columbia, ‘8. O. ‘He i is ‘survived by his" widow, a a ‘son, W. D. Aiken 


Assoc. M. Am. Soe. C. E.; a daughter, Mrs. Jean A. Reinke, and two grand- 

Mr Aiken was elected a Member of the American’ Society of Civil Engi 

ILLL AM BULLARD ALLEN, M. Am. Soe. C. E.! 


V illiam Bullard Allen was born i in Indianapolis, Ind., on March 12, 1863. 
¥ “He: was the son of William Allen and Martha (Carter) Allen. He received 


his early education in the public schools in Indianapolis, and, later, attended 

B hoy Mr. Allen began his engineering career in 1881, on surveys for, and the | 

construction of, and Georgia Railroad (later, a part ‘of the 
jo Railway) ; ; and for the following four y years he: was active on surveys 


_ construction on the East Tennessee, Virginia, and Georgia Railroad, the — 


Northern Alabama Railroad, and also on the railroad belonging to the Cahaba 


b Coal Mining Company, between Woodstock and Blocton, Ala, 


Northern Railroad in On his return to the 
‘States he was engaged in like capacity for the Kansas City, Memphis and © 
Birmingham Railroad Company. Afterward, he was an Assistant Engineer 
Maintenance-of-W ay Department of the Louisville and Rail- 
road Company, between Decatur and Montgomery, Ala. 
a In 1888, Mr. Allen conducted a survey for the Mexican inching 
railroad from Jiménez ez to Balleza, Mexico, upon the edmpletion of which, 
he entered the service of the Texas and Pacific Railway Company as an As- 


sistant . From this position he was, 
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OF DE LANO ARMSTRONG 


of Division Resident: and Resident Engineer, 
ie in which latter capacity he had charge of bridges, buildings, and water ae 4 


the entire System, which was then about 1500 miles. > 
In May, 1892, Mr. Allen resigned the latter position to take charge of an bay 'f 
extension of 1 the Natchitoches Railroad, in Louisiana ; and in May, 1893, he is 

entered ‘the service of the Tennessee Coal, Tron, and Railroad ‘Company, ( 
which service he remained until his retirement on October 1, 1932. _ ee aa 4 
During this time, Mr. ‘Allen was also Manager of the Land Department, 


hey was Manager of the Chickasaw Utilities Company and of the Chickasaw ve 

Land Company (subsidiaries. of the Tennessee Coal, Tron, and Railroad Com- 
= Later, he was made Agent in the Executive Department of the Ten- 
nessee Coal, Iron, and Railroad Company, Assistant to the President of the 


Ensley Land Company, Vice- President of the Birmingham ‘Southern Rail- 


road ad Company, and Chairman of the Executive Committee, Port of Birming- o: 


He was on November 3 3, 1902, to Lucy Beall, of Birmingham, 


in 1 charge of all the Company’ s real estate until March, 1918. Subsequently, 


constantly from ill health. His advancement § in his 
op rofession was the result of an indomitable will, and a stubborn courage that oe 


refused to recognize or admit his bodily weakness. 

He was a very reserved man, and slow to give his friendship. Notwith- 

standing which he had a host of friends, and wielded an influence upon the me 


of others far beyond 1 his own realization. 
Tn his passing the Engineering Profession has lost a noble soul, , a 


of high ideals, and of unswerving integrity. 
if ~M Mr. Allen: was elected a Member of the Ameri ican can Society o of ‘Civil Engi 
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WIL LIAM DEL. ANO ARMSTRONG, M. Am. Sec. Cc. E.! 


W illiem Delano Axmatromg was born at W Wailuku, Maui Island, Hawaii, 
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of California. He was a merchant in Marysvill 
the early pio tion overland from Cleveland, hio, i 
if. hi ra » family. His mother, Lucia 
Calif. after his mig’ gift of the Goodale family. mother, L 
dale Park still exists as a gift of the Go = if 


Peck, daughter of a missionary family from New cme 
to California via a Cape Horn during the early period. 
i. The early years of W illiam Armstrong’s life were ‘spent in the Hawaiian 
Islands, where he received his elementary and preparatory education. For _ 
period of two years he attended Oahu College, in Honolulu, as a student in in 
Civil Engineering, after which he worked in an iron foundry | in the same 
city for a period before entering the service of the Olinda Oil Company as 
During 1901 and 1902, Mr. Armstrong was employed as Chief Draftsman = 
in the office of the Los Angeles Railway Company, subsequently joining the 
¢ Staff of the Pacific Electric Railway Company, as a Draftsman, with which he - 
held the position of Chief Draftsman for the years from 1904 to 1907. At | 
the end of this engagement, he became associated with the United States 
Reclamation Service and spen m work at the 
Granite Reef Project, in ‘Arizona. 9 
‘The formation of the Los Angeles County Highway Commission in 1907 
i the subsequent Good Roads Bond Issue in 1908 created one of the pioneer \ 
highway organizations of the West, and in 1909, Mr. Armstrong joined the 
 foneen of the Highway Commission as Structural Designer, thus entering a 
field of endeavor which was to become his principal life work. In 1914, the J 
ea work of the Highway Commission was delegated to the newly organized Los _ 
id Angeles County Road Department, with which his services were continued in _ 
the positions of Senior Structural Draftsman, Bridge Draftsman, and Senior — 
Bridge Draftsman, respectively, until 1925, at which time he was appointed — 
Bridge Engineer, with the responsibility of directing the design and con- — 
| struction of all bridge and structural work of the Road Department. Bil In 
this position he continued his work until the time of his death. ont ws ais 
_ Mr. Armstrong’s personality was of the type which has become known, 
in the popular mind, as typical of the engineer, in that his work was one of 7 
2 i his paramount interests. On the other hand, to those who knew him well, : 
: > his quiet, witty, gentlemanly disposition m made his presence in any gathering 
a source of pleasure and enjoyment. The people of Los . Angeles’ County 
bs really knew his work will be, for many years, reminded of him as, from time _ 
to time, they pass over the innumerable structures: into which his life and 
ambition have been incorporated. public service, to which the best 
j years of his life were dedicated, is benefited, and the esteem which public 
employees should warrant, is improved by the type of man which he exem- 
4 ‘In 1902, Mr. Armstrong was married, at Los Angeles, to Lillian Bovard, | a 


the daughter of Dr. Marion McKinley Bovard, and Jean (Allen) Bovard, 3 
pioneer of co-education at DePauw University, at Greencastle, Ind. He is 
survived by his widow and two brothers, Frank and Wade 
Hey was a _ member of the Sons of the Revolution, and of Pentalpha Lodge. 
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RICHARD I. DOWNING ASHBRIDGE, M. Am. Soe. C. 

ad Richard I. Downing Ashbridge was born on nm September 22, 1861, at Ondawa ~ “f 


7 Farm, near ar Downingtown, Pa. - He was the son of Abram S. Ashbridge’ and 


—4 


= 
ar 


oe 


‘ei Elizabeth (Downing) Ashbridge, both descendants of Colonial families. He ue 
q was of the sixth generation from George G. Ashbridge, who represented the ah 
County of Chester in the Colonial Assembly for a period of thirty years, I 

a 1743 to 1773. The County of Chester then comprised all of the State of ie 

3 Sa P ennsylvania west of Philadelphia County and south of the Schuylkill River. — t 

: Mr. -Ashbridge prepared for college at the Chester Valley Academy, in t 

4 ‘Downingtown. Later, he attended the University of Pennsylvania, at Phila- | 

g delphia, Pa., from which he was graduated, in 1881, with the degree of te 

Bachelor of Science in Civil Engineering. ‘During « one or more of his sum- 

7 be mer vacations, he was employed by the United States Geological Survey. __ Fe ( 

_ From June, 1881, to October of that year, , Mr. Ashbridge was Topigreg: ee 

the Central ‘Virginia Mining Company. He then went West, and from 

November, 1881, through November, 1882, he was Assistant Engineer during 

the construction of the Little Falls and Dakota ‘Branch o of the Northern fi 

‘Pacific Railway. y. The: next year (December, 1882, to December, 1883), be 


was Assistant Engineer i in charge of two 12-mile Divisions of the Duluth and 1 
Range Railroad, in Northern Minnesota. hile | engaged in this work, \ 
he lived under canvas a considerable part of the time, with the thermometer — a 

ive Returning "East, in . April, 1884, Mr. . Ashbridge took a position with the jo. 

- Department of Public Works in the Bureau of Surveys of the City of Phila- : i 

_ delphia, and from then until April, 1888, he served in various capacities a8 “ I 

Rodman, Leveler, and Assistant Engineer in charge of construction and i ta 
tion of a new intercepting sewerage system. For the next year, until June, 2 1 
1889, he was Engineer in charge of the construction of the City Line Bridge, ; on 


5 From | June, 1889, to January, 1890, he was employed as Assistant Engineer 
— charge of a section of the Ohio Extension of the Norfolk and bie 
a Railroad. Mr. Ashbridge then became Engineer of the Roanoke Develop 


_ ment Company, and, until August, 1890, was in charge of the laying out and F * 

erection of four bridges over the Roanoke River, and of grading and draining Ag E 

the town site and the construction of buildings. 
In August, 1890, he returned to Philadelphia, and until September, 


was once more with the Bureau of Surveys of the Department of Publie 
_ Works, this time as Engineer i in charge of the location and construction of i 
the Wissahickon Intercepting Sewer and its. branches. From “September, 
; 1894, to November, 1895, he was in charge of the construction of the drainage 4 
system of the Pennsylvania “Avenue (Philadelphia) Subway and Tunnel, 3 
x bracing about seven miles of sewers built into the tunnel. __ ae 
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Engin 
-delphia, he supervised the surv eys for, and the e excav waitin ‘of, the ship channel 


io He was Assistant Engineer on lines and grades for the Pabaitgvihta ‘we e 
“nue Subway and Tunnel from August, 1896, to September, 1900. From that 
- time until March, 1902, he served as Assistant Engineer on the improvement, 7 
extension, and filtration of the Philadelphia ‘Water Supply. During 
engagement Mr. Ashbridge assisted in the construction of the Belmont Waters 
5 Works, and the Torresdale Filter Plant, both of which are still in operation. 
ae Becoming First Assistant Engineer of the Bureau of Filtration, City of 
a Philadelphia, in March, 1902, he held that position for a year, leaving in - 


become Engineer for Stern and of Philadelphia, i in of 


és New Jersey Short Line Railroad Ghai a part of the Public Barvtie Cor 
mn poration of New Jersey) ; in 1906, the Atlantic City and Shore - Railroad; _— 
1907, the Atlantic City and Ocean City Railroad; in 1911, the ee 
i Philadelphia Railroad; ; and, in 1917, the Salem and Pennsgrove Traction 
i For more than twenty- five years prior to his death, Mr. Ashbridge_ he eld 
the position of Chief Engineer of the Atlantic City and Shore Railroad Com- aa 
was the author of a widely practical engineering book e ntitle 
“Civil Engineering Specifications and Contracts,” which he published in — 
- 1914. He also wrote chapters on ‘subjects with which he was familiar for 
{oot _ At the time of his death, ‘and for. many ny years prior thereto, Mr. ‘Aahteiaee — 
ae was a Vestryman of Bt. James Protestant Episcopal Church, in Downingtown. BS 
hie lover of mu: music, painting, and flowers, his main interest, outside his pro- 
«edie. was floriculture. Most of his ¢ spare time during the spring and sum- _ 
; mer months was spent in the garden of his home at “ Ondawa,” just east of 
Althou ugh his particular hobby was the raising of flowers, he 


was interested in all kinds of horticulture. For , many years, he was a member 9 
Hei is survived by four sisters, Mrs. J. D. Perkins, Mrs. C. S. Rutter, Mrs. 
Henry Ecroyd, and Eleanor Ashbridge; and by two brothers, hs S. Ashbridge, _ 
= Mr. Ashbridge was elected an n Associate Member of the American Society 
q Engineers on September 3, 1902, and a Member on April 30, 1907. Bebe \ 


JouN LELAND » BECTON, M. Am. Soc ce. C. 


Diep Taxvary 8, 1938 


abe J an Leland Becton, son of George and Mollie Becton, was born at Golds- a 
Name N. C., on October 24, 1885. His technical education was obtained at the a ‘ 


red by a Committee of the North Carolina Section, consisting of W. c. ; j 
J. D. nks, and J. E. Willoughby, Members, Am. Soc. 
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N. C., , from which he received the ‘degrees of Bachelor ‘of Engines in 1908, 
_ Mr. Becton began his professional work in W ilmington, N ina sub- 
_ ordinate capacity in 1908; and, in 1911, he established there a oul engi- 
neering practice. During the development and progress of that practice his 
_ work covered farm and drainage surveys; reclamation projects, such as pre- 
>» vail i in the flat plains of Eastern North Carolina; industrial railways and i in- 
4 dustrial plants; the design and construction of bridges, docks, and terminals; 
ater and sewerage systems and other ‘municipal projects. 
Positions held by him in public se service include: Deputy City Engineer, of - 
Wilmington ; Assistant Chief Engineer, of the Liberty Ship Building Corpora- 
- tion (a World War agency for building concrete ships) ; Member of the Board 
of Trustees for Greater University of North Carolina; President of the North 
Carolina State College Alumni Association; Member of Board of Engineering 
ha Registration for North Carolina; President of the ‘Wilmington Chamber of 
_ Commerce and Chairman of the Board of Stewards Grace Methodist 
Episcopal Church South. A short time before his death, he was elected Lay 
o} Delegate to the 1938 General Conference of his Church. — : 
Mr. Becton took an active part in . the work of the North Carolina Society 
a of Engineers, and the North Carolina Section of the Society, in both of which 
he held many official positions, including that of President. He held mem- — 
bership in Phi Kappa Phi (Honor Society), the Rotary Club, Cape Fear Club, 
Cape Fear Country Club, and the Carolina Yacht Club, all of Wilmington. ie 
a In the practice of his profession, Mr. Becton undertook only such work as 


; under his direction, 


‘those. who. knew and his worth was of greater moment ‘to him than a 
professional fees received, and he will be remembered as a public- oy 4 
Christian citizen, and as a friend, long after the “ gnawing tooth of time ~ 

. ie destroyed all records of his work as an engineer. He was never married. ¥ 

a Mr. Becton was elected an Associate Member of the American Society of 


Civil Engineers on December 2, 1914, anda ‘Member on June 6, 1921. 


CHARLES ROBERT | BETTE 


Charles Robert Bettes, the son of Edwin Wareham and Eliza (Kinnear) 
me was born in Youngsville, Pa., on a 9, 1863. He received his early 4 
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and the of Columbia University, i in n New York, 
A Mr. Bettes began his engineering career in 1881 in the New Y ork Office 
of the construction firm of Charles B. Brush, Inc., where he was employed, 
until the end of 1893, as Assistant in Charge of Surveys and Construction, — 
_ chief among which were the water supply structures, including dams, pump- \ 
houses, and stand-pipe at Union Corners, N. Y., for the New Rochelle (N. Y.) 
Water Company ; Weehawken Reservoir No. 2, of 30000 000 gal capacity; 
and the enlargement of the Queens County Water Company’s plant at Far 
January, 1894, he accepted the position of Resident Engineer with 
Queens County Water Company, designing and constructing its high-serv ne 
F and auxiliary | pumping stations, slow-sand iron removal filters, and extensions 
: of its distribution system. In 1397, he was appointed Chief Engineer and, — 
ering shortly thereafter, General Manager of this Company (which i in 1925 became 2 
er of ar Long Island Water Corporation), and continued in that capacity until 
odist his retirement on June 1, 1931. During most of this time he was alsoamem- _ 
ber of the firm of Tribus and Massa, in New York City, specializing in water : 7 
sewerage, and sewage disposal, continuing his association with this 
_ firm until its dissolution upon the death of Louis Lincoln Tribus, M Am. Soc. 7 
| The Water Company served not only the Rockaways, constituting the 
‘Fifth Ward of Queens in New York City, but also about fifteen or more vil- P13 
~ Tages i in the southwestern part of Nassau County adjoining the Queens County 
line, and its success was due in a large measure to the combination of tech- 
nical ability, foresight, and scrupulous integrity possessed by its Chief En- © 
= The co-operation o of Mr. Bettes with the New York City representative in : 
1915 was in great part instrumental in the subsequent agreement reached— _ 
as regards the Water -Company’s s plant lying within the city’s limits—on the 
i rates to be charged to consumers and the compensation to be ‘made the Com- _ 
: pany for the fire protection furnished. It was one of the early and one of 7 
the few instances in the eastern section of the United States where compensa- 
- tion was based upon a fair return of the estimated capital invested in the 7 
_ service, together with a proper allowance for depreciation, taxes, maintenance, 7 
operation, and was cited as a precedent in proceedings 
_ of a like nature. The aforementioned agreement remained in force until 
_ 1931 when the City acquired that part of the Company’ s plant lying within — 


— During his long association with ‘the Ws ater Company, Mr. Bettes saw the 

2 areas that he served, which contained many extensive estates, subdivided and 

4 developed into the populous urban and suburban communities of the better 

type with which they have been replaced, and in these developments he took — 

active part. Despite the demands made upon him by the need of 


tending and improving the water service to meet the rapid growth of these © 


es communities, he found time to be a member of the Chamber « of panes for f 
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MEMOIR OF JAMES BONNYMAN 


i the Borough of Queens, a Trustee of the Rockaway ‘Savings Bank, a member 


oof the Executive Committee of the Queens Branch of the Bank of Manhattan, i 
a Director of the Gibson Building Corporation, of Valley Stream, 


He also took an active interest in the work of the American Water Works 3 
_ Association, having served as Trustee from 1924 to 1926, and as a “member. of 


its Executive Committee i in 1929; che w was also member of the New England 


Mr Bettes did not neglect the social. and ‘spiritual sides of life. Hex num- 


gud lena among his friends. many of the leading citizens of Nassau County; and a 
_ few civic or philanthropic movements of merit were carried through without 
i benefit of his good judgment and advice. — He was a Trustee of the ‘Sage ; 
Presbyterian Church, of Far Rockaway, a Son of the American 

Revolution, and a soubor of many Masonic organizations. He was interested — 4 
i the Boy Scout Movement from its inception ; and, in 1937, for his ‘service to 
boyhood of America, the National Council, Boy Scouts of America, 
i. Washington, D. C., bestowed upon bine ‘the Badge of the Silver Beaver, as ag 

a | of his work. Those qualities of tact and patience, courtesy, geniality, a 


“ 


kindliness, which are so greatly stressed in 


“ scouting,” were personal 


attributes which all who came in contact with Mr. Bettes will remember. que. _— 
Surviving is his widow, the former Frances ‘Murray, of Cooperstown, — 
UN. .Y., to whom he was married in 1902. 
ss Mr. Bettes was elected a Junior of the American Society of Civil Engineers | 
on October 1, 1890; ‘an Associate Member on June 7, 1893; and a Member on | 


JAMES BONNYMAN, M. Am. Soe. C. E. 


hve James Bonnyman was born in Lexington, Ky. , on July 9, 1879. ‘His 
parents, , George and Sarah Ann (Toner) Bonnyman, had moved to Kentucky — a 
from Edinburgh, Scotland, a few years before his birth. He attended prepara- r: . 
school and the University of Kentucky, at Lexington. 
‘His first work was” as ‘a Chainman in Government engineering work near = 


64 Chattanooga, Tenn. i Soon thereafter he became connected, in a subordinate oe 
position under the Mining Engineer, with the Durham Coal and Coke Com- 
pany, the only coal-r -mining property in | Georgia, operating in Lookout Moun- A 


tin near Chattanooga. ome) ‘pdt dive withers ol alt 
- re: _ Two years later, Mr. ‘Bonnyman became Assistant Engineer and Roadmaster 
4 for the Rome and Southern Railroad Company’ (later, a part of | 
the Central of Georgia Railroad Company, = a 
—: In 1902, for the second time, he became connected with the Engineering | 


3 Department of ‘coal mine, being employed as an Engineer and the first 


* Memoir prepared by Alexander Bonnyman, M. Am. Soe. 
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nage in Georgia for r on a 
Central of Railroad, Chattanooga Division, of which he heads pre- 
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1906, the aj age tw enty-sev -seven. years; James was 
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to represent capitalists in New York, N. _Y. » and Boston, Mass., under the 

Presidency of Mr. Atkinson, « , in supervising and con- 

summating the delivery of a $6000 000 winedines: 3 in the Birmingham, Ala., 
__ District, of coal and iron property f from the Tutwiller and Adler interests, 
including several going coal and iron mines and iron furnaces, with a twelve 

months” time limit to conclude the transaction. | 
, hs ‘This work was done by Mr. Bonnyman os the title of Treasurer ‘of the 
was finished, and full delivery 

was made in the twelve months’ then continued as 
‘Treasurer and Acting Manager of the Birmingham Coal and Iron Company. © 

te He le was soon made Vice- President and General en continued as 


+ 


continue its ‘the Company was forced into Mr. 


bondholders and the New York and capitalists, a bank 
‘President in Birmingham being Co-Receiver representing local creditors. BPs 
a comparatively short time Mr. Bonnyman and his associates were able 

to pay all the ‘obligations | in full and he, again, became Vi ice-President and 

- Treasurer, the President under the re-organization being the head of a 

_ He continued as the operating head of the Birmingham Coal and Iron Com- 

Pale until about 1912, when, under direction of his ‘President and D Directors, 
concluded ‘negotiations by which the Company w was purchased on a very 
Bacinaye basis by one of the larger coal and iron corporations, , bringing its 

After ‘this achievement, Mr. Bonnyman, in 1912, at the : age of thirty- three 
ears, began promoting his own coal and iron mining companies. . His first 

% deve opment was the Clinton Mining Company, « operating in a 16-ft vein ‘of 
| hematite ore in Red Mountain, above the, City of 
coal mines in the District, being o one of the most com- 
‘mercial coal-mining companies in the district. 
i 1916, Mr. Bonnyman sold the Clinton Mining | pean of which he | 

_ was the promoter and President to the Gulf States Steel Corporation. In 1922. 
he resigned as President and sold his interest in the Brookside-Pratt co 
Company, Cincinnati, Ohio, to join interests with his olde: 


ber Superintendent of the Stearns Coal Company, then under initial development iii 
an, and to-day one of the largest and most important coal companies in Kentucky. 
offer of a position as Division Engineer in railroad work caused Mr. 
Bto 
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brother, the in the operation and devloment of several coal 


; a has r more than $6 000 000 invested and a | capacity o of 3 500 000 tons per yr. iG 
Although James Bonnyman began career as an Engineer and had 

s connection with or supervision over engineering work all the forty years of 

. his bu siness life, his principal experience was as a a financiar and an . executive. 
oh He was considered by all who knew him to be ; a man of great courage, oro 

- ability, combined with a gentle and kindly personality. Making true, 


“an outstanding characteristic. Ini religion, he was a Roman Catholic, 
Mr. Bonnyman was married at Bainbridge, Ga., on December 14, 1905, a 
4 Allie Golden Cliette. He is survived by Mrs. Bonny 
ee Bonnyman, Jr., and Mrs. Theodore Irving (Mary Golden Bonnymen) 
He was: a member of Cincinnati the Queen Club, 


CHARLES BROSSMAN, M. Am. Soe. C. E. 


Charles Brossman, the son of nagrear- G. E. ‘and Emily (Kohler) Bross. 
man, was | born in Philadelphia, Pa. on January 17, 1877. After his 
ation from the Philadelphia Training School, he entered the employ 
of W illyoung and Company, of Philadelphia, makers of scientific instruments — 
and apparatus. His next work, with the Baldwin Locomotive Works, in 


the Puerto Expedition as a member of the First Troop, Philadelphia 
- In 1900, Mr. Brows ain nove ed to Indianapolis, Ind., where he was ngaged 
in 1 the design of filtration plant and pumping equipment for the Indianapolis a 
_ Water Company. At the same time, through association with the Dean and = 
‘Shibley Company, he had responsible part in the construction 
Brossman, in 1904, entered the private practice of engineering and 
=a opened a a Consulting Office i in Indianapolis, with Mr. R. P. King, under the 
— firm name of Brossman and King. This partnership was dasolvel in 1901, 
and Mr. Brossman continued the consulting practice in his own name. ‘His | 


er gineering work centered i in the “West, notably in Michigan, Tiinois, 
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MEMOIR OF MELVIN DAVID 
with most young practicing’ engineers, his work had considerable. 
yy yariety, including design and supervision of construction of factory buildings, 
u asphalt plants, street improvements, and heating and power plants.  Gradu- 
: ally, however, as his reputation grew, he specialized in water supply and 
sewage disposal for cities, towns, and institutions. » His career was stopped i 
i at its peak by his sudden and untimely death on June 30, 1937. _ yeep 
_ As is usual with successful engineers, Mr. Brossman’s activities were ex- x 
_ tended in generous service to his profession. - In addition to his membership 
numerous technical and business organizations, he was Secretary of the 
Z Indiana Engineering Society for twenty years, and, later, was President of 
that organization. He served as President of the Indiana Section, American 
=e of Mechanical Engineers; Treasurer of the Indianapolis- aes 
Section, American Institute Electrical Engincers; President of the Sci- 


Water Works Aaseletien): At the time of his death, he was President of the -_ 
‘Indiana’ Section, American Society of Civil Engineers. * 
ee satisfied with his ¢ contributions to the up-building of his profession, _ 
_ Mr. Brossman was the author of many articles in the public and technical 
press, in 1 the publications of the organizations of which he v was a member, and 
numerous papers presented at engineering meetings. The Ohio Valley 
floods in January, 1937, added to his burden of engineering engagements, — 
but he he still found time to prepare for publication on flood-control 
_ His interests were by no means confined - his professional work, but were aa 
carried on into the life of the community in which he made his home. . At a 


* time of his death, Mr. Brossman was Chairman of the Boys Work Com- 2 ; 


=— Au 


mittee of the Indianapolis Rotary, an incident in his busy lila, but in itself 
indicative of his widespread interest i in the people about him. a 
i omg Socially, he was a genial companion, possessed of a rare sense of humor 
and full of sparkling fun. A man of unimpeachable integrity, his code of 
professional ethics was exceptionally high. His varied interests and his 


_ willingness to serve made him an unusually active and ica citizen, as well 7" 


} 28 an honor to his profession. be 


4 His widow aa bi dite, Charles Dean Brossman, Mrs. Fran 
Meyer, and Mrs. F rank (Brossman) Parish, survive him. ig 
Mr. Brossman was elected a Member of the 


Engineers 81918. 
on Supe 18, 16 18. 


MELVIN DAVID CASLER, M. Am. Soc. C. Yo 


Melvin David Casle was born at Bordentown, N. J. 0 
the son of Melvin Lipe and Carrie (Fiske) Casler, of pec wantin 


prepared Arthur V. Ruggles, Am. Soc. 
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gations for Eugene R. Smith, of Islip, N. Y. From September, 1903, to 


F his early education in 


2 _ he entered Union College, at Schenectady, N. 'Y. » in 1902, and was graduated 4 
in 1906 with the degree of Bachelor of Science in Civil Engineering, —Ss_ | 
Before entering college, Mr. -Casler was employed from June, 1899 
to January, 1900, as Machinist end Draftsman’ the Marvin Outer 
Company, of Cavastota, N. Y., 
_— was amember. From January, 1900, to May, 1902, het was aul in 
and factory Management for FE. Trumbull, of Johnstown, N.Y, 


Throughout his college course, Mr. Casler continued outside le ‘employ- 

ment, during» the college terms as well as the su 
September, 1902, to June, 1903, he assisted his father, Melvin L. Casler, 
of F ort Plain, N. Y., on surveying and drafting, and from June to Sep. 


tember, 1903, he was in n charge of surveys and maps, and drainage investi- 


- June, 1904, he was engaged on road and pavement drawings for 0. W. 

_ Trumbull, of Schenectady, and from > June to September, 1904, he was 
_ Chief of Party on drainage surveys and investigation of flood control de 3 
@ the New York State Court of Claims. - Throughout his third year at Union x 
College ( September, ver, 1904, to May, 1905) Mr. Casler was employed by 

- that College as Engineering Instructor and the following summer (May to — 
October, 1905), he was in charge of construction work costing $670 000 on i 
Contract 3 of the New York State Barge Canal, ‘at Fort Miller, N. Y. 
During his Senior College year, he was employed by the late Olin ca 
Landreth, M. Am. Soe. Cc. E, , of Schenectady, on _Sewer work and maps, % 
and also served ‘as Instructor in Mathematics and Physics: the Schenec- 
“After his graduation from Union College, he returned to the’ Ne W 

ome Barge Canal, where, ‘froma July to November, 1906, he was in “charge 
of surveys of alternative routes and studies of drainage problems and j 
‘canal location, ‘and from ‘November, 1906, to “May, 1907, on on 
the design of locks and dams, and on problems of rainfall, run-off, , ood 
Ss In May, 1907, Mr. Casler began per period of gervies which lasted al 
September, 1916, with the- Board of Water Supply of the City of New 
York. Until March, 1910, he was Assistant Engineer Designer on struc: 
. tures for the Ashokan Reservoir, Catskill Aqueduct, and Hill View Reser» 
voir. From March, 1910, to July, 1912, he was Assistant Section Engineer, 

and from July, 1912, to September, 1916, Section Engineer, in charge 
of construction, in Yonkers, N. Y., of Section 2, Hill ‘View Division, which 4 
Hill View Reservoir and appurtenant structures, “costing $3 400 000 
oe He was employed from September, 1916, to June, 1918, as Designin: 
_ Engineer by the Bronx River Parkway Commission, at Bronxville, N. Se 
and from June to October, 1918, he on the installation 
-H. L. Gantt Industrial Management Methods and Cost Accounting ‘Systems, in 
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MEMOIR OF MELVIN DAVID CASLER 
United ‘States Naval Aircraft Philadelphia, 
From October, 1918, to November, 1919, he was 1 the National 
 Qonduit and Cable Company, of Hastings, N. Y., as “Management Engineer, 
and from November, 1919, to August, , 1921, Production Manager for 
‘the Watson Truck ‘Company, of Canastota, de 
a Casler was again in the employ of the City of New York: from 
P August, 1921, to June, 1924, serving as Assistant Engineer with the Board — 


of Estimate and Apportionment in charge of a force of designers and. drafts- 
men on the preparation of preliminary designs and estimates and con- 
4 tract drawings for the proposed freight and passenger subaqueous tunnel 
1 between Staten Island and Brooklyn, N. Y. Mr. Casler was in direct charge ; 
of the design of a considerable part of this tunnel and personally developed a 
the theoretical stress analysis for the shield tunnel section, 
Fai From June, 1924, to September, 1929, he was” is Designing Engineer for 
the Hudson River Regulating Board, at Albany, N. Y. As such, he had 


charge of the preparation of plans and specifications for the Conklingville- 


_ Dam and appurtenant structures. This dam was built to create the Sacan- 
_ daga Reservoir on the river bearing that name, and serves both to regu- Ke: 
late the flow of the Hudson River, to which the ‘Sacandaga is tributary, — 
to develop power at the Conklingville Dam. 
He was Senior Assistant Engineer, from September, 1 1929, April, 1930, 


igsas 


on estimates, and a on ‘projects for additional water supply 
for the North Jersey District. 
From April, 1930, until his death, Mr. Casler Engineer 
with the Port of New York Authority on the design of the Lincoln Tunnel— 
? the shield-driven vehicular tunnel now (1937) under construction under the 
Hudson River on line with West 39th Street, in New York City. ar 
a Mr. Casler was proficient 3 in both the. design and construction of | engineer- 
5 ing works and as engineer in charge carried through successfully important a 


which he to engineering publications were of a mathe- 
| matical nature. A book which he published in 1915 was entitled “Simpli- 
Reinforced Concrete Mathematics” His work invariably noted 


me 

He of the true to many dite 

knew him. Besides his Professional activities, his interests were mainly in 
and his summer camp near 

was a of Madison Avenue Pres- 

aera Church, of the Masonic Lodge of Canastota, 

Y., and of Sigma Xi Fraternity. adobe 

In 1907, the year following his graduation from Union College, Mr. 

was married to Edna Lucy Greene, of Fort Plain, N. Mrs. 
and an uncle, Herman of Canastota, ‘N. survive him. 
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ME OF GEORGE CHAMPE 
Mr. was elected an Associate Member of the ‘American Society 
of Civil Engineers on September 5, 1911, and a Member on | April 19, om | 


GEORGE CHAMPE, M. Am, Soc. 


George Champe Dublin, Ind., on July 29, 1868, the eighth 
- child of Dr. George Washington and Elizabeth (Nation) ‘Champe. ~ His father i } 
= descended from John Champe, a Revolutionary W ar Veteran, whose 
daughter married George W ashington’s brother. His childhood was s spent 

the Village of Dublin, where he received his preliminary education at the — 
Grade School, and his preparatory education at the Dublin High School. Ih 7 
1888, he was graduated from Dublin High School with scholarship honors i in : 
mathematics. _ In 1889, at the age of 21, he was matriculated at Indiana State 
University, Bloomington, Ind., and was graduated from that institution _ . 
Sune, 1893, with the degree of Bachelor of Arts in Mathematics. As a stu- 
4 


4 


My dent, he assisted i in the planning of the campus of this young entvensbii ha 
: we college course was interrupted in 1890 for six months when he was as engaged as 
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Ind., an also at Indiana University, returning in 1896 to Bloomington as as 


= course in engineering albnens at Rose Polytechnic Institute, at Terre Haute, i 


a City Civil Engineer and remaining in that capacity until June, 1900. » ht 
odd During his early years of engineering practice, George Champe often ex- 
= a pressed a desire to locate in Toledo, Ohio. In the early part of 1900, he -— 
- occasion to make a business trip to Toledo, and he was so greatly ‘impressed 
si with the geographical facilities and transportation opportunities of the 
- that he resolv ed to accept a position with Carlin Brothers, builders of rails 
roads, and locate there. rg Accordingly, in June, 1900, he and Mrs. Champe pe 
_ moved to Toledo, where he established a private consulting office. This was 
during the time of rapid expansion of the electric interurban railways,and ll 


| 


Pu 


principal energies were directed into that field. He was associated with the 
design of of the sixteen electric railways which radiated from the 


Railway, and the Toledo, and Findlay In 
course of “this railway work he made e many friends in the cities a and villages 
which were tapped by these ¢ carriers, and these friendships later we were Ley 
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24 q because of the era OF nhard-surtace pavement construction that 
Memoir prepared by Carleton S. Finkbeiner, Assoc. M. Am. Soc. C. :_ 


DW IN CHAPMAN 


- jn approximately 50 ‘communities in Ohio, Michigan, and Indiana, to the 
value of more than $3 000 000, were designed and supervised by eqotl 
th this period also, there» was a a rapid increase in the demand for water- 
works and sewerage facilities the outlying municipalities, and George 
Champe was responsible for the design more than twenty- ‘five 
3 water- -works systems: and numerous other water-works- improvements, repre- 
- senting expenditures in excess of $2 000 000. Sewerage systems, sewage- 
_ treatment plants, and some power plants, including hydro- electric ones, were 


built under his design, representing investments. of more than $1 000 000. 


ushered in following the ion of the railways. More than ‘ 275 pavements 


i ‘Bridges aleo came under his planning, and he was Associate Engineer on the : 
er xc During ‘the last ten years: of his. life, George Champe became more and 
se = more identified with civic movements in his home city, becoming Chairman ~ 
in of the Lucas County Planning Commission, Vice- Chairman of the City Plan y 
he Commission, and | member of the Port Commission and the Mosquito Elimina- -— 
In i tion Committee. In 1931, he volunteered his service in the design of the air-— " 
im port runways at the Toledo Transcontinental Airport. 
He was” a member and Elder of the Collingwood Avenue Presbyterian 
all ‘Church, member of the Masonic Order, Rotary Club of Toledo, American — 
Water orks “Association, Toledo, and the Ohio Society of Professional 


gineers. From 1933 to his death, he was a part- ‘time 1 Instructor the Uni- 
versity of Toledo in Sanitary Engineering, 

_ The character of George Champe was firmly molded along the li es of Rv . 
it integrity and devotion to his profession. All phases of engit eering ‘ae 


as 4 


struck a responsive chord in him because his interests were manifold. His 
“many transactions with political divisions had a very fine flair 


— On November 17, 1897, Mr. _ Champe was united in ‘marriage to Harriett 


{ May Noble, of Indianapolis. _ Surviving him, in addition to Mrs. Champe, are 7 
two daughters, Mrs. Dorothy 0. Longnecker and Elisabeth Champe; and two 


a Mr. , Champe was elected a } ‘Member of the idiatipbe Society of Civil En 


“neers on December 4, 1922. 


ARNOLD OODWIN CHAPMAN, M. Am. Soe. €. E.! 


Arnold ‘Goodwin Chapman was born in | Guilderland, N. Y., on July 23, — 
1884, Hey was the son of George Ashley and Ida (Goodman) Chapman. His - 

J preliminary education was obtained in the public schools in Albany, N. Y.. 

completion of which he entered Union College, at Schenectady, 
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MEMOIR OF ARNOLD GOODWIN CHAPMAN 


The greater part of Mr. ‘Chapman’s professional life was in 
service. Immediately following his graduation ‘ from Union College he entered _ 
the Department of the State Engineer and Surveyor of the State of New York 73 


as a Chainman, where he served continuously until 1915. During this period — 
he was promoted through the grades of Assistant Engineer, Assistant Deputy = 
ae Engineer, and Deputy State Engineer, v which position he held from 1912 : 
- to 1915 under the late John A. Bensel, Past-President, Am. Soc. C. E. ~The 
_ scope of Mr. Chapman’s engineering experience during these nine years a 


pags 


broad, including highway construction, and the many and varied problems 


which presented themselves in connection with the design and construction of — 
the Barge Canal System, the greater part of which was built during this period, 
a Mr. Chapman retired as Deputy State Engineer - in 1915, and entered q 
private practice as a Consulting Engineer which he continued through 1922, 
ns thus engaged, he was connected with many important engineering works a 


involving” the design and coristruction of flood- control ‘projects, “municipal 


os In 19238, he returned to the State service as Deputy State Engineer under 

Dwight B. La Du, M. Am. Soe. C. E., and occupied this ; position until the 

7 _ 4 end of 1924. During 1925 and 1926 he was retained by the Department of 
4 ublic Works of 1 the State of New York, as Supervising Engineer in charge a 

of the Hornell and Canisteo Flood Abatement Projects, and during 1927 as 
general Engineering Consultant. 


construction p projects, and various other engineering activities, 4 


a In 1928, Mr. Chapman was appointed Chief Engineer of the Albany Port - 
. District Commission and served as such until 1936. He prepared the com- ; 
= plan which was followed in the building of the Port and was ia 
charge of the design and construction of the Port Terminal facilities, in- a 
ing the dredging of nearly 4000 000 cu yd of “material, the 
300 acres of land, the construction of dock walls extending more than 5 000 ft, 

largest. single unit grain elevator in the world, storage sheds, streets, 
sewers, railroad facilities, and, in ‘fact, everything that goes to make up yam 
inland port equipped to handle ocean-going traffic. = 
hile his work in connection with the Barge ( Canal and the many other 
projects on which he was at one time engaged was noteworthy, the contribution 
r . he made le as an Engineer tot the Port « of Albany was his outstanding engineering 

achievement, , and his name will be inseparably linked with ‘this 
In 1936, he resumed private practice as a in 


and was carrying on such practice at the time of his death. _ He was ‘also 
‘4 serving as Manager | of the New York State Waterways Association and as 
Executive Secretary of the New York State Society of Professional Engineers. 
ae _ The professional societies with which he was affiliated, included the Albany 


Society of Civil Engineers, New York State Society of Professional Engi: 

i neers (of which he was a Past- President), and the National Society of Pro 

fessional Engineers. ‘His college fraternities were Psi Upsilon and Sigma 
Xi. His clubs in Albany were Fort Orange, University (of which he was 


President at the time of his death), and the Albany Country Club. Mr — 
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- Chapman was a Mason, Knight Templar, and ‘Shriner, and a ‘member of 1 if the . 

On June 12, 1912, he was married to SSisteaie di Nead, who, with. three 

children, Arnold G. Chapman, Marjorie Chapman, aa Carol Chapman, 

Due to his many years of outstanding public service, both to his State and . 

- City, Mr. Chapman had established a reputation as an Engineer which ex- 

a - tended beyond the bounds of his own City and State. During the later years 

i of his life, he gave unselfishly of his time and energy to the advancement of 

_ the standing of the engineer through his advocacy of licensing the practice 

of engineering and the fixing of minimum requirements which must be met 

before one may call himself an engineer, = 

‘The death of Arnold Goodwin Chapman marked the passing not only of a : 

2 capable engineer, but also of a man who was beloved by all whose good | fortune 


it had been to know him. lind vate od? 


a 


As Mr. Chapman was elected a Junior of the American Society of Civil 
Engineers: on July 1, 1909; an Associate Member on April 30, 1912; and 


4 


FRANK DAVID CHASE, M.A Soc. C. E.' 


“phe Frank ‘David Chase was born in Riverside, Ill., on August 2, 1878, the A 
son of David Fletcher Chase and Emily Frances (Tabor) Chase. » He was a 4 
- descendant of old American families, and in the paternal line traced his 
ancestry from Thomas Chase, who came to America about 1638. 
Frank ‘David Chase ‘received his early education at the Evanston qm.) 
Township High School, and wa as graduated in 1901 ‘from the 
Institute of Technology, in Boston, Mass., with the degree of Bachelor of 
Science in Civil Engineering. After his graduation h he spent four years in 
Engineering Departments of the ‘Minneapolis and St. Louis Railroad 
Company and the Chicago and Alton Railroad Company. 
From 1905 to 1907, he was employed by the Leonard Construction Company a 
a Superintendent * building work, and during the following s six years she 
held the position of Architect, first for the Illinois Central Railroad Company 
ad then for the Western Electric Company, with headquarters in Chicago ma 
II 1913, he organized his « company of Frank D. Chase, Incorporated 


- Soon after beginning his active career, he became impressed with the 


iManee of industrial engineering, the design of manufacturing plants, 
and other large business and industrial structures, with a view to the greatest 

ficiency in production and the most economical utilization of space, anc 


to become a Specialist in this field. Yo tities 
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MEMOIR OF JOHN CARROLL 


= soni: the United States, and the ideal utility of his designs, cord 
@ by) the test of practical operation and experience, won him a notable reputation. 
ba Mr. Chase designed, among ng others, the plants of the St. Louis Star-Times, 
Bt. - Louis, Mo., The Oklahoman, : in in Okishome City, Okla., and the Mil- 


As Architect and Engineer of his he ‘designed and 

- more foundries than any other consultant in the United States. He was also 
+4 retained on plant construction in Europe, and executed a large industrial 
contract in Soviet Russia. He did not confine his efforts solely to industrial 

- projects, however, and designed a number of mercantile buildings i in the Loop _ 

i. repre in Chicago, including the 23-story building, at 100 West Monroe 
‘Street, the 16-story building, at 173 West Madison Street, and the 10- -story 


Starck Building. He also the ‘Chicago the 


as President of W estern Society of Enginests:. serving June 1, 
to June 1, 1932. In 1933 and 1934 he was Executive Director and ‘Chit 
- Engineer of the Civil Works Administration for the State . of Illinois, and 4 

_ Chief Engineer of the Illinois Relief Commission. In 1936, he served s 

a Chairman of the Washington Award ‘Commission, and presided at the presen- 


‘a Mr. Chase was formerly a member of the Engineers Club, of New York, 


a the Engineers Club, of Chicago, the Barrington Hills Country Club, and 


- the League and the University Club, of Chicago. He enjoyed outdoor 


life and travel, and spent much of his spare > time in t the ‘West, Particularly i in 
Arizona New Mexico, where he frequently went on camping ‘trips 


study the relies of « earlier Indian culture. 
3 He was married, in 1927, to Cecile Chambers, of Chicago, who, with one - 


daughter, Eloise, survives him. ¥ His brother, Al Chase, is the Real Estate | 


Mr. Chase was ‘elected an_ Associate Member of t the American Fos a 
et cw Engineers on June 30, 1910, and a Member on April 2, 1912. an a 


JOHN CARROLL CHASE, M. Am. Soc. Et 


John Carroll Chase: was s born or on July 26, 1849, at Chester, a town in the 
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oe. ___Mr. Chase, who was active until his death, was an acknowledged authority 9 
( OF The Award Tor That vear To tUparies Kettering. AT. £ 
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Memoir prepared by C. Frank Allen, M. Am. Soc. C. Thon 


on his father’ 8 side from’ Chase who settled in 1640 at 

ton, at that time a part of the Massachusetts Bay Colony. His mother a 

descended in the eighth ; generation from the same Aquila Chase. A 

; Chase family in Chesham, England, has in its records the name, Aquila, which ~ 
some claim that the American family came e from that town, but J ohn 


family, but our fail to a connection.” The ancestors 

“of John Carroll Chase soon moved from Hampton to Newbury, Mass., and, — 
to Chester, where he was born. 
Brought up on a farm, he attended the local district school and, later, 


Ohester Academy. Afterward, attended Pinkerton Academy, in Derry, 


3 


‘entered the Massachusetts Institute | of “Technology, at Boston, Mass., 


map of the of “Old Chester. He is 
unusual mechanical skill and was much in demand as a millwright throughout 
. neighboring towns in New Hampshire and Massachusetts. In 1871, after 
spending a year at the Massachusetts Institute of Technology, young Chase 
was married, and his studies | at the were discontinued, 


» His first employment in Civil Engineering was in the office of Joseph B. 


he iene in Manchester. More importantly, for about four years, he served as i 7 
a an Assistant Engineer eer on | the construction of the water- works for Manchester. 
Following this, he was -\ssistant Engineer on the construction on of the ‘conduit ; 
of the Sudbury River System of the Boston (Mass.) Water Supply, and, . 
fterward, as Assistant Engineer on the elevated of New York, N.Y. 


Engineer. Dearing his of 
Ww he ‘as well the position of City Surveyor and also 
became a member of the Wilmington Board of Health. — Mr. Chase was also, — 
for four years, the Engineer | Member of the State Board of Health and ren- 
iz dered valuable service in this capacity ; this was in the early days of sani- 


tation in North Carolina. activities, however, not confined tc 


Wilmington, for during his residence there, he was engaged in general “Ss 
= in North Carolina, South Carolina, and Georgia. During this time a 


he designed and constructed the water-works and s sewerage » systems for Albany, ” 
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period, he promptly made many friends in Albany, the fact 
that he 1 was; continuously acceptable was alike creditable to those with w - whom 

he became as well'as to Mr. Chase himself. ont 

_ After more than twenty-four years in engineering activities, Mr. Chase Bie. re 
resigned i in 1897 tor return to Derry to enter the employ of his uncle, Benjamin Veo 
Chase, Jr., in a business. whieh, in 190%,. ‘was incorporated as the 
Company, of which he General Manager and Treasurer. Subse: 


wae 


‘known specialties. among and. pot labels "used by nur nursery 

- men and florists. | Probably two-thirds of all such labels that have been used — 
. the last thirty years in the United States and Canada, have been made by 
this" Company. ° Its a administration was was successful an and w was continued by Mr BS. 


ths attention he found it “mecessary to give to it did not him ‘from 
giving ‘much | time to many interests of a varied so sort. ves 


While still in the South, before his return to Derry, Mr. Chase was aca Al 


7 a Trustee of ‘Pinkerton Academy, being the first alumnus to be so chosen, 
Soon after. his return to Derry, he became Secretary of the Board and Chair- 
man of the Executive Committee of the Academy, and was recognized as its 

most influential member. He was also Secretary of the Alumni Association. 
He devoted considerable time to a study of its records and compiled 1 many 

a. interesting data with relation to it. Mr. Chase was an active helper of = 
Congregational Church, at Derry, and the “ mainspring ” of the Men’s Club. 

He was a Trustee and Treasurer of the Taylor Library of that city, and also. © ‘ 
President of the Nutfield Savings Bank. He was regarded as one of the 


leading citizens of Derry; was most known. 


* the New England Water Works Association (of which he had become the sia 

senior r member), and in the Boston Society of Civil Engineers. He was well- 

nigh a constant attendant at the dinners and meetings of these societies. He 


= a member of the Shatner Section, and also maintained membership Be 


also attended many of the Annual Meetings and Conventions of the American : Re: 


Society of Civil Engineers. Equally, he attended the meetings of the 
} As Association of the Massachusetts Institute of Technology and of its Alumni 
id Council. It is of interest to note that although he attended ee ‘only 
2 one year, he was the representative, on the Council, of his Class of 1874. He 
seemed to possess something of the “ gang” instinct, a get- -together habit, as 
| appears more fully later, so that his attendance at these and other meetings = 


could perhaps be regarded i inh later years in of Due 


a 
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«of. the American Public Health Association, 
In fraternal organizations, Mr. Chase was active in Free Masonry 
which his memberships extended from Master Mason to Kni — 


MEMOTR OF JOHN CARROLL ‘CHASE 
he to the highest offices in his Chapter, Council, : and his Cui 
a ~ mandery. _ He was Past Deputy Grand Commander and member of the Grand © 
~ Commandery: of Knights Templars of North Carolina and, ‘frequently, went 
- Booth to attend its Annual Conclave. He was a member and Past Patron 
of the Order of the Eastern Star. He held the highest office in the Supreme — 
Council of the Royal Arcanum. He was a member, too, of the Independent 
Order of Odd Fellows for more than fifty 
a His clubs included the University, City, and inipbilalbiedi: Clubs, o of Biistonl) 
- the Technology Faculty Club, of Cambridge, Mass., the Technology Club, of - 
New York, and the University Club, of San Diego, Calif. 
“His intedeste in another direction led him to become a member of a number 
a of historical and hereditary patriotic organizations, among them the Society 
5 Colonial Wars in the Commonwealth of Massachusetts (Deputy Governor 7 
General), the Society of Colonial Wars in the State of New Hampshire, sO 
- Massachusetts Society « of Sons of the American Revolution (Member of the 


Society, and the Society for 


_ Membership i in these societies was quite in line with what appears to have 
‘been his main interest for many years, membership in the New England 
Historic Genealogical Society. He became a member in 1899, soon after 
his return from the South and later was made a life member. In 1921, he , 
became its President, an an office which he filled until his death. In this Society _ |, 
he also was a member of a newly established class designated as Pilgrim 
_Tercentenary Member, receiving the certificate stamped 1 No. 1. Three years 
after he became the President of this Society, on the - wall of the stair hall 
of the New England Historic Genealogical Society’s house, in Boston, Mr. 
_ Chase placed a tablet, surmounted by the representation of a ship of early a 
Colonial days under full sail, and bearing this inscription: “Aquila Chase 
Mariner 1618 1670 Hampton N H 1640 Newbury Mess 1646 ~=By old 
bal: pe the first ‘Pilot at the mouth of the Merrimack River Erected by his 
descendant John Carroll Chase 1924. To his genealogical work he brought 
s tea accurate and honest mind of a trained engineer. The last public function 
| which } he was able to attend was | in . anuary, 1936, when he presided as 
Deputy Governor of the Society of Colonial Wars of Massachusetts at a 
Tay Whether or not there was an element of cause and effect in it, it eiiais a 
that coincident with his joining the New England Historic Genealogical — 
Mr. Chase, as on one of the Founders, was s instrumental in | the forma-— 


Later, in 1928, he published, with the co- operation of 
Walter Chamberlain, a volume of apd pages entitled “ s ‘Seven Generations of — 
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— history. In 1926, he published a book of 


MEMOIR: OF JOHN CARROLL CHASE 
550 pages entitled “History of Chester, New Hampshire, Including 
Auburn, a Supplement to the History of Old Chester,” ‘the latter having been oe 
written by his grandfather. He was also author of “The Descendants of 
_ William Chase.” He was a frequent contributor to newspapers” and = 
of of both civic and professional quality. As late a as March, 
1935, in his capacity as President of the New England Historic Genealogical 3 
Society, he made an address on “ Ninety Years of the Corporate Existence « of Nh , 
the Society,’ which was duly published i in the ‘Register ” of the Society. 
* Mr. Chase was kindly by nature, helpful to others i in many ways, and gen- 
erous beyond his ‘means, ‘some thought, as he was not a wealthy man, 
though unassuming in habit, unselfish, and not contentious, that Mr. Chase pos- age be 
7 sessed high qualities of leadership is abundantly evident from the ‘Prominence 
as ~ accorded him in various societies and organizations of which he was a member, a 
_ At meetings of such hodies, his presence was familiar and welcome. ‘He readily ae 
made friends, young as well as old, and his friendships were many. ‘His trips 
’ the Pacific Coast became an annual circumstance rather than an event, and — 
it is interesting to note that he maintained ie Uy in the University ie 
Club of far-off San Diego. These trips were often in the interests of his 
Benjamin Chase Company at some convention . of the 1 nursery men en of that 
section, when he was greeted as “ “Uncle John,” ’ or at times at meetings of 4 
Technology Alumni | who were glad to: secure ‘fresh news fr their Alma 
His frequent transcontinental trips by varying lines of travel were often = 
_ interrupted en route, giving him opportunity to | know more of the United 
antes and also to make contact with genealogical societies and individuals — 
interested in genealogy in other States. It was not uncommon for him to o 


Tong distances out of his direct route in order to call on some friend whose 


As stated in a memoir? published by another Society, wif oft 


Ps? The ec cosmopolitanism m of this man greatly impressed r me at the time his 
associates gave a dinner in honor of the eightieth anniversary of his birth. - 
_ The response which it evoked in Wilmington, N. C., in San Diego, Calif., and 

in Vancouver, B. C., would have led one to believe that he was a resident a 


of Brookline, where he spent his last eight winters. He had entered into the 


life of all these communities. beers ot olde sew 


ness interests lay, or of the adjoining town of Chester, where he was born, 4 


an same memoir, referring to his Journey to his 
wR ax ‘on such journeys he visited the great engineering projects which __ 
might be in the making, observing them with a keen professional insight a 
interest. In this way be kept fully abreast of the progress of civil engineering, 

for he always remained an engineer at heart, even though | engrossed in -_ 
problems of business or the preparation of his | books and papers dealing with 
«8: Phe New England Historical and Genealogical Register, July, 1936, p. 221, Line “6 


each of these communities, quite as much as of Derry, N. H., where his busi- — “3 
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mw. Ne ow England to the core, by descent and temperament, Mr. Chase lived 
an abundant life, active, keen of mind, friendly, of broad cosmopolitan in- 
terests and of Sterling character. His life may well have been guided by 4 


Chase motto, “Ne Cede Malis. 


I __ Mr. Chase was married i in 1871 to Mary Lizzie Durgin, of West Newbury, — Jy 


‘Mass., who died in 1927, following a protracted illness. Tn 1928, he was Ey 
married to Florence Anne Buchanan, of Brookline, Mass., who survives him. 
He is also survived by two daughters, Carolina Louise, married to Dr. Raffael = 
Lorini, formerly of Coronado, Calif., and for many years a prominent physi- 
cian there, but now retired; and Alice Durgin, married to Professor Samuel 


Cate Prescott, Dean of Seience at the Massachusetts Institute of Technology. 7 


J Pre Chase was elected a Member of the American Society of Civil Engi- 


= 
om ELVILLE FISK CLEMEN TS, M. Am. Soe. 
_ hel 4a 
the Melville Fisk. at ‘What Cheer, Towa, on March 13, 
1875, the son of Wilbur F. and Rebecca (Fair) Clements. After completing 
.* early education in the public schools, he entered the University of Towa, a 
at Iowa City, Iowa, from which he was graduated, in 1899, with the degree of q 
Bachelor of Science. Later, he did Post- -graduate work at George Washington ) 
‘University, at Washington, D. C. Tn 1904, he received the degree of Civil — 
Previous to completing his course in the University of Iowa, Mr. Clements — 
; - employed for a short period as a ‘a Draftsman in the Topographer’s s Office, 
in the Post Office Department, at Washington, D. C. Following his gradua- 
tion in 1899, he was employed as Assistant Engineer on Maintenance on the 
_ Burlington, Cedar Rapids and Northern Railway until 1902, when he joined — 
the Engineering Department of the Chicago, Rock Island and Pacific Railway 
_ Company, where he served as Chief Draftsman in the Maintenance-of-Way 
Department, as a Designer in the Bridge Department, and as Assistant Divi- 
sion Engineer on Maintenance. In 1906, he joined the Clinton Bridge and 
Tron Company, at Clinton, Towa, and was in charge of design and shop 


In 1907, Mr. Clements began his connection with the Northern Pacific pe 
Railway Company, which continued until his death. _ His first work was in 
_ the Bridge Department as a Designer. | Following this, he was s Assistant 
; _ Engineer on Construction for several years, handling many important proj- 


- ects, including heavy bridge construction, reconstruction of branch lines, 


= and subway work, and a grade-separation in Spokane, 


= 
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Pec In 1916 , he was made Bridge Engineer, with headquarters at St. a : 
Paul, ‘Minn., which position he held at the time of his death. bi 


is | For or seve eal years, Mr. Clements had been retained as Consulting Et 


Pacific Railway, at Benecia, Calif., and the Huey P. re Memorial i Si 


New La. 


with a keen intellect, broad. y » a d a leasin rsonalit . He was a 
with | inte roa vision, n p ng personality. He was | a 


of sterling character and was liked by all who knew him. 
_ _He was a member of Sigma Xi, the St. Paul Engineers Club, the American et 


Interprofessfonal “Institute, and the St. Paul Athletic Club. He was an 
Elder of the House of Hope Presbyterian Church, of St. Paul, Minn., in which 4 
i 1900, he was married to Minnie Coover, who survives him; also sur- | ' 
are his mother and two sisters. _ 
Mr. Clements was elected a Member of American Society of 
Engineers on on September 2, 1914. one 
CLARKE ‘PELEG COLLINS, M. Am. Soc. C. 4 
\ ‘ow Clarke Peleg Collins was born on December 14, 1868, at Narragansett, “4 
@ R. L, the son of Peleg Gardner and Mary Winslow (Hawkes) Collins. i ~The <* 
family was a member of the Society of Friends. ‘His forefathers, coming 


England, settled in Lynn, Mass, in 1685. 


School), at Providence, R. L, with the Class of 1887. Although he was able 
to attend only one year at Rensselaer Polytechnic Institute, at Troy, N. Y. i 


he gained a thorough knowledge of his profession through constant study and 

practical e: experience. ‘He completed the Civil Engineering Course and 
Course of the International Correspondence School of Scranton, Pa. He also 

4 held a certificate of proficiency from the American School of ‘Correspondence, 
of Chicago, Til., , in Hydraulic and Sanitary Engineering. studied m munici- 
pal and sanitary engineering under the late Samuel M. Gray, M. Am. Soc. 
Cc. E., _ Consulting Engineer, of Providence ; hydraulic and sanitary engineer 


ing E. J. McCaustland, M. Am. Soe. E., of Cornell University, 


Memoir prepared by ‘Thomas 8. Lang, Am. Gee 


Engineering Association, the St. Paul Chapter of the American 7 


Mr. Collins was graduated from Friends Schoo ol (later Moses Brown 
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OF CLARKE PELEG COLLINS 
Ithaca, N. ; mining engineering under John F 
Mining Engineer and Geologist, of Johnstown, Pa.; and bridge engineering : 
<= under Emil Goldstein, of the American Bridge Company, in Johnstown. In | 
¢@ addition to technical courses studied under the direction of others, Mr. Collins 
- averaged t two hours a day in the study of technical subjects for a period of P 
ten years after leaving Rensselaer Polytechnic Institute. BL alt aot 
_ In 1888, Mr. Collins joined the Staff of Mr. Gray, then City Engineer of 
q Providence, in the Park and Highway Department. He continued as an em- ui 1 
an “ployee and student under this well known Engineer until July 28, 1890. al 
From July, 1890, to August, 1893, he was employed as Assistant Engineer fe ey ; 
in the Mining Engineering and Survey Department of the Cambria Iron > 
Company, later the Steel of J ohnstown. He was 


that Company, railroad maintenance, and He also assisted in 
< the development of W estmont, an exclusive residential suburb of J ohnstown, P 
for the Westmont Land Improvement Company, a subsidiary of the == , 
Tron Company. 1 _ This work included the grading and paving of streets, in- 


‘stallation of sewers, water lines, and gas lines. ub otht 


_ In 1898, depression came over the country and in August of that: year, 

- while on his honeymoon in Providence, Mr. Collins was notified that the 

Cambria Iron ‘Company had closed. He immediately went to o work in the 
City Engineer’s Office, at Providence, in charge of the construction of a_ it 

of the e improved sewerage system of that city. toh 

_ Mr. Collins was recalled by the Cambria Iron Company in 1894, with which — 

7 he remained until 1900. During the last two years with this Company he 

was engaged in the investigation of water supply for the Manufacturers Water 

: Company and the Johnstown Water Company, both subsidiaries of the Cam- 


90 000 000° gal ‘was built according to his also had 
ee of the coustemotion of the Otto-Hoffman coke ovens for the Cambria 


In 1900, Mr. Collins entered into private practice ) with offices a at J ohnstown, — ‘ 


one in J ohnstown, he installed some of the largest mining ‘operations in a ‘ 
Pennsylvania. acted as Chief Engineer in of making 


mining operations in County. The large plant and 


at Ralphton, Pa., was ‘installed | under his ‘Supervision for the e Quemahoning 4 


z ‘tans From 1904 to 1906, he was retained by the United Coal Comnsensy; of Pitts- 
burgh, Pa., in charge o of the construction of the J erome Branch Railroad from 
 Selleensle to Jerome, in Somerset County, as well as the construction of the. 

plant at Jerome, including steel tipple, stone power-house, main and air shaft, = # 


65 ft deep, =e d miners’ houses and store. This plant was | considered ae ot 
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most modern i in Western For the ‘Maryland Coal 


P ania, Maryland, ‘and West ont Lak livt of 


During his practice in Johnstown he also served as Consulting Engineer : 


for the following: Haws Coal Company, Operators Coal Company, and Citi- ah 


_ zens Coal Company, all of Johnstown; Federal Coal Company, Black Lick | 


Coal Mining Company, Commonwealth Coal Company, and Maryland Coal 


- Company, of Philadelphia, Pa.; Quemahoning Coal Company, of Somerset; ye 


and United Coal Company, of Pittsburgh. This’ work consisted of examina- — 
and valuation of coal properties and reports on | coal fields. Re 


> 


_—He also executed the following work: Sewerage system Lilly and 

Meyersdale, Pa.; drainage system for Hollidaysburg, Pa.; water- 
sewerage system for New Florence and Windber, Pa. 

Mr. Collins laid out a ‘number of subdivisions in the 1 vicinity of Jehumnealy 


the most important of which is the attractive Borough of Southmont, which — 


adjoins \ W Vestmont and, like the latter, is an exclusive residential suburb o ea 


dt In 1912, Mr. Collins left his private practice to become Special Engineer — 


the Berwind- ‘White Coal Mining Company, in which capacity he 


treatment plants” for water supply and the ‘disposal of sewage from mining 


by Mr. Geen sateil the late Rudolph Hering, M. Am. Soe. C. E. ye 
Engineer of New York, N. a . The system was designed to serve a pepe 
e of 168 000, the estimated cost of which was more than $2 000 000. | The work 

constrected according tohis plans 


bag _ From 1918 to 1920 Mr. Collins was in the service of the Government as , 


Senior Engineer with the ‘United States Shipping Board, Emergency Fleet 


Corporation, at Washington, D. C., and Philadelphia, in charge of sewerage, 


anim and sewage disposal for eighteen housing projects built to serve the 


merchant shipyards. be ‘These projects were situated along the Atlantic Coast a 
from Maine : to Florida and in the Central West. During this period he was a 


also delegated to report on the valuation of 30000 acres of coal land owned 4 


by the German Imperial Government, at Farmersv ille, Tl. This report 1 was 


: made to the late Morris Knowles, M. Am. Soc. ©. E., of Pittsburgh, the engi- 


neer appointed by the Alien Custodian. | oaths 


; ‘eal ‘Mr. Collins moved to Clarksburg, W. V: a., in 1920, where he was engaged G4 


in; private practice “until March, 1936. + During this time he made reports aa 


a valuations of properties in Pennsylvania, Maryland, West } Virginia, and 
Re In July, 1920, he was engaged by the Mountain Water Supply Company, 

_ of Philadelphia, to study the pollution of its dam on Indian Creek, Fayette — 


County, Pennsylvania, by mine drainage. . This in investigation of streams af 
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mine covered a total of 30 687 acres of out areas 
in four counties of Western Pennsylvania. Diagrams were prepared 


day, “a the ‘total flow of the streams, in . gallons 1 per day, at the point where “a 

the mine drainage collected, the total sulfates in the mine drainage, and the © 

- total sulfates in the stream at the gaging and sampling sts station. This was the - 

first authoritative report : relating to the pollution of streams by mine drainage. 7 a 
Sales that time extensive work has been done in the sealing of mines to pre- 
vent stream pollution i in Pennsylvania, West Vieguaia; and other coal-produc- © 

Va He was later euployed by the Yough Hydro Electric Company to report J 
the valuation of its property at Swallow Falls, Garrett County, 


Collins designed a sewage plant for the of Somerset, 


and of the Clarksburg Light and Heat fon the city 


in presenting its case as protestants before the West Virginia Public 

Service Commission. He was also employed by the City of Weston, W. Va., 
_in its case against the Wi eston Water Company, which was: presented be before 


ls Ind une, 1930, he was retained by the United States Government, -Depart- 


+ 


-Quemahoning Coal Company and other companies in Somerset County, 


—-_TIn 1933 and 1934 Mr. , Collins prepared and submitted the necessary data 
for a $1 400 000 loan and grant from the Public WwW orks for 


preliminary report was approved by ‘the Administration, but 
loan and grant were not accepted by the city. 


, Sie July, 1935, he was retained by the Pennsylvania | Coal and Coke Com- 
pany to testify in its case for reduced freight rates before the Interstate Com- 


ts From March, 1936, until the time of his death, he was vas employed by the 


Public Ww Vorks Administration and had just completed supervision of the 


“The Engi- 
 neer on Work,” 2 which was as a helpful hint to young» 
“engineers i in developing virgin coal fields; “ A Comparison of the | ‘Combined — 
and Separate Systems of Sewerage; ” * “ “The Drainage, Sewerage and Sewage — p 

Disposal of Emergency Housing Developments, ” read before the: American 
Society of Municipal Improvements at its ‘Convention in New w Orleans, La., 
= November, 1919; * and “ Pollution of Water Supplies by Coal Mine Drain- _ 


Municipal Engineering, October, 1898. = 
Proceedings, Am. Soc. of Municipal Improvements, 1919. pent 
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4 an ”5 In addition, he also made a number « of addresses before civic groups 
in Johnstown and Clarksburg, 


isa His hobby was writing, and he was the one 


d on ‘the 


As an engineer, extremely accurate, painstaking, 
a thoroughly dependable, possessing a . very” high conception of proper ethics in 
chosen profession. nd The tireless. energy with which he himself 


7 wie “ A man’s life, when weighed in God’s | balance, ce, is not measured by the 
— he possesses, nor by the number of years he is permitted to live. 


His 
span of life may be short, yet the use he makes of the years allotted to him is od 


Mr. William Monroe Davis, of St. Petersburg, Fla., a friead of 

“From heredity, environment, and training he received all the elements — 
_ of integrity, honor, and righteousness common to his Quaker ancestors. His 3 
Hife was full, complete, and well rounded out. ‘ Well done, good and faithful 


servant of mankind. Enter into thy everlasting reward. 
winks 


A _ In August, 1893, Mr. Collins was married to Leila Thoburn Coleman, of 
ohnstown, who died in J une, 1908. From this union three children survive 
Leon ‘Waterman Collins, Window Collins (Mrs. Carl 
and Helen Thoburn Collins. In August, 1910, ‘Mr. Collins was married to 
od essie Ellen Coleman, a niece of his first wife, « of Chicago. She and a 
- daughter, Shirley Elizabeth Collins, survive him, He i is also survived by one 


a sister, ‘Mrs. V William A. Woodward. 


was.a member of the Society fos Municipal Improvements 


(later, the American Public Works Association). se 
on, Collins was elected an Associate Member of tl the American Society of : 
Civil Engineers on June 4, 1902, a Member on January 18, 1916. 
ELBRIDGE ROBBINS CONANT, M. Am. Soc. C. E. 
Elbridge Robbins Conant was born at Acton, -Mass., 


on September 2%, 
1865. He was the son of Luther and J. Conant, both of 


‘ 
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es, “eg _ Chauncy Hall School, of Boston, Mass., where he prepared for the Massachu- — 
1Memoir prepared from information on file at the Headquarters of the Society. 
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at the Institute i in 1889, as a Special Student. civ 
: s _ His early work, after leaving the Institute, included a year with the New 
York and New England Railroad Company, as Instrumentman; a year with | 
“the City of Newton, Mass., on the construction of a sewerage system, part of 
the: time as Principal Inspector; and approximately a year with the civil engi- 
_ neering firm of Aspinwall and Lincoln, of Boston, on miscellaneous’ develop- 


a - Sav annah, Ga. He remained with the Department Ses twenty-one years. y 
‘Starting as Surveyor or Inspector, he was made a Junior Engineer in 1902, 
- Assistant Engineer in 1903, and from 1904 to 1912, he was Principal As- 
—- Engineer in full charge of the Sub-Engineer’s Offices, at Brunswick, 
 Ga., where he had immediate supervision of the Department's work for ports 
~ between Savannah and F ernandina, Fla., and on rivers entering the ocean 


between ports. In 1912, his headquarters were transferred 


=" of important dredging operations and jetty construction at various Bent and © i 
also included extensive hydrographic sur surv ys and a large ‘amount of general 4 
Planning of river and harbor improvement operations, = = | 
ee. Conant left the Government Service i in 1913 to become Chief Engineer id 
and Purchasing Officer for the City of Savannah. # During | the s six. years that 


a. of the erection of fortifications at Tybee Island and Fernandina. His work = 


val 


water- works system. He supervised million-dollar extension of the Citys 


sewerage system, a large amount of pavement construction, and the erection — 

of a “high temperature incinerator plant” for the disposal of the City’s 
a8 garbage. On ‘account of the large quantity of wet garbage, especially. in the 
7 melon season, this plant involved certain special problems, but these were suc- 
cessfully solved. ‘The operation of the plant attracted wide attention among 


After leaving the City’s service in 1919, ‘Mr. Conant was engaged for more 

than a year in general consulting work in and about Brunswick, Ga., spe- 

; cializing i in paving and road construction. In 1920 he returned to the North. 

‘For a year, from March, 1921, to March, 1922, he was Town Manager of Mans- om 
: ‘field, Mass., ‘and, later, for | a short time, (City Engineer) for the 

Department of Public Highways, i in N. H. He retired from ac- 

For several years Mr. Conant was a of the American Society for 
Municipal Improv ements and served as Vice- -President of that organization in ae 
_ 1917-1918 and as President in 1918-1919. He was also Chairman of that 

Society’s Committee on Street and Sidewalk Design. = rom 1924 to 1931, he 


. was a member of the Boston Society of Civil Engineers, and, at one time, a i 
un 
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n 1895 Mr. Conant was to Elfletah of Savannah, who 
‘ieee him as do two daughters, Mrs. Edmund Francis Leland, Jr., te 
Mrs . Raiph S. Robinson, each of hes several years 
Prion to his death, 


engineering 
4 tion to that reputation for reliability and integrity which is one of the chief 
assets: of the profession. His a activities brought him frequent notice in the 
local newspapers, and he received many expressions of commendation. — At all 
times he had in mind the factor of cost and d although receptive to new methods, 
he constantly aimed at efficiency and economy. pit wal 16, 
a In temperament, Mr. Conant was fortunate, possessing an even and atthe 


ie Mr. Conant was clected a Member of the American § Society of Civil br: “a 


on LINCOLN COOPER, M. Am. Soc. C. 


Hugh Lincoln Cooper was born in Sheldon, Houston 1 County, mail on 


28, 1865, the elder George Washington n and Nancy 
(Parshall) Cooper, grandson of ames Henry and Phoeba Lavinia (Bailey) 
Cooper, and great- -grandson of J ames Henry Cooper, who came from England 
and settled in Montgomery. County, Tlinois. His early” schooling was in 
Rushford, Minn., Grade and High Schools. At the age of seventeen, while 4 


4 working for a farmer, during a school vacation, he designed and built a timber 


highway bridge. for his employer, , Money Creek which flowed through 


- the farm. This bridge, with a span of 40 ft, and resting on stone piers, was 


This early interest in engineering construction developed a firm 
- determination to become an engineer. In order to gain the necessary prac- 
tical experience, Mr. Cooper had to leave home, after he was graduated from — -) 
an the Rushford High School in 1883, and seek employment in the field of his g 
chosen profession. _£ mployment of an engineering nature was not imme- 4 
diately available, however, and in order to ) support himself, he worked in an 
livery stable in Ez au Claire, Wis. .. which was operated as a part of a piano 7 
_— firm for the delivery of pianos and organs. ; He soon became a Salesman for 4 
the firm, and successfully followed that calling until March, 1884, when he — 
obtained employment with the Chicago, Milwaukee and St. Paul Railroad % 
_ Company, as an Axman and Rodman in an | engineering party assigned to 4 
bridge- -building project at Chippewa Falls, Wis. Mr. Cooper” s intuitive 
1 Memoir prepared by Ketcham, Esa., of Stamford, 
se a Tyler, Corps of Engrs., U. S. Army, M. Am. Soc. C. E. 
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OF HUGH LINCOLN COOPER 


its construction, 80 ‘that when the Contractor Soiled: ond the Resident 
i ‘Engineer was s unable to continue 2 the work because of illness, he was given 


— 


This accomplishment 1 made him decide in 
- in January, 1885, he entered the employ of the late Horace E. Horton, © 
Am. ‘Soe. C. E, Bridge Engineer, with ‘offices i in Rochester, Minn. After 
= intensive apprenticeship of several years Mr. Cooper was made Superin- 
~ tendent of erection of the High Bridge and the Wabash Street Bridge across — 
q the Mississippi River, in St. Paul, Minn. - Upon the completion | of this work b 
in 1889, he was transferred to Chicago, Ill, as Superintendent and Assistant — 
Chief Engineer of f Mr. Horton’s ‘Chicago Bridge and Iron Works, where he 
In 1891, he became the Seinen of a Branch Office of the San Francisco 
Bridge Company, i in Spokane, Wash., and built several railroad and highway 


‘bridges in that territory, among t them a steel cantilever bridge 500 ft Jong 


the Spokane Falls and Northern Railway Company. ai be > 
1894, ‘Mr. became interested in _hydro-el electric engineering— 


tages than He made an “examination for a small 
‘power development on the Missouri River, at ‘Canyon Ferry, Mont., for the 
“late John T. Fanning, M. Am. Soc. C. E., Consulting Engineer, located the 


site, and put in the foundations. By this time he had fully decided to devote 

his « entire energies to hydro-electric engineering, and, therefore, abandoned 
bridge- building career. ae Wit. To 

1896, with Stillwell, Bierce, Smith- Bailey Company, of Dayton, Ohio, which 

firm manufactured water-wheels and built small hydro-electric plants i in which 

— to instal] them. he He was told there was no work for him, but he explained ~ 

~ that he wanted to learn about water-wheels and would gladly work without 
ay. His perseverance won him recegninion: on these terms and he worked 

_ without compensation for several months. oe, E ventually, he was made As- 
7 - sistant Chief Engineer « of the Company and designed or built (or bo th) hydro- ‘4 
- electric plants at Ellenville, and | Dolgeville, ‘N.Y, , and on the Island of E>. 
In 1898, Mr. Cooper the of the late Fred Stark 
} Pearson, M. Am. Soe. C. E., in New York, N. Y., and built two granite dams > 
. ‘for the 20 000- “hp high-head hydro- electric station of the § Sao Paulo Tramway, 
; a and Power Company, Limited, on the Tieté River, i in Parnahiba, Brazil. 

_ He returned to the United States in 1901, and for a short time was 880- 

daa with the firm of Viele, Blackwell, and Buck, in New York City. He 

located, designed, and, later, built a “hydro- electric plant for the Wi innipeg 


: jo. Power Company on the Wi innipeg River, near Winnipeg, Man., 


j 
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In 1902 and 1903, as Chief Engineer of | the Mexican Light | and Power 5 
Company, of Montreal, Canada, he was engaged in the design and 
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location of a high- ead hydro electric plant in the mountains of Mexico, a 
Salto Grande, on the Necaxa and Tenanga Rivers, for the street railways co 
Simultaneously, he located, designed, and constructed the 100 000- ip 
plant for the Electrical Development Company of Ontario, Limited, a 
Niagara Falls, Ont., Canada, a above the Horseshoe Falls. design 
two daring and unique features—first, a wing dam extending into the Niagara — 

_ River a short distance above the Falls, where the water attained a velocity « of | 
more than 20 miles p per hr; - and, second, a tail-race tunnel discharging directly — By 
behind the waters of the Horseshoe Falls. Both these features seemed fan- 

-tastical and impossible of accomplishment, when 1 first proposed, but both wer 

7 successfully completed and the plant was put in operation in 1907. - 

a‘ _ In 1905, Mr. Cooper opened his own office for private practice, e, in New — 
York City. In 1906, 1907, and 1908, he designed and for the greater part 
built the hydro-electric plant for the Pennsylvania Water and Power Com- a 


way on the Susquehanna River, McCalls Ferry, Pa. = 4 


=> 


a In 1907, he Visited « Japan as a Consulting Engineer on the ‘Lathe’ Biwa 
project in that country. During this same ‘year, | he started the designing and 
financing of the low-head hydro-electric plant on the Mississippi River, at _ 


Keokuk, Towa, which was started in 1910 and completed in 191 1913. ot a 


In 1913, Mr. Cooper w was invited by the Egyptian. Government to 
survey of a proposed power plant, which would be a part of the Assuan Dam a 
on the River Nile, and the output of which was to be used in the manufacture 
of fertilizer. - Plans were - prepared and ‘accepted for a plant capable of gen- afi 
erating 200 000 hp, but the outbreak of the World W ar in 1914 caused the ss ; 
— In 1914, he again opened offices in New York | City, where he continued a te 
general consulting engineering practice. 4 
we When the United States entered the World W ar in April, 1917, — 
i. teered to serve, and, in May, was appointed a Major of Engineers. He was 7 
ordered to France where he arrived in July. During the preliminary stages | 
of the organization of the engineering activities of the Service of Supply of 
the American Expeditionary Forces, Major Cooper was engaged on the duty 
le making inv vestigations and plans for the development and use of base-port 
facilities and as Consultant to the Chief Engineer of the Expeditionary Forees 
on m many of the difficult _construction problems that had to be solved. 
: was promoted to the rank of Lieutenant-Colonel in October, 1917. On 
a recommendation of the Chief of Engineers of the Army, It. -Col. . Cooper was a ; 
: ordered back to the United States in March, 1918, to begin the construction — 
the navigation and hydro- electric ‘power development. ‘at Muscle ‘Shoals, 
aay, Ala, which was | intended to furnish energy to the War Department Atmos- 


_ pheric Nitrogen Fi ixation Plant then being built as a war measure for the 


‘Engineers. In May, 1918, at the of the General, A A.E. 
Colonel Cooper was relieved from duty at Muscle Shoals and again ‘corde 
to France where he served as Section Engineer of Base Section No. 2 at 
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> and other engineering works in that area. For this service he was awarded | 
a ‘a Meritorious Citation Certificate by the Commanding General of the Ameri- — 


can Expeditionary Forces for “ Exceptionally Meritorious and Conspicuous _ 
‘eg Services as Engineer Officer, Base Section No. 2, A. E. F.” By the French 


‘Government, he was awarded the Order of the University of Palms, grade of a 


After the war, Couger held a commission as Colonel, 


E Officers’ Reserve Corps, until he reached the age of 64 when he was transferred 


_t May, 1920, he entered i into an agreement with the Chief of Engineers, _ 
U.S. Army, who had been ordered to proceed with the construction of the de 
Wilson Dam, at Muscle Shoals, which provided that Hugh L. Cooper and 
Company would act as Consulting Engineers, in the design and construction _ 
of this project. - Under this co ntract, Colonel Cooper furnished the Chief of 
with general and detailed plans of the main dam, the power house, 
: its hydraulic and electrical machinery, and the lock system for navigation, 
together with complete specifications for all the work. He also 
the acceptability of all foundations, and inspected all permanent work through 
7 a Resident Engineer and a Corps of Inspectors, terminating his contract with 
co completion of the project in 1926. on 
Between November, 1919, and 1926, he made the following important 
. engineering studies and reports relating to the United States-International 2 7 
First. —A general investigation for the Frontier Corporation of the power 


and nav igation 1 potentialities of the St. Lawrence River, particularly in its 


international section, _ ‘ben jo suniiesl. 
i Second. —A comprehensive report to the Hydro-! Electric Commission of 


Ontario on the general design and cost of its Chippewa Generating Station. 
Third—A report, at the request of Herbert Hooves, Hon. M. Am. Soc. 


& & 


in the Nia ar Ri 


In 1926, Colonel Coope 


& & 


“design and the construction of this 800 000- hy projett which in- 
7 4 cluded a series of locks and required an expenditure of more than $100 000 000. 
This work Was carried through to a ‘most satisfactory a and conclu- 


® 


‘Soviet of Heavy Industry, Colonel Cooper was awarded 
Order of the Red Banner by the Government of the Soviet Republic, the 
“highest. civil honor that can be awarded to any non- -eitizen. 
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OF HUGH LINCO PER 
y In 1998, the e Eg gyptian Gov ernment appointed h him a member of an Inter- io 
national Commission of three « engineers to pass upon the feasibility of raising 4 
the Assuan Dam on the River Nile. The survey was made, plans and sec 
fications were prepared to raise the dam 30 ft, and the work was carried t 
successful completion, providing water for the cultivation of 700 a 
acres of land in the Nile Valley, |... 


_ Colonel Cooper’s last active work Was as a E Engineer for 


the Kenewhe River in West ‘Virginia. At the time of his death, he was 4 
working on plans for a huge development in Z-Canyon, on the Columbia River, — 
in ‘Washington, the electrical development « of the N ile at ; Assuan, which ae 
been recently revived, and a hydro-electrical development in Greece. 

- hs He had been a resident of Stamford, Conn., since 1901. He had been 
prominent in its civic, , and active in its religious, life; he attended the First. oe 

_ Congregational Church. He belonged to the Hubbard Heights Golf Club and 
Woodway Country Club, in Stamford; the New York Yacht Club and the — c 
Uptown Club, in New York City; The Congressional Country Club, in W ash- oe 

< ington, D. C.; Royal Societies Club, London, England; Engineers Club, of = 
‘St. Louis, Mo.§ of City, and the 


niversity of Missouri, at Mo. ; and Doctor of Engineering, 
Syracuse University, at Syracuse, N. Y.; also a degree as Minister of Public 
Instruction of the Republic of France, and the Beaux Arts. 
-He was a member of the American . Society of Mechanical Engineers, the 
‘American Institute of Mining | and Metallurgical Engineers, Ameri ican lh 


stitute of Consulting Engineers, the Society of American Military Engineers, 


also t the Institution of Civil } Raginties, and the Institution of Water Engi | 


_ Colonel Cooper was intensely interested in government and economics and 


wrote several monographs relating to these subjects from the engineer point 


had a striking and | unique personality. His intuitive technical knowl- 


‘lee and his broad engineering experience commanded the respect of all, but 
he was admired not only for his eminence in his chosen profession, but for 
what he was himself. — He was absolutely candid in all personal relations, 
frank and sincere in his judgments, outspoken in the expression of his o con- 
victions, and absolutely honest in everything that he did. He inspired men 
with his vigor r and enthusiasm and friendliness; every one loved him 
a considered it a privilege to be associated with him. He possessed a rare com- 
bination of good common sense and genial humor and radiated | cheerfulness _ : 
vitality in eyery circle in which he moved. friends were always glad q 
to be with him and enjoyed the impact of his vigorous and rugged personality. 


The twinkle i in his eye, chuckle in his voice, his lil 
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OF ERLE LONG COPE) 
‘ments on life, to all and inade him delightful 
ever be remembered as a gentleman of distinction, a 
a patriot whose love of country was - courageous | and s sincere, and an esglade 
_ He was married at Rochester, Minn., on October 12, 1892, to Frances B. b 
‘Graves: He is survived by his widow: and two ‘daughters, Mrs. Ralph H. 
‘Sheldon and Mrs. John R. Hardin, Jr., and a sister. A brother, Dexter 
Parshall Cooper, M. Am. Soe. C. E. » died on February 2, 1938. Portada 


mber of the American Society of = 


ai LONG COPE, M. Am. Soc... Et 


2 Eile Long Cope was born on March 25, 1883, at Meridian, Calif., the son 
Leroy Cope and Ida (Long) Cope His father was for years a 
3 much respected county official of Sutter County, California, where Erle’s . 
. boyhood | was spent. | He was graduated from the High School, at Marysville, q 
# Calif., in 1902. Four years ‘later he was graduated from the College | of Civil 
Engineering of the University of California, at Berkeley, Cali ale 
. i During his college vacations Mr. Cope readily found employmer ent with the 
County Surveyor of his. home county. Immediately after his graduation 
spent a short period with the Engineering Staff of the Southern Pacific Com- an 
pany, at Angeles, Calif., and then returned 1 to San F rancisco, Calif., 
2 where he was ; employed by the firm of Couchot and 0’ Shaughnessy, first in _ 
designing the structural features of buildings under the direction of the re 
- M.C. Couchot, M. Am. Soe. C. E., and, | thereafter, as Resident Engineer of 
the Dulzura | Conduit of the Southern California Mountain Water Company 
in San Diego County, California, under the immediate direction of the late 
‘M. M. O'Shaughnessy, M. Am. Soc. C. E. 


hows After the completion of this assignment Mr. ‘Cope did some important 
designing for the firm of Couchot and Thurston ‘Thurston, 
MM. Am. Soe. C. E. In April, 1909, he became an Assistant Engineer with — 

John Galen Howard, Architect, in which capacity he had opportunities to 


Sater, 
eaatcise great ability in solvi ing difficult problems of structural design. 


He also supervised the construction of some of the important buildings of 
University of California. Thereafter, he did some work on water- -power 


From September, 1912, until August, 1934, Mr. Cope maintained office 
in San Francisco, part of the time with associates and part of the time in — 
independent practice, specializing in Structural Engineering. During this 
period he carried on such varied work as the purchase of equipment, ma- 


* Memete prepared by Walter L. Huber, and Thomas H. Means, Am: Am. Boe. E. 
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for bridges and in the Dutch East Indies; 
the investigation of irrigation projects in California; the design of a number = 
_ of pump houses for the Banta-Carbona ‘Trrigation: District ; and the structural 
engineering of several buildings in San Francisco and neighborints cities, in- 
dading the Mills Tower, the Stock Exchange Building, the Apparel 
Building, and others. He also designed and superintended the 
of bridges and ‘concrete 1 viaducts i in Sutter County a nd many other smaller 
He was in charge of the Bureau of Building Inspection of the City of 
‘San Francisco. August, 1934, until his untimely death on March 19, 


Hew was a a prodigious worker. His direct and frank manner won for him many 
He is survived his widow, Mrs. Gladys W, Cope, mother, Mrs. 
«4 
He was a member (Director, 1982-33, and of the Struc. 
fan Engineers Association of Northern California. — He was also a member 
President (1983) of the Structural Engineers ‘Agsecietaant of California, 


and a member of the Engineers’ Club of San Francisco. 
‘neers on J anuary 1908; an Associate ‘Member on December 6, 1910; 
a Member on Movember 27, 1917. ‘He was, throughout his membership, active 


in the San Francisco Section, and, at various times, was a ‘member of 


"THURSTON CARL YLE CULYER, M. Am. ‘Soc. Cc. 


= fetenees and aan in other employment, he made no effort to spare himself. 


Mr. Cope was elected a J unior of the American Society of Civil Engi 


It is difficult to express in ¢ cold type the work and achievements of ora 
who is gone, and to put ‘the warmth of life ‘into the ‘memoir of a friend, 
making it alive to the associates who survive. writers, who were friends 
a of Mr. Culyer for more than fifty years, realize this, but they wish to pay . 


tribute of respect to the fine traits” of his character, to his high ‘sense of 
honor, and to the loyalty he showed to his work and to his friends. They 
_ know that he put into his work the best that was in 1 him and ae wish a 


devotion to it was better known. 


Thurston Culyer was born in 


‘His paternal ‘ancestry extended back . Thom 


Elizabeth of Norfolk, England. John Culyer, the grandson of 
, came to the United States about 1829 and settled in ee 


1 Memoir prepared by Edward S. Larned, Esq., Boston, Mass., and Robert Ridgway, 


4 
> 
Px. 
— 
— 
— 
| 
| 
| 
= 
ii 
| 
— 
— 


ther of Thurston Carlyle Culyer 

¥ ee a ye i “Architect and Engineer r who served as an Assistant Ps, 

_ Engineer on the construction of Central Park, New York City, until the 

Civil War. He then became Assistant Secretary of the United States Sani- 

tary ‘Commission, a and, later, joined the Engineering Branch of the Federal = 

- Military Forces and served in the defenses south of the Potomac River under be % 

late Major-General John Gross Barnard, U.S. A, Hon. M, Am. Soe. E. 

| After the war, John Y. Culyer 1 was again ‘employed as an Engineer i in Central - 

‘ Park until 1872 when he became an Assistant Engineer, and, later, Chief Ps ee 
st Engineer and Superintendent, of Prospect Park, in Brooklyn, N. Y., and other aed 
parks in that city, remaining in this service ‘until 1886. Pk Talat he a 

ie was engaged in general and consulting practice as a Landscape Architect and ne Pe. 
Engineer, in which field he gained a wide and enviable reputation. For 
atone -five years John Y. Culyer pn sa as a member of the Board of Scot 

tion of Brooklyn, and was active in the New York State National Guard, : 

o attaining the rank of Lieutenant Colonel. His son—Thurston—inherited sp 

love of trees and of nature generally. ‘ 

Carlyle | Culyer obtained his preliminary ‘education in 

_ Friends Seminary, in Brooklyn, and then spent four years (1878 to 1882) cae 

he Brooklyn Collegiate and Polytechnic | Institute, later, the | Polytechnic 

stitute of Brooklyn. Between September, 1882, and J anuary, 1883, he dig 

the Drainage Construetion Company, of Boston, Mass., on the balding 


Chainman in the service of the of Weeks of New York 

- City, under the late George W. Birdsall, Chief Engineer, and worked in the a f 

| Croton water-shed on surveys f for the new Croton Aqueduct and the Muscoot __ 
Later, Mr. Culyer was promoted, successively, to the positions of 

_ Rodman, Leveler, and Transitman with increasing responsibilities, and ie 

es September 20, 1892, to the position of Assistant Engineer in charge of all 

~ work for the Department i in the Croton water-shed in Westchester and — 


When, in 1898, the several outlying Boroughs were consolidated into the 
Greater City of New York, the City departments ¥ were re- re-organized a and the 
functions of the Department of Public Works were merged with those of 
z the new Department of Water Supply, Gas, and Electricity, Mr. Culyer con- 
y, - tinued with the new Department’s Bureau of Water Supply, his work includ- 
_ ing the design and construction of sanitary structures for the protection of © a 
é the water supply. From March, 1910, until his retirement, he was in charge oO a 
of all the reservoirs and aqueducts of the Croton and Drone River Systems, ae 
ost the reservoirs within the City limits—such as Jerome Park, High > a 
: Bridge, and Central Park. In 1914, there was added to his duties for a time nie o* 
the operation und of that part of the new ‘Catskill Aqueduct : 
4 _ which extended ais the Hudson River crossing at Storm - King to the 
his feel that Mr. 3 most important 
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OF THURSTON CARLYLE OULYER 


the consequent road Ja opinion n had great weight 
in deciding the authorities to acquire about 3000 acres for the sanitary pro- . 
tection of the streams and for the actual removal of the then existing poe 
sources of pollution. ‘He was also instrumental in abating many minor 
sources of pollution existing elsewhere i in the water-shed. : 
In 1893, he constructed a plant for the disposal of sewage of a part of — £4 
_ Village of Brewster, N. Y., which was unique in that it provided for the eo 
sterilization of sewage by el electrically dissociating common salt as source 
chlorine. His interest in sterilization continued, and shortly after the 
_ experiments made by the late George A. Johnson, M. Am. Soe. C. _E., at the oo 


kva: 


(Ill.) stockyards, Mr. Culyer began the sterilization, with bleach 
‘pow der, of the flow of the new Croton Aqueduct—probably the first large city ae 
in the Us United States to furnish this safeguard. Later, on the line of o 


aqueduct: at Dunwoodie, he built a sterilization plant designed to use 
- this material accurately and, later, as knowledge of liquid chiotine became — < 
available, converted the Dunwoodie plant to its use. ‘was also r responsible 
- for the setting out of the large plantings of evergreen trees on the marginal — 
lands about the reservoirs in the Croton water- shed, that does so much - 


enhance their beauty and attractiveness. “His ‘taste for such work was 


hi 
Pear hy He knew « every ‘phase of the work under his charge, and loved it ay * 
and the beautiful country in which it was 


On. January 1, 1919, Mr. Culyer was ‘retired froin of the City 
whieh he had serv ed so faithfully and well for thirty-five years—nearly all a 


his working life. One of | his associates in the Department writes: j 
Rom His love for the trees, the flowers and streams —_" him one of those { 
| ‘hehe life work on the watershed was more a pleasure than a task, and in his Bie 
contact with the countryside he was more the squire than the stern repre- 
ia. sentative of the big city whose water supply he so carefully guarded. In his | Ey 
retirement, New York City lost a loyal and competent engineer who devoted 


himself to her interests to the exclusion of all others” 


After: his ‘retirement, he became identified with the real estate firm of 
Pease and Elliman, of New York, as a Real Estate Appraiser, and served ~ 
this firm until a short time before his death. For a number of years he. was » 
- afflicted with a serious heart trouble which was a source of constant concern mt 
to his friends and his devoted wife. He died of a sudden attack on on t the > night 
Mr. Culyer was respected by, and possessed the sincere “affection of, 
who were privileged to know and be associated with him. That he was not 5. 
better: known to the Engineering Profession and to the community was due 
to his modesty and | a disinclination to put himself forward. hed a high 
sense of honor an 
_ He had vision and a good sense of humor. ‘He possessed a rare ability 
¢ “for sketching. _ He was a Charter Member of the Municipal Engineers of the i 


City of New York, ‘and a member of the American Water Works Association. 
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MEMOIR WILLIAM HERBERT CUSHMAN 


ay 


Prescott Mount Kisco, N. Y., survives him 
Mr. Culyer was elected a Member of the of Civil 
on June 4, 1913. dtiw eilate ine dtow blot Me To 


HERBERT CUSHMAN, M. Am. Soe. C. 


4 
_ Members of the Society and his many « other friends | were greatly shocked 

-" the accidental death, i in an automobile accident, of William Herbert Cu: 
man, Engineer of the Works Progress Administration, which occurred neat i. 


Watertown, N. Y., on October 10, 1 1937. 
het William Herbert Cushman was born at Duxbury, Mass.; on March 27, 

- 1869, a son of Alden and Jane (Hatch) Cushman. | Hex was a descendant of 3 
“Tier © Cushman, one of the founders of Plymouth Colony, in Massachusetts. 
After: High School, he attended a ‘private academy, and, from 1887 to — 

- 3999, worked with E. W. Bowditch, a Civil Engineer, of Boston, Mass., _. 


Me Cosme surveys, sewer surveys, estimates, and construction. In 1892, 


Mr Cushman w ‘as engaged by the Town of Lancaster, N. to supervise 
: the construction of a water supply system; in 1893, he had charge of a water 
_ supply system at Sistersville, ' W. Va.; and from J anuary to September, 1894, — 
was associated with Hoge and White, City Engineers of Wheeling, W. Va. 
_ From February, 1895, to September, 1896, he was District Superintendent, 
Street Cleaning Depat of New York, under Col. 
Waring, Jr. or 
leading up construction of the Barren Island Plant. 
five years, 1897 to 1902, Mr. Cushman was Resident Engineer in 
charge « of construction of the 52000-hp hydro-electric project on the St. 
_ Lawrence River, at Massena, N. Y., which was built by the St. Lawrence 
Power Company. The late John Bogart, Am. Soc. C. E., was Engineer-i 
_ Chief, and Kincaid, Waller, and Manville, of London, England, were Asso- 
45 ciated Engineers on this project. _ The plant is now owned by the Aluminum 
May, 1902, the principal week’ the Massena develop- 
= having been completed, Mr. Cushman continued his association wit 


Ba a c hydro-electric development o on the Chattahoochee River at Morgan Falls, about 


© twenty miles north of Atlanta, Ga., on which Colonel Bogart was then Con- 

; sultant. Mr Cushman prepared the design and in August went to Morgan 
Falls and started the « construction, remaining on the site until all but minor i 

: details were completed. This job was especially appealing to his energetic ~@ 

i nature as ‘the urgent desire to place the plant i in operation permitted an 
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OF WILLIAM HERBERT CUSHMAN 
From August, “1904, to August, 1905, was Resident the 
_ Oswego Division of the New York State Barge Canal. As such, he hed ce 
charge of all field | work and studies connected with the contracts for two locks 7. 
and the canal through the City of Fulton, N. Y., and had completed much of — % x 
_ the field and design work for the remainder of the canal, along the ome ne 
From August, 1905, to January, 1907, Mr. Cushman was Chief 
a hydro-electric de velopment on the J uniata River, near Huntingdon, Pa, 
for the J uniata Hydro- Electric Company. ‘This p project had a 6 000-hp hydro- 
electric plant and a8 000- ‘hp steam auxiliary which furnished 


In 1908, Cushman was Resident represeating Sellers and 


Rippey, Consulting Engineers, of ‘Philadelphia, Pa., on a hydro- electric 

velopment . on the Estacada River, about 25 miles southeast of Portland, Ore., 

for the Portland Railway, Light, and Power Company. Great a 

thea leaks, due to a porous foundation, were | encountered on this work.? ie 

rom 1910 to 1913, in private practice as” Consulting 
= Engineer, making investigations, reports, and giving expert testimony a 
‘Bydraatic power work. In 1913, he served as Engineer and ‘Superintendent 
a, for James Stewart and Company, on the « onstruction of the ‘Barge’ Canal, 
at Scotia, N. Y., involving caisson work, and, in 1914 and 1915, he designed 
Se. and built a hydraulic power plant on the Genesee River, at Mt. Morris, N. Y.. 


As head of the Hydraulic Construction ‘Company, | Mr. Cushman built 4 


dam and reservoir for the City of ohnstown, N. at Rockwood, NY 
During ‘the: World War, this Company built a ‘steam- electric plant for the 
New York Air-Brake Company, at Watertown, which Company was engaged 
in making munitions for the Federal Government. Several other buildings 

and ‘structures were built | by the Hydraulic Construction ‘Company, during 
Be. From 1917, for a considerable period, Mr. Cushman was also associated — : 
ms the firm of Jones and Hazel, at W Vatertown, in the investigation and 
appraisal of water-power pr ojects and, in this connection, he appraised more 


than 150 He was also during 


_ In 10, Mr. Cushman opened an office as a Consulting Engineer, 4q 
atertown. e designed and supervised the construction 7500-hp 
é hydro- diate development for the St. Regis Paper Company, : at Black River, 
Am. Soc. C. B., Vol. LXXVIII (1915), p. 
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—" from 1921 to 1924, was Consultant for the City of Watertown Pa 
development of a 7500-hp hydro-electric plant for that city. bow, 
sec: In 1926 and 1927, he designed and supervised the construction of a 2200- | a 
hp! hydro-electric development : for the Newton Falls Paper Company, at New- 


all 


the Temporary ‘Emergency Relief Administration was organized 
1984, Mr. Cushman was named Project Engineer and, later, County Engineer, 
under the Works Progress Administration, at Watertown. with 
a _ He was essentially a positive individual. He was a dynamo of “energy, — ma 
always active. He always used direct methods of approach which might a 
toeeny been construed as lacking i in tact. On account of his sincere directness bs e 
and abhorrence of evasion or equivocation, he knew no other way. He some- 
a was impatient t over restraint. » especially when he he thought that it might 
properly have been avoided. He was as stalwart in character and physique 
as Plymouth Rock in the shadow of which he was reared. __ ei idl ie 
As an engineer, Mr. ‘Cushman was particularly gifted with common sense—_ 
oT only i in directing - men, , but in » handling the forces of Nature as as found in 
_ his chosen field of damming and controlling rivers, ss 


- was a loyal friend, but he never allowed friendship to interfere with 
A 


the administering of discipline if needed or in the best interest of any work | & 
under his charge. Many have said « of hk him, “No man could deny his word, 7. 
eo On April 19, 1891, he was married to Ida M. W inivnlies nl there w were 
two children, Eugene A. Cushman, who died in Texas, and snared E. (Cush- 
man) Littlewood, who, with Mrs. Cushman, survives him. 
_ He was a member of the New York State | Society of Professional Engi- 
neers, and of the Benevolent and Protective Order of Elks. $= 
Yee _ Mr. Cushman was elected a Member of the American Society of Civil 
Engineers on January 8, 1906, Apads si 
DIGNUM, M. Am, Soe. C. E.t 


® ocelyn Dignum, who was born on June 26, 1878, in Falmouth, 5 ee 
Tamaica, British West Indies, was one of the ‘pioneer engineers who 
their lives in the early days. of construction Panama Canal when 
American engineers began to change the Isthmus from a pest hole of disease 
to a place of comfortable homes and modern methods of living. 
His birthplace, the seaport of Falmouth in the Parish of Trelawny, was” 


one had the oldest sugar- ‘producing areas in the West Indies. ‘His father, 


the 
had 
ocks 
h of 
4 
ineer 
rdro- 
vil a 
Jom- 
mall 
near 
and 
Ore., 
— 
— 
— 
ag 5 
ident 
anal, 
igned 
— 
lilt a 
uring 
iated — 
— 
ports — 
ining 4 
— 
O0-bp — 
River, a sportsman, and the owner of a fine racing stable. It is not strange, therefore, a i ae 


MEMOIR OF 1 HARRY JOCELYN DIGNUM 


that Harry J was for his love of fishing, shooting, 
riding, and polo, as well as for his strength of character, engineering ability, i 


the Jamaican Government Railroad Company, building concrete tunnels, + 
__ keeping costs, etc. _ After two years in this work he left the Island of Jamaica e 
_ for Ecuador to take a position as Junior Engineer on the Guayaquil to Quito 
| Railroad. After having risen to be Engineer in Charge of Camp and Con- _ 
struction on this railroad, Mr. Dignum returned to Jamaica with blackwater — 
- fever. Three of his senior engineers and sixty of the one hundred an ge 
“Iaborers had succumbed to the ravages of malarial and yellow fevers. mi 4 
_ "1 _ The following year, fully recovered from his illness, he returned to the ot 
"service of the Jamaican Government Railroad Company as Engineer in Charge __ 
_ of Terminal Buildings and Construction. . In 1905, he again left Jamaica, this 
time to work for the Isthmian Canal Commission as Instrumentman and 
_ Transitman, and, later, as Engineer in charge of surveys and sewer mrennennETE 
_ tion, dams, and water supplies. He returned to the J amaican Government 


Railroad Company in 1908 as Superintendent of ‘Construction and 


¥ 


1909, Mr. Dignum was appointed the as 

Messrs. Nicholson and Corlette in charge of ‘construction of 

_ The following year, 1910, he again left Jamaica to go to Cuba where he 

employed as of Construction and Engineer of Surveys for 

Water Supplies by the United Fruit Company, in Preston. From 1914 to 

1915 he was Resident Engineer o of the Cuba Railroad Company and d the 

bt ‘Guantanamo Sugar Company on railroad location and construction. 
be Back with the United Fruit Company in 1916, he spent two years in Tela, : 

” - Spanish Honduras, as as Engineer i in 1 charge of bridge construction and Superin- 2 

tendent of general construction. Still with the United Fruit Company, he 

- was transferred to Jamaica to take charge of topographical surveys. For the 

four years between 1918 and 1922 Mr. Dignum was General Superintendent 

of the Baragua Sugar Company in charge of railroad surveys and construction, 

- general construction, and the design and construction of wharves and lighters. A ; 

‘He also charted and supervised the dredging of ship channels, and was ae 

charge of the transportation of sugar and cane. 
From 1933 to 1935, Mr. . Dignum ‘was employed by the National City Bank — 

of New York, N. Y., and the Royal Bank of Canada, as Assistant Manager “ 

in the ‘readjustment and operation of their sugar mills in Cuba. In 

he was attached to the British Legation in Havana, Cuba, as Inspector of = 

a Immigration for the Jamaican Government. 
He as Assistant cage of the Cayo Mambi Sugar Mill for 


“pression pier many sugar companies into bankruptcy, Mr. Dignum returned 
to Jamaica where he was employed as Surveyor in the Surveyor General's” > 


Office, i in Kingston, until illness forced his retirement in 1936. _ a 
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MEMOIR OF EOKERSLEY 


jo Years eemetenn tropical fevers, and self-sacrificing work finally ihe 
down an iron constitution, and deprived bie of his cherished dream—a modern 
1 sugar mil} on the River Martha Brae in his beloved Trelawny. On December — ; 
(8, 1936, at the age of 58, a Master Mason, with thirty-eight years of ex- — 
7 perience in every line of civil engineering and at the peak of his capabilities, — 
F he died at his home in the suburb of Kingston, Jamaica. He is survived by — 
his widow, Helen A. Dignum, two sons, aero _ and Harry, and one 
_ Mr. Dignum was elected an Aéiediate: Member of the American Society of 7 


 Qivil Engineers on April 2, 1913, and a Member on | April: 4, 1922. obser i 


| JOSEPH OSCAR ECKERSLEY, M. Am. E. 
Oscar was born on September 12, 1873, ; in New York, 
_ N.Y. He received his preliminary education in the New York public schools, i: 
- attended Columbia University from 1895 to 1897, and was graduated in | 1899 — 
_ from Cooper Union Institute, with the degree of Bachelor of Science. He 4 
r. continued his studies there for two years (1906-1908), and also acted as Night 
ES School Instructor in Mechanical and Structural Drawing and Machine Design, | 


receiving his Civil | Engineering degree in 1908. 


engineering ¢ experience. He had been from 1894 to 1895 2 as Rodman 


Vernon, N. Y. as Transitman with J. A. Doolittle, Landscape in 
_ charge of the design and layout of a masonry wall at Woodlawn Cemetery, “4 
2 New York City, from 1897 to 1899; as Engineer with Terry and Tench Con- a ! 

struction Company, New York City, checking erection sheets for the Boston 

(Mass.) Elevated Railroad, the New York Rapid Transit Subway, a ten-story _ 
bb steel-frame building, and designing derricks, falseworks, etc., for the erection a 
. of structures. In 1900 he served in the Topographical Bureau in the Borough 

of The Bronx, New York City. .O 
After qualifying in a civil service examination as a bridge draftsman, . 


Mr. Eckersley was appointed in 1901, by the Department of Bridges (later, 


= 


: the Department of Plant and Structures), for the City of New York; and, fi 


g in 1902, he became Assistant Engineer. The next year he served as Assistant 

ke Engineer on design and details of Blackwell’s Island Cantilever (later, the 7 

— Queensborough) Bridge, and on calculations and design for an eye-bar top 
chord in place of the existing cable for the Manhattan Bridge—both over Wis : 


Ry 1Memoir prepared by W. R. Bascome, M. Am. Soc. C. E., and Theodore Belzner, Affil 
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fj Mr. Eckersley. was Resident. Bnginesr-in- Charge the construction of 
~ the University Heights Bridge over the Harlem River, including ¢ caisson and 
_-eoffer-dam work, sewers, dock work, etc., the cost of which amounted to | 


4 $9000 000. ' This bridge was as completed in 1908. 


the design. and check for different: types of leads 
4 Blackwell’s Island Bridge, and adjustments of the structure prepared by the 
late William H. Burr, Hon. M. Am. Soe. 0. E , and the late Alfred P. a 


— 


4 for the Hendrick Hudson Memorial Bridge over the Harlem Ship Canal. _ 
» anuary, 1916, Mr. Eckersley was appointed Engineer-i in-Charge 
_ the Division of Design, and superv rised the design of the Eastchester Bridge, ie 
i over Eastchester Creek, in The Bronx, a double-leaf bascule bridge with a — 
7 span of 127 ft 8 in., and the Beach Channel : and North Channel Bridges, on tS 
the line of Cross Bay Boulevard, Jamaica Bay, Queens. _ ‘The latter are double- 
leaf bascule bridges with a span of 123 ft. He was also in charge of the a 
design for the Unionport Bridge, over Westchester Creek, in The Bronx, a 
af double-leaf bascule with a ‘span of 75 ft, and the Roosevelt Avenue Bridge, 
over the Flushing River—one of the largest lift bridges in the United States— 
; which - is a double- leaf bascule bridge with a span of 212 ft. » The Roosevelt 4 
Avenue Bridge has one roadway and two footwalks on the lower deck, and : 
three tracks for rapid transit railway trains on the upper deck, = 
A Mr. Eckersley was also in charge of the Division of Design when plans 
_ and specifications were prepared for ten housing stations or garages in the 
various Boroughs, for the Department of Sanitation, New York City, two ‘ 
destructor plants incinerators, and the Central Motor Repair Shop, in 
New York Citys of sedis 
From August, 1924, to January, ‘1927, he was associated with the Depart- cS 
ment of Public Markets, in New York City, as s Chief Engineer of the design, 
‘Saame of plans, specifications, and construction of The Bronx Terminal = 2 


: 


“gal He is survived by his widow, Mrs. Mary “(Connolly), Ecketeley; pas a son, 


Bs As a specialist i in bridge engineering, his most important accomplishments 4 
were in the designs and calculations for the great East River Bridges. ta ae 
— Deigiiey Eckersley was a lover of music and frequently attended the opera. a 
ts He had many friends, and all who knew him were proud of this acquaintance a 
He was & member of the American Mathematical Society, and the Masonie 
ae An intimate view of his character and outstanding qualities as an engineer — 


4 
briefly in the following tribute by the members of Mr. 
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MEMOR OF ALFRED DOUGLAS FLINN ae 


Mr. affectionately known as ‘J. O. deep 
trating thinker. He read mathematics in many languages. pot 

1 @Sa2 professional man he was active in the interchange of eae 
information and opinion and in the maintenance of his professional _ 


_“ As a man, he was wise, honest and | conscientious, considerate of the in- 


s 


is — terests and opinions of his fellow men, a devoted husband and father. —__ 
ope He was a man of sterling character. His exceptional ability, and judg- a 
a ‘ment, and spirit of fairness in dealing with those with whom he came in close _ 
contact, won their admiration and respect. Although mild in manner, he an 
R firm in his decisions and insistent in carrying out work according to the best © 
practice. — His clear-sighted analysis of conditions enabled him to arrive 
“ee quickly at the proper solution of a problem and to point out the fault or erro . 
&My, Eckersley was possessed of a keen scientific mind, and a thorough 
= Imowledge of mathematics and mechanics, he was always interested in de- — 
veloping a theoretical perfect structure. 
“Fis untimely demise has removed an Engineer who was devoted to his — 
i "profession and whose genial n nature has won him a host of friends, both pro- 
professional work was marked by a high of integrity. His 
_ death is deeply deplored by all his associates by whom he was held in the si 
Highest esteem and who hold his memory in affectionate regard.” = © 


- A tribute to Mr. Eckersley was ‘made by Leon S. Moisseiff, M. Am. Soc 


tease 
have known Mr. Eckersley from the time he into the 


a ‘He worked in my division a long time and I had a great liking for him ands 
considered him one of my friends 
q _ &* * * he was much interested in mathematics and had acquired a large 
library in that line especially in its more abstract branches. He was a pro- vr 
4 found student of mathematics and also showed much interest in 
related as these subjects are. He was a thorough engineer. Dsnhary Tate. >| 
er © As a man he was very loyal and dependable. — He had a high sense of a 
and always endeavored to follow his views in life j= j 
7 _ “He was one of the few men who leave in the minds of the people asso- | 
ciated with him an indelible impression of personality and character. His 


B. Steinman, M. Am. Soc. 0. E., writes: onl bara, 
P — «&T have always held Mr. Eckersley in the very highest regard for his 
ee Eckersley was elected a Member of the American Society of Civil 2 
ow ott ALFRED DOUGLAS FLINN, M. Am. Soc. C. Et 
eth yo death on March 14, 1937, of Alfred D. Flinn, Director, Engineering — 


j z Foundation, brought to an end a career of exceptional engineering accomplish- 


1 Memoir prepared by Clinton L. Bogert, J. Vipond Davies, and Otis BE. 
ers, Am. Soc. C. E. 
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— OF ALFRED DOUGLAS FLINN 
ment encompassing in the first } half of his life water xr supply y development nent and 
technical journalism in the latter half administration of the properties 
and the research activities of the four National Engineering Societies, { 


, Alfred Douglas Flinn w was s the ¢ eldest child of Matthew Bonner and Pe i q 


, 1869, in the ‘oldp pre- -Revolutionary homestead. His father was a 
* a physician. He came of Trish- Scottish Presbyterian stock on his father’s side, PY 
; and among his ancestors on his mother’ 8 side were the early” settlers of Con- 
necticut. He was the eldest of six children of a busy country doctor who was a 
often away from home over the country side on sick calls; during dice ° 
-sences, as recalled by his brother, Professor Frederick B. Flinn, Alfred D. 
#F linn “ “was a great comfort to his mother” and helped her to take care of the ee 
younger children. This willingness to lighten the responsibilities of others 
one of Dr. Flinn’ s outstanding traits. te? 
_ Another outstanding trait was his seriousness of mind, colored, however, 
with a prompt appreciation of humor. Fe only read the more serious books, a ; 
very rarely if ever attended the theatre. was reading Shakespeare 


assiduously hefore he was eleven years old. ‘At about this time i in his boy- " 
hood, his next younger brother, to whom he was very much attached, died 
from: injuries inflicted by another boy. After the brother’s death, Alfred a as- 
sumed a very serious and grown-up attitude toward life. His brother believes s 
that this incident had a great deal to do with this attitude, and his lack of — ) 
appreciation of the frivolities. of life. guiding ‘motive was to 
Flinn started in Ree dsville, Pa, but was ‘graduated 
from the Providence, R. I., High School, whither his family had later moved. — 
-4 After graduating from High School, he went for a short period with » 
4 “Boston and Albany Railroad Company in the Clerical Department, 
later to employment in the largest hardware company in Worcester, Mass. 
He remained in ‘this work until 1889 when | at twenty years of age, he was 
offered a junior partnership i in the , Company. - This brought him to a crisis sin ' 
his life, and he made the important choice of career. He rejected a future 
career in the hardware business, for one in engineering. 
_ He entered the Worcester Polytechnic Institute in the fall of “1889 ot 
’ was graduated i in 1893, with the degree of Bachelor of Science, i in Civil na 
“neering, at which time he ‘received the Salisbury Prize for high quality of 
work. His graduating thesis, “ The Cippoletti Weir,” was based 
on large- scale experiments at the Holyoke Testing Flume. It was published? 
asa paper by the Society in 1894, and has been helpful in ‘pactnoting the use 4 
4 of this means for measuring irrigation water in the United States. — - ied 


‘ ‘After starting to work in Boston, Mass. , Mr. Flinn took post- 


mee 


jects, and’ in science > and notes which he at this 
be 


Am. Soc. C. E., Vol. XXXII (1804), p. 9 
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employment ‘engineering work with the City 
Upon graduation from college, Mr. Flinn’ 3 first employment was with on 
firm of Rice and Evans, Civil Engineers, of Boston, of which the late George _ 
8. Rice, M. Am. Soe. ©. E., of New York Subway fame, was head. With this 
firm he worked for several months on early studies for rapid transit in Boston, 

mbracing the s 80- -ealled Route 3 he was engaged on for 
period from the fall ‘of 1698 tot the of 
—was devoted mostly to specialization in water supply engineering, ° with the | 
exception m of a Q-yr interlude for editorial work. iG 9 a 
_ During the winter and spring of 1893-94, Mr. Flinn was with the tds 


work on ‘eprinklers: and the flow of water in pipes; and on surveys 
_ fire prevention. He then went to the Boston City Engineer’s Office, in the 
W terw Division, on work o on a all forms" of fire- ‘fighting 


the flow of water in ‘taee pipes. He also made studies for the design of 
a -iron pipes, special castings, and valves, and routine surveys for field work © : 
the construction of pipe lines, reservoirs, and pumping stations. levis vin 
the formation of the Massachusetts Metropolitan Water Works in 
1895, Mr. Flinn became Section Engineer on surveys, construction, and 
= within the Metropolitan Area, under the late Frederic P. Stearns, — 
- Past-President Am. Soc. ©. E., as Chief Engineer. Later, he became Prin- -. 


“cr Engineer in charge of of the preparation of designs and i 


tracts, the writing of reports, and various investigations, including experi- 
mental studies of dams, and the effects of ice on dams and other structures. Si 
‘These works 3 comprised the Wachusett and Sudbury Systems of additional 
; + supply for more than twenty communities, and included large dams, reservoirs, 
 aqueducts, pipe lines, stand-pipes, and pumping stations. The most — 
structures were the Wachusett Dam and Aqueduct, the Weston Aqueduct, the — 
Sudbury ‘Aqueduct, and the Chestnut Hill Pumping Station. 
heed! October, 1902, Mr. Flinn moved from Boston to New York City, in 
the vicinity of which (and chiefly in Westchester County), he made his 
future home. From October, 1902 to August, 1904, he was Managing Editor 
of Engineering Record, giving special attention to water supply and municipal 
For the next year (to August, 1905) he was with the Croton Aqueduct 4 
Commissioners as General which was a. meaningless civil service 
Under the late J. Waldo 
Smith, Hon. M. Am. Soc. C. E., as Chief Sadie, Mr. Flinn was engaged on 
the designs, specifications, and contracts for the completion of ‘the New Croton 
Dam and Reservoir, the -Muscoot Dam and Reservoir, the one basin of 
Jerome Park Reservoir, and the Jerome Park Pumping Station. 
_ He was also in charge of studies of rainfall and stream flow of the Croton pb. 


_ water-shed and ¢ of possible | reservoir sites, to the end of providing quickly 
“additional 
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water ‘to meet the e City’s ‘neods until a new source could be de- 
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- veloped. ‘i This work included the preparation of designs, contracts, and 

- estimates of cost for the Cross River and the Croton Falls Dams and Reser- 


to coche Chief of the Board of Water Supply. of New York 
City, he showed his appreciation of Mr. Flinn’s peculiar talents for organiza- Rs 
tion by taking him with him, and | making him in 13 yr, successively, Diyi- ey 
— sion Engineer (8 months) ; Department Engineer | of the all-important Head- na 

quarters Department (9 yr); and Deputy Chief Engineer for 3h yr. During 
this time, on Mr. ‘Smith’s absence from the City, Mr. Flinn acted as Chief 
Engineer. — The work of the Board during the years of Mr. Flinn’s connection ie 
with it cov ened construction totaling $140 000 000, and included the building 

of the Catskill Aqueduct, 90 miles long, the Ashokan and Kensico Dams, and 

> L two minor dams and four reservoirs, and studies for the Schoharie diversion, — 
RA - During this period, the combined forces of the Board and all contractors en- i 
on the Catskill Aqueduct reached a peak of 25 000. id 


Mr. Flinn’s first responsibility was to recruit the Engineering Force of 


val hundred men under civil service restrictions and delays; he personally 
recor a large proportion of the engineers after they had Passed te 

“i civil ‘service t tests. As ‘Department Engineer, he ‘was instrumental in out- 

i lining surveys and field studies; he was responsible for the designs for prac- 

= all structures and for the of contracts, and 

clita ‘architects and co- -operation with them; for co-operation with general 

special consulting engineers, geologists, landscape engineers, ‘sanitation 

specialists, and, during the World War, with wilitary organizations 

guarding the water-w« -works ; for the establishment ar and management of a special 
laboratory for research and the testing of materials, and for co- operation — 
with other organizations in special researches and tests relating to steels, 

brasses, ¢ cements, and other supplies; for the preliminary studies, experimental “ie iz. 
tests, and final design of the aerators for the entire flow in the Catskill ee | 
ave for water-softening plants, filtration plants, small ‘sewage disposal 

works; and, lastly, for City Tunnel No. 1 and the connecting pipe lines. 

= Mr. Flinn was called on to recommend to Mr. Smith, and to the late John 
‘Freeman Past-President, and Hon. M. Am. Soe. C. E. P. . Stearns, Past- 

a President, Am. Soe. C. E., and W. H. Burr, M. Am. Cc. E., his s superiors, 
important changes in the materials of water-works construction. — Until 1905, 
‘metropolitan water systems had used massive masonry ‘constructions, grade 

tunnels (the exception being the pressure tunnel of the New Croton : 


= 


a resul 


greater extent had used heretofore in New York; coneret 
—— Tining for all tunnels; aqueducts of concrete without brick lining; steel pipe 


siphons with concrete linings and jackets; reinforced concrete siphons; Te- is 
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and landscaping and sodding for the tunnel spoil banks. It was due largely _ 
to his sense of fitness that Kensico Dam received such notable architectural 
- treatment, ‘and that the grounds below the dam were so strikingly lands caped. 
Mr. Flinn undertook special investigations of the causes of defects in 
concretes in several locations and of “ season cracking” of brasses ; supervised 
the studies of an 1 improved flexible joint for large submerged pipe lines; of e 
_ special devices for closing the access and unwatering shafts of the pressure 
p tunnels, including a novel scheme for unwatering; of grouting of rock tun- = 
nels; of unusual methods of core 2 drilling for exploration purposes; ; of methods yy 
_ of construction and materials for large earth dams; and of drainage galleries _ 
war His duties included also a wide variety of activities and 
a contacts with public officials. He delivered the illustrated address descrip- ‘a 
tive of the Catskill Aqueduct, “the reservoirs, and structures, as part ‘of the 
ceremonies by. ‘the New York City Government at its celebration of a 
a ‘The value of his services to the Board of Water Supply is expressed e 
resolution on his death, which reads as bobis 
a Whereas, Alfred D. Flinn, : formerly department engineer, , Headquarters 


department, and deputy chief engineer of the Board of Water Supply, de- 
parted this life on March 14, 1987, now, therefore, onsen 
ea _“ Be it Resolved, that the Board of Water Supply expresses its deep sor- 
row at the death of Mr. Flinn, whose services to the City were vitally im- 
HM portant in organizing the engineering bureau at the inception of the Catskill ee 
and in designing the works and directing their construction. 
2 “ Be It Further Resolved, that this resolution be spread on the minutes of 2 ; 
the Board of Water Supply and that a copy thereof be transmitted to Mrs. | 
the of his the 1 Board of Ww ater Mr. Flinn 
became a Member of the Board of Direction of the Society and served on 


: the Board of Engineering | Societies Library. This was at the time of im-— 


portant changes i in the Library, and as Chairman of a ‘Special Committee, i: 
_ investigated the various systems of classifications used in libraries and pre- ; 
—_ a plan for the re- organization of the ‘Library, and the unification of a 


- the book collections of the several Societies into one well- arranged library. ee 
Ond anuary 1918, Mr. Flinn resigned from the Board of Water ‘Supply 
f take up the most congenial work of his life with the several joint organi- 
zations of the Engineering Societies. In this position he 1 was 
successful ; he worked in it happily and untiringly until his health failed. 
One of the members of the 1918 Board of t! the United Engineering Bocieties — 


it 
who served two terms in this formative period, “writes: Mg 
“Flinn came a godsend to us. * * In the early years before 
advent, we were constantly in difficulties. * * Flinn’s coming 


in to those Boards made a very different picture of it. The business and ef- — 
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of joint Boards went along much more than in the earlier 
« ne and the ‘ Foundation’ and the other organizations benefited very much.” _ 


_ The primary purpose in engaging the same person to be the executive 

officer of two or more organizations simultaneously. was economy. No one 
of the organizations participating in joint arrangements could then a 
a establishment. Operations were simplified and the, wor 


q 


reduced. For the Engineering Foundation and the Division of Engng 
of N ational Research Council, the arrangement assured. harmony of "Program 
and avoidance of duplication i in closely related activities. ai 
_ From January 1, 1918, to the time that his health began to fail j in 1934, 3 
Dr. Flinn was Secretary (Executive Officer) of the United Engineering { So- 
ciety and its successors, Engineering F oundation, Inc. and United Engineer- 
& Trustees, Inc. The position entailed supervision of the Engineering 
oo Societies } Building ; execution and records of actions of the Board of Trustees, : 
 ineluding administration of trusts and other funds; and sccretarial 
to standing and special committees, 
He was Secretary of The Engineering Foundation from December, 1917, 
and Secretary and Director from 1922, until his death. He initiated by 
aided in developing and financing Fatigue of Metals Research (in co-operation _ 
with National Research Council), the Arch Dam Investigation, Alloys of — 
Tron Research, Education Research ‘Committee, including the pamphlet “ En- ; 
gineering: A Career—A Culture ”, smaller researches, assistance to special 
_ research committees of the Founder Societies, and organizations co- ‘operating ec 
with them. His duties involved relationships with industries, ‘universities, 
governmental bureaus, National Research Council, Engineering 
Council, Society for the Promotion of ‘Engineering Education, and other 
bodies, in all parts of the United States, and correspondence with other. coun- a 
tries. The work included writmg, compiling, or editing annual and special a 
ee for the Foundation and its Committees, the Research Narratives in oe 
leaflet ‘and book forms, Directory of Hydraulic Laboratories in the United w 


co- operation with National ] Research Council he aided in establishing 
the Personnel Research F ederation, the High hway Research Board, the Amer- : 


(damage to structures by marine borers), and compiling the Directory of 


Industrial Research Laboratories th the United States. 


was Secretary of the Engineering Council from 


time of its disbanding on December 31, 1920, to make way for the Federated . 
ion Engineering Societies, later known as the American Engineering — 


Council. such he dealt with “questions of interest to engineers 


: and to ‘the public”, ” ‘some of which were activities incident to the World 7 


reconstruction, classification and compensation of engineers, unifot 
State law for “ Registration of Architects, Engineers and Land Surveyors” = 
improvement of the Patent Office, Engineering S Societies Employment Bureau, _ 


and. the National Publie Ww orks An office _was maintained at 
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He was with the Division of E ngineering, National Research 
Council, as First Vice-President Chairman, November 1, 1920, to December 8, 
3 a and then as Chairman until February 15, 1923, when he resigned. — Hie 
activities included co- operation with The Engineering Foundation, z other Ba 
technical and scientific bodies, universities, _ industries, and governmental 
bureaus; and researches related to testing of hardness of metals and wer 
‘substances, uses of tellurium and selenium, highways, welding, moulding 
sand for foundries, marine - piling, pulverizing (of material for technical 
processing), electrical insulation, high-speed tool steels, heat transmission, 
on applications of psychology and psychiatry to industry, rock drill steels, mag- bs) 
netic analysis, and phosphorus and sulfur in steel. 
Flinn was Assistant Secretary of the J ohn Fritz, Medal Fund Con 
poration from January 16, 1920, until he resigned in October, 1935. He was 
elected Secretary and Treasurer of Daniel Guggenheim Medal Fund, Incor- 
porated, on February 29, 1928. He resigned as ‘Treasurer on 3, 1935, 
a and as Secretary on May 6, 1936. He served temporarily ‘other bodies whose 
7 routine work was committed to United Engineering Trustees, Ine., from time ‘oe 


to time, and only gave u 1p these duties: as ill health required. 


|  _—ODr. ‘Flinn received many honors for his work in engineering. The Uni- =. 

versity of Louvain, Belgium, conferred the honorary degree of Doctor of 
4 Applied Sciences on him at its 500th Anniversary celebration in 1927, and 4 
‘the W orcester (Mass.) Polytechnic Institute, from which he. had received 


degree of Bachelor of Science i in 1893, made him an Honorary. Doctor of 


Engineering i in 1 1932. He v was an Honorary Member of the e Masaryk Academy > 


ot Prague, and held other Czecho-Slovakian decorations, — 


He held membership i in many societies, ‘notably: 44. 


American Society of Civil Engineers (Director, 1917-1919); 
American Institute of Mining and Metallurgical Engineers; 

Mis American Association for the Advancement 
American Iron and Steel Institute; 
cule ‘Municipal Engineers of the City of New York (Past- Preside den nt); Gold” aa 

~The Engineers Club of New York; hate 


Masaryk Academy, Prague; Honorary Foreign Member of Section of 
_ Knight of the Order of the White Lion, Republic of Czecho- Slovakia; ar 
_ Personnel Research Federation (Past-President and an organizer) ; oe 
oo Societies Library Board, representing the American Socie e.g 
Boston Society of Civil Engineers, Librarian (honorary) for several years; 
daily, re-organized and cataloged the Library and enlarged its collection; 
*.. ba ‘National Research Council: Member of Executive Board for five years; 
sign’ Assistant Secretary (complimentary) as Secretary of the Engineering 
_ Foundation; Vice-Chairman and then Chairman of Division of Engi- 
‘neering; Vice-Chairman of Research Information o on Service; ¥ 
American Society for Testing Materials; |. 
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‘MEMOIR OF ALFRED FLINN 


Flinn had : always been interested i in writing, al unique con- 
: cise style which | was easily recognized even though his name did not head the | 
article. His hobby was to omit the article, “the,” wherever possible. He He 
never signed a letter “ Yours very truly” and often omitted the salutation, 
He considered middle initials superfluous. oibod has 
In 1911, he was requested by McGraw Hill Book Company to undertake q 
a reference book on . water- -works. — In this work, he recruited Robert a. 

_ Weston, and Clinton L. Bogert, Members, Am. Soc. C. E., and the late J ohn 
1. Gregory, M. Am. Soc. C. E. Professor Gregory withdrew during the first 
ear, but the other three authors worked together for five years producing a 
he first edition. ks : Waterworks Handbook ” is now in its third edition, and | 
s used extensively in the United States and other countries. With char- 


cteristic ‘modesty, | Dr. ‘Flinn inscribed the Preface ” compilation—not 


] contribution to literature, T by 


Dr. Flinn was always considerate of the working hours of his 


but not of himself ; he was a most persistent worker. It was his habit, 


ill health came, to be at his desk at home at 5 00 AM, working for two a 
hours at writing and editing before breakfast. In his early 
: ‘Sunday - free of his life work, but in later years, much of his time o days a 
was devoted to his absorbing writing of reports, and editorial 
is ee was a pleasing and instructive public speaker. For two years in in the a 
4 Nineties | he gave courses on water-works ‘and water supply and on sewerage 


to Senior Classes of Lawrence Scientific School , Harvard University. On 


invitation, he gave the Chester S. Lyman Memorial Lectures on Conservation 


of Water by Storage, to the Senior Class, at the Sheffield Scientific School, 


_ From his youth, pha was interested in church work, and during his residence Be, 

New York City he was a member of the Fifth Avenue Baptist Church. 

In 1900, Dr. Flinn was married ‘to Mary Brownell Davis, of Boston,’ who ¢ 
_ survives him. During the past year he sensed the impending summons, and 

his “Spacious home in ‘Park Hill, Yonkers, and gave away most of his. 

books and furniture, and retired to Heathcote Inn, ‘Scarsdale, N.Y. where 3 

died. His distribution of in this manner, by 


a thoroughness of detail. This characteristic went to the extent of co 

concise of this memoir is large a 

er Alfred D. Flinn was a Christian gentleman dominated by the highest : 
ideals. ‘His unfailing courtesy and thoughtfulness of others were 
characteristics. He worked unselfishly for the advancement of ‘Engi 
neers and the Profession of Engineering. ‘His toward these objec 
tives has been great, and will be more fully ‘appreciated as passing years rl 7 
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OF anor JOSEPH 


as elected an Associate Member of the American Society of 
2 Civil Engineers on December 6, 1899, and a Member on May 2, 1905. — He b 
gerved as of the Society from 1917 to to 1919. cylin 


q a SIFROY JOSEPH FORTIN, M. Am. Soc. C. 


sas Ths Sifroy peer Fortin, the son of Jules and Sophie (Roy) Fortin, was born 
RS at Saint Sebastien, Iberville County, Province of Quebec, Canada, on May 6, 
, _ Mr. Fortin’s ancestors left France and settled i in Canada about 1650. aa 

i. After his preparatory | schooling, which he com completed at the Plateau Com- 
meri Academy, in Montreal, Que. , Canada, Mr. Fortin enrolled in the Civil — 7 


ts, Engineering Course at Laval University, the Applied Science Faculty of 
re | which is now the “ Keole Polytechnique.” ‘He obtained his degree from this 
wo genre in 1889, at the same time winning the Governor General’s Medal ~ 
pt a for the highest standing in his Class. inteb pas 
On leaving college, Mr. Fortin’s first position was that of Inspector on the 
™ 2 - construction of the Lachine Aqueduct, which supplies water to the City of 
the Montreal. From February, to December, 1890, he was engaged as oe | 
age with Livering and Garrigues, Civil Engineers’ and Contractors, of Philadel- 


2 In December, 1890, he joined the Staff of the American Bridge Company - 
ool, and continued with that Company until J anuary, 1892, working on the detail- 
design, and estimating of steelwork for bridges and buildings. 
Works, in New Je ersey, , and; later, became Assistant to the late Charles" 
who Brown, M. Am. Soc. OC. E., Consulting Engineer and Contractor, of Brooklyn, — 
and | N. Y., where he had charge of the estimating and drafting-room and made 
his | the debediationai under Mr. Brown’s supervision, for the following structures: be 
ere] Manhattan Life Building, 17 stories and tower (cost, $1000000); Empire — 


gift ; - Building, 22 stories (cost, $2 000 000); addition of 6 stories to Standard Oil " 
om Building (cost, $1 000 000) ; and a number of smaller structures, including an a 


ae. ath in New York, N. Y. During the latter period of his engagement with 
ying 4g Mr Brown, he helped him with the revision of the sections on steel, concrete, 


ely ke foundations in the Building Code of the City of New York. ~~ 
Cee Me In 1899, Mr. F ortin joined the Milliken Brothers, C Civil Bustidects and 


hest Contractors, of New York City, with which firm he remained until 1914, 


“world, ‘Spending t two years | in Hawaii, two years in China, Japan, and The 


—_ Memoir prepared by Vernon R. Davies, Esq., Westmount, Montreal, Que., Canada. _ 
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successfully, “negotiated contracts with the Russian Government for the steel- 
work in the arsenal, and dry dock and ship-repairing plant, at Port Arthur, 

China, Mr. Fortin proceeded | to China » where he supervised | the completion | of S 

the design and took of the erection for the own owners, The 


ra _ Upon leaving the Orient, ‘Mr. Fortin next negotiated, for his firm, the ie 

4° ‘contracts | with the Mexican Federal Government for the steelwork in the fol- 

owing buildings: Post: ‘Office ‘(estimated cost, $1000 000); War and Navy 

Building ($1800 000); The National Theatre ($4000 000), not finished until 
and the Federal Palace or ‘Parliament (estimated 


During the his residence in. Me: fexico as of Milliken 

4 Brothers, his Company acted as Government engineers under President Por- — 

—— firio Diaz’s régime. The Mexican Government assigned to them the task of 
preparing plans" and specifications for the. steelwork and reinforced concrete, 
foundations, and other structural details for various public undertakings. 


collateral contracts covering oud roofing were ) also ob- 


sheds, sugar refineries, bridges, and other structures. bn 


dae private individuals — corporations in Mexico for the building of a 


gyi The construction of the Parliament. Buildings, in the City of. ‘Mexico, — 
offered a special problem in foundations due to the nature of the sub-soil, — 
which i is a voleanic ash possessing a low bearing 1 value. a A system of founda- teod 
‘and Public. Works oh: later, formed the basis of a meme entitled — 
ovel System of Foundations Used in with the 
tive Palace, Mexico City.” aif 


freight dry-docks, , dams, and hydraulic projects. The wor 
undertaken included bridges at Kingston, Ont., Ottawa, and Riviere- 

Quinze, Que.; dry-docks at Halifax, Nova Scotia; Levis, Que.; and Esquimalt, 

B. C.; sheds at Halifax, St. John, N. B, r » and Vancouver, B. C.; in addition to i 
docks. and dams throughout Canada. 

pe Mr. Fortin left the ‘Government Service in September, 1918, to become 


7 Deputy Director and Deputy Chief Engineer of the Public Works Department 
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4 oa of all work upon which Mr. Fortin was engaged, and he returned to Canada f 
to become Structural Engineer for the Public Works Department in Ottawa, 
. Ont. This position he held until 1918, during which time he was engaged on 
— 
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MEMOIR OF GIDEON al 


“engineering projects undertaken by the City connected with the Roads Di- 


vision, sewers, and municipal shops. 


In April, 1922, he was called upon te to form the Technical Commission an 

became ‘its first Chairman. — In the same year he was appointed to the W ater 

Board. One of the functions of the Technical Commission was the develop- 
ment of a town Planning scheme for the City, and Mr. Fortin incorporated , 


on 
Pin of Organization and on Functions of a Town Planning Céminiesiod for 


the Island of Montreal.” * 


In September, 1930, he became Consulting Engineer to the Executive + Com- .! 
‘mittee of the City of Montreal, and in the same year he revived the Technical | 


Commission had previously This Commission was composed 


these duties: until ‘yetdveinent in 1935, due to failing health: He died 


two years later atthe age of 70 yr. to tn 


al Mit Fortin was a member of the Engineering Institute of Canada, the Cor- 7 


= poration of Professional Engineers of Quebec, and the Association des Anciens 
Eleves de ’'E cole Polytechnique. He was a life member of the Board of 
- Governors of I’Ecole Polytechnique, and a member of the Marlborough Golf 
Country Club. 708) gint edt te aff ha 


| wwe On June 14, 1894, he was married to Maria Graziella Lalonde, , who survives 4 
‘ him. ~ He is also surv ived by an only child, Gaston L. Fortin, Civil Engineer. 
Mr. Fortin’s great diversity of interests won for him a wide circle of 
oe . He had a very intimate knowledge of the French and English lan- 

guages and literatures and also a very thorough knowledge of Spanish. ‘His 
4 principal hobby was the collection of records relating to the early history ‘of 
_ the French in Canada, and particularly those records relating to the history 


of his own family, which he incorporated into a brochure which was printed _ 
short time before he died. H “then 1 oft adt 


Mr. Fortin was elected an Associate Member of the American Society of 


Civil Engineers on November 6, 1895, and a Member on December 6, 1904. na 


in’). 
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‘on of Myron O. and Reba’ (Rubens) Getmon When Mr. Gideon war as 
a boy, railroad construction near the town of his birth aroused in him an — 
interest in Engineering, which later took him to the United States. He was 
graduated from Cornell University, at Ithaca, N, Y., , in Civil Engineering 
* Revue Trimestrielle, and the Engineering Journal of Canada, 1924. 


1 Me oir prepared by Paul W. Mack, Assoc. M. Am. Soc. C. E. | bue 
ray 
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. His scholastic record: 
“es Gideon began his engineering career in Little Falls, N. 2, 
_ Stephen E. Babcock, City Engineer, in yar branch (water- -works) of engi meer- Bt 
which he followed all his life. To Io 
1900 to 1902, was Assistant and Engineer i in charge of 
na, 
‘His ‘there was the foundation of important work 
design: and investigation ofa hydro- electric on the Housatonic ‘River, 
and from there he went to Manila, Philippine Islands, in 1905, For twenty- — < 
five years, he devoted his engineering ability to the problems o of the water e 
supply : and sewerage « of Manila. Mr. Gideon designed the storm yen Ea 
was Superintendent of Water Supply and Sewers, and, from 1910 to 1919, © 
was Chief Engineer of the Department of Sewers and Water- Works. In 
1919, he served s as Consultant to the Quartermaster, ‘United States Army,.on on 
Gideon had the confidence of ‘te late General Leonard 
s Wood, and during the World War acted as City Engineer of Manila. He saw 
the need of changing the ‘municipal Water Department to a as 
Water District. Governor General Wood approved. of the change and 
: pointed him to be the first Manager. His financial ability turned the annual: 2 


‘District, and a an enlarged. supply was planned and financed. He s saw this 
: work well on the way to completion before his retirement. = = ae 
Mr. Gideon was a Director of the Philippine National Bank and the 


q Bank of the Philippine Islands, the Philippine Railroad Company, and the 


‘ Manila Hotel. He was a ay of the Army and Navy Club, the Casino 


>i He is warvieal by ‘his widow, ' Mrs. Edith Mary Gideon, and a son, David, 


a. Mr. Gideon was elected an Associate Member of the American Society of 


JOHNSON HARAHAN, M. ‘Am.’ Soc. C. 


Dep DecempBer 14, 1937 ie 


Harahan born in Nashville, Tenn., on December 4 
22, 1867, the son of J fames Theodore Harahan, late President of the Illinois 
Central Railroad Company, and Mary (Kehoe) ‘Harahan. The family 


7 _ 1Memoir prepared by a Committee of the Cleveland Section, consisting of William 
and Leonard B. Allen, Members, Am. Soc. Cc. EB. betes 


_ the water supply of the fortifications on Corregidor Island and designed the 4 
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he his. primary and was from St. ‘abate: Col- 
lege, in 1885, at the age of seventeen. He had worked as shop apprentice 
2 and in various other minor positions, for the Louisville and Nashville Rail- yy 
3 road Company, during his college vacation periods, starting in 1881, when he Ea 
= was fourteen years old. Upon graduation he began working regularly for the P 2 
~ Louisville and Nashville Railroad Company, and from that time until his — 
death he was engaged continuously in railroad work. 
eS r _ Father and son spanned almost three-quarters of a century of railroading. Ht 
: Fo or twenty-five years, they worked on the same railroads together, much of 
the time side by side. Almost the complete history of railroad transportation 
; may be told in the span of years served by the Harahans. The elder Harahan _- 
started his career on the old Virginia Midland Railroad, later part the 
- Southern Railroad System, in 1864, in the most devastating period. of the 
Mr. Harahan spent more than fifty-two years working with railroads. 

his work and his play. This devotion, and his 
ability, together with a natural heritage from his father, made him one — 
the greatest railroad men in the United States. He built several thousand _ 

y miles of new railroads and additions to existing railroads, and was in uae, 

of other large construction work for many years, muareneer the building of ge 

number of large bridges over important streams. tasiat 

he He worked in various minor capacities on the ‘Sahat and Nashvillo 


_ Railroad, from 1885 to to 1886, and from 1886 to 1889, he was in the Engineering» hl 
Department of the same Railroad Company as | Chainman, Transitman on 
| In 1889, when he was twenty-two years of age, Mr. Harahan was appointed — 
Division the Cincinnati Division of the Chesapeake and Ohio 


was the rep repair of the. damage ‘wrought by a an on Chie River flood. That experi- ba 
ence was to be of practical help to him in the recurrence of flood conditions 
on the Chesapeake and Ohio Railroad in later years, including the floods of | 
1936 and 1937. patios dtiw bus one dite) 
In 1890, he received appointment as” Superintendent of Structures of 
Baltimore and Ohio Southwestern Railroad Company. In 1892, he became — 
Roadmaster and Trainmaster of the Illinois Central Railroad Company, and 
progressed rapidly to be Superintendent, Chief Engineer, Assistant General . 
Manager, and General Manager. In 1905 he was appointed Fourth Vice- — 
_ President, in charge of Traffic and Engineering. In 1907, Mr. Harahan re- 
4 linquished the ‘ilinois Central Vice-Presidency and accepted appointment as a 4 
i + ‘Assistant to the President of the Erie Railroad Company, remaining in this 
| a position until January, 1911, when he was elected Vice-President in charge ~ a} 
7 of Engineering. In September, 1912, Mr. _ Harahan was elected President — 
; of the Seaboard Air Line Railroad Company and served in this office until — 
1918, Between 1918 and 1920—the Federal Control period—he was Federal — 
Manager of the Seaboard Air Line. .From April to December, 1920, he served — 
oy 
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‘MEMOIR TLLIAM JOHNSON WARAH 


of Railroads as a Staff Officer. In 1920, he 
a elected to the Presidency of the Chesapeake and Ohio and Hocking 
Valley Railway Companies and served these roads in that capacity 
_ May, 1929, when impaired health prompted him to give up this post to become _ 
_ Senior Vice-President of the. two railroad companies, and also of the Pere ’ 
Marquette Railroad Company. The late J. J. Bernet, who succeeded Mr. 
-s ‘Harahan to the Presidency of the Chesapeake and Ohio and Hocking ‘Valley he 
~ Railway Companies in 1929, died in 1935. Improved in health by that time, a 
of Mr. Harahan was prevailed upon to. resume the Pr residency of the Chesapeake 
4 ‘and Ohio Railroad Company, and, at the same time, take upon his shoulders o 
the responsibilities of the same office for the New York, Chicago and St. Lode 
- Railroad Company (Nickel Plate Road) and Pere Marquette Railroad Com- 
pany. The Hocking Valley had lost its identity in 1930 when it was merged 2 
the Chesapeake and Ohio Railroad Company, 2 
In addition to being President and a Director of each of the thied ee 
ae at his death, Mr. Harahan was also a member of the Board of Directors — : 
aa w& ‘During his first tenure as President of the Chesapeake and Ohio and ay 
aa ~ Hocking Valley Railway Companies, Mr. Harahan developed an executive 
personnel that was to become recognized as one of the most efficient in the 
_ railway field. He had a faculty of appraising ability. _ ‘He liked to encourage _ 
talent and reward achievement. The organization as it is to-day is of his 
_ making, for Mr. Bernet, on assuming direction of the roads, was surprised — 
at the proficiency he found in all departments and made no changes. What 
he thought of it was perhaps best summed up in his comment that, “ ‘the road 
is so well run it seems to run ban 
At the inc inception of Mr. -Harahan’s administration, the Chesapeake and 
Ohio Railway did not have a physical connection with its subsidiary, the 
Hocking” Valley Railway, its outlet for coal moving to Great Lakes porte 
_ This physical connection was supplied in 1927, through the a, 
% under Mr. Harahan, of a 63-mile double-track line between Greeg™ Ns 


. ‘Valley - Crossing, from Columbus to Waverly in Southern Ohio, without grade 
 ewenlagn (with one exception), and with ideal ruling grades. The line was a 
a completed in ten months, an all-time record in American railroad construction. — i 
Physically and in the period from 1928 to 1929, the road under- 
eg | neat transformation and acquired a recognized status as one of the world’s — 
> 4 ‘most efficient transportation machines. Its sphere in the marketing of coal, ie 
once narrowly circumscribed, was expanded East and West, North and Nok 
west, through affiliations that were provided with such related lines as the “a 
Nickel Plate Road, the Pere Marquette, and the Erie. 
_ Mr. Harahan’s instincts were scholarly. He read the ‘Classics. He had 
a definite liking for history. Apart from a fondness for baseball, ‘reading ¢ 
Ae On the personal side, Mr. Harahan lived quietly and unpretentiously, and — 
. at as a devoted husband and father. He was as married twice. His first wife was # 


M. of ‘Nashville, Tenn., to whom he was married in 1800 
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MEMOIR OF LEWIS MUHLENBERG HAUPT | 


= by w whom he had twelve children. | Following the death of his first wife, 
he was married on March 28, 1935, to Mrs. Elizabeth M. Smith. u They resided 
at Wade Park Manor, Cleveland, Ohio. 
z Mr. Harahan’s pride, and the source of his greatest happiness, was his | 
- large family of children, comprising his own by his first wife, along with the 
children of his widowed sister, whom he adopted, and some other orphaned 
3 children, related to him, whom he reared. At one time, the children 
‘numbered as many as twenty-one. — The | dining rooms in the Harahan homes | 
at Chicago, Ill., and at Norfolk, and Richmond, Va., before the children grew 4 
up, had to be quite extensive. alid'T w ol 
Besides his second wife, and her son by a former marriage, Thomas Ww. 
‘Smith, he is survived by eigit children of his first marriage, including three = 
sons: James Theodore II, William Johnson, Jr., and Joseph Patrick; and _— 
- five daughters: Mrs. Louis Moquin and Mrs. Richard Markey, Catherine _ 
Agatha, Virginia Mary (Sister Catherine Virginia of the Sisters of Notre 
Dame), and Theodora Margaret Harahan. He was also survived by a brother, _? 
£ J. T. Harahan, Jr., and two sisters, Mrs. iii H. Effinger, and Mrs. Theodore © 
devout Churchman, Mr. Harahan interested himself actively in Catholic 


_ charities. He was Vice-President of the Society for the Propagation of the " 
q Faith of the Diocese of Richmond, Honorary Vice-President of the Catholic 

Conference on Family Life, Director of the National Council of Catholic 
Men, and a member of the Knights of Columbus, 
A ay He was a member of the American Railway Guild, Railroad Club of New on 4 


a ‘York, Midday Club (New York), Union League (Chicago), the Country Club — 
of Virginia, the Commonwealth Club, and the Westmoreland Club, of 
Mr. Harahan was elected an Associate Member of the American Society 
of Civil ‘Engineers on October 3, 1894, and a Member, on October 7, 1903. ma a 


‘LEWIS MUHLENBERG | HAUPT, M. Am: Soe. 


oe 


Lewi is Muhlenberg H Haupt 21, 1844 
: J the son of General Herman Haupt, M. Am. Soc. C. E., Scientist and Engineer, © 
and Builder of Military Roads and ‘Bridges during the Civil War, and his wife, 
‘He studied at the Lawrence Scientific School of Harvard University, at 
Boston, Mass.; and in the autumn of 1863 he w was appointed by President 
Lincoln to the United States Military ‘Academy, at West Point, He 
4 was graduated, in 1867, with the rank of Second Lieutenant, , United States 


Memoir prepared by Charles E. Billin, M. Am. Soe. C. 
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OF LEWIS. MUHLENBERG HAUPT 

Lieutenant Haupt’s | first work in the Service was with a party conducting 


the triangulation of Lake Superior and the “ on-shore” line survey and “ i 
hore ” hydrography of the Lake and of St. Marys River. In 1868, he mei 
appointed Engineer Officer of the Fifth Military District of Texas. 

In 1869 Lieutenant Haupt resigned from the Army Engineer Corps to 

é accept 1 the position of Assistant Engineer and Topographer in charge of the 

4 ~ gurveys of Fairmount Park, in . Philadelphia, Pa., in which position he col- 

. - lected data for an elaborate map, located and constructed drives, drains, and 

other engineering features of this extended pleasure ground. =|) 
ee was intimately associated with Philadelphia and its civic develop- 

ments. He soon became interested in the traffic problems of the City, cur- 9 

— - rent and future, putting forward the claims that the corner of 33d and Market — 

% Streets was the most suitable site for a Union Rail Terminal—a project for 

“ e~--~ the facilities now exist but which still awaits realization. As early as 

7 he proposed that diagonal streets be cut through from City Hall 80 io 

the movement of highway traffic. sin fue. 

1872, Mr. Haupt was appointed to the Technical Staff of the University 

GE Pennsylvania, | at Philadelphia, Pa., as Instructor in Mathematics and 4 

4 Drawing. In 1873, he became Assistant Professor of Civil Engineering, and = 
continued in that capacity until 1875, when he was to be Professor 


His extended experience ‘gave him practical as an 
s He had the vision to stimulate earnestness and invention in his students and et 
_ make them realize the importance of their work. His long summer vacations — 
spent in practical engineering work, thus giving him constantly 
- increasing store of experience to draw upon in his teaching. His students 
- were often given the opportunity to help him in these undertakings. ond ae 
In 1873, his” second year at the University, Professor ‘Haupt “made the 
“dineie survey for range lights on the Delaware River, the students working 
a with him, thus bringing them into actual contact with the problems of f the - 
- times and giving them a working « efficiency unattainable by more petrne 
For five ye years he was also Assistant with | the United States Coast and 2 
Geodetic Survey in charge of the triangulation of Pennsyivenia. His students 
pa wi ill remember how, i in 1 1875, they worked with him in determining fixed points — 
the ground for accurate ‘surveys ‘for latitude, longitude, boundary lines, | 
railroads, ete., and thus, through all the succeeding years of his connection - 
with the ‘University, 1 he worked to > make t the Department of Civ il 


in ‘giving especial attention to the © const: 
wise system of canals. In 1894, he was ‘selected as Engineer in ‘Charge, by q | 

. the Canal Commission of Philadelphia, to make the surv eys and report upon 

a ship can canal between and the ‘sea, across New was 
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Professor was frequently consulted ix in matters to the is 
and was upon nte take an inctive interest in some of the. great 
enterprises of the Western Continent. In 1897 he was appointed by Presi- | 

dent McKinley to study the feasibility of a canal linking the Atlantic a 

Pacific Oceans, via Nicaragua. He advised such a site, but eventually the — 

Panama site was selected; and, was appointed to the Panama Canal 

Although engrossed in these vast | he found time to write ex- 
—tensively on technical subjects. He was the author of a number of publi- q 
K _eations relating to the economies of transportation and the improvement of _ 

navigable channels by the utilization of the forces of Nature. = qyregon ie 
4 Ss Professor Haupt devoted much time to the problems of beach and harbor 
protection, with special attention to jetties and to the automatic deepening bs 

of harbor entrances. He studied all the major ship canals in the United — 

States and many abroad. In 1887, he patented the Reaction Breskwater, | a 
utilizing the forces of tide-water itself to clear and maintain the channel, a 
_ principle which has been widely adopted. Of equal utility was his : al 
“hooked jetty” designed to check coastal erosion. For g 

these inventions he received the highest a ward at the National Export Ex- 

_ position, in Philadelphia, in 1899. Their great utility, economy, and efficiency 
a were demonstrated at Aransas Pass, Texas, in 1895 to a as a purely tidal b sb 

inlet. His inventions were endorsed by experts and engineers atocmaal 

Elliott Cresson Gold Medal and Premium of the Franklin Tastitute, 

in “in Philadelphia, the highest award within its gift, was presented to Professor — 

Thee in for “Tmprovements in Methods of Removing Ocean Bars.” 


In 1887, for his paper on the | ‘ Physical Harbor Entrances,” 4 5 
and for his invention of a ‘system. of harbor improvements, he was. awarded 


the Magellanic Premium by the American Philosophical Society—the highest «¢ 


. acknowledgment: that i is in the power of that Society to bestow, ¢ and an honor 7 
which has been conferred only twice in the last forty- five years. 


Combined with another development he used the installation of a double 
' row of open pilings, which device has resulted in the recovery of many acres ~ a 


7 of beach front at Far Rockaway, Long Island, N. ‘Y, and at ‘many points - 
The writer's acquai with Professor Haupt began in 1877— when: 


j he delphia, at its its organizetion meeting on December 17 that year. On March 
14, 1916, he was elected to Honorary “Membership: in the Club. The 
ome many of his papers on subjects aiaiied to river and harbor improve- 
st ments, such as s the removal of Renithes Island i in the Delaware Riv ver,  Hirectly 
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range, for his on was an active one. bar vite 
Professor Haupt published 1 many scientific w works, including ‘Engineering 
and Contracts, “The Physical Phenomena of Harbor En- 


graphic Society, American Historical Society, American Association the 
Advancement of Science, The Franklin Institute of Philadelphia, ¢ and The = 
Engineers Club of Philadelphia. = = 

“26 Professor H Haupt’s personality was most attractive; he was energetic, al- 
ways genial, and a great favorite with his students and his’ professional and sft 
‘social friends. Although it is conceded that it requires brains and ability or i 

_ accomplish great things in life, still it is equally” true that even brains and — 
ability will not accomplish “much without energy and opportunity. 
a y gy PP 
His life was one of great achievement, backed by ability and pushed 
forward by energy. His record is 5 an example, and should be an inspiration, _ 
On June 26, 1873, he was ‘married to a Christiana Cromwell, who 
died on December 21, 1912. He i is survived by four daughters and one semi | 
Professor elected : a Member of the American Society of Civil 


HAWKINS, M. Soc. Cc. 


‘Soc. C. E.t 
— 


Swift Hawhine was born on December 18 , 1876, in Hannibal, Mo. 
He was the son of J udge Thomas W. Hawkins and Anna Belle (Newland) a 
Hawkins. When he was quite young the family moved to Palmyra, Mo., oe 
_ where he attended the local schools, and Centenary College. Although he was s 

not a graduate of the College, he completed practically the fi full course of study 
a. After leaving college, Mr. Hawkins went to what was then Indian Ter. 
ritory, later the State of Oklahoma, in the service of the United States Geo- nit a 


logical Survey and was employed as Field Assistant and Surveyor until ‘that 


work was completed in 1899. He was then assigned to the Commission to the : 
Five Civilized Tribes and was in charge of the allotment to the Creek and 
_ Seminole Indians. In 1906, he was transferred to the | service of the so 


mission of Indian Affairs ‘and made Chief Engineer of the Osage Indian 


immediately, thereafter, he was ‘appointed State of Oklahom 


under Governor Haskell, and served : with him until the close of - ‘si 
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From 1908. until 1910, Mr. Hawkins was a with the 
Missouri, I Kansas and Texas Railroad Company, on the design and estimate 
work connected with the. raising of all the tracks to an elevation above high 
water. This work involved the expenditure of about $14000000. In 1910; 
he went into private consulting work in Oklahoma and Texas and engaged i in 
‘municipal work and road and bridge design. ont af 
q In 1918, he was called back to Missouri by Governor Major to take the — 
‘position of State Highway Engineer and Deputy Commissioner of Missouri, 
and he served in this capacity throughout the Governor’s term. . In 1915, he 
' ‘returned to Durant, Okla., , where he again entered the practice « of engineering, 
acting as consultant on many any municipal projects in that area. 
ilies hile essentially a peace- -loving man he offered his services to his country a 
in the spring” of 1917, served as ‘Captain with the 55th Regiment of 


the conclusion of his period Army | service Mr. ‘Hawkins « again 


municipal: work. 1922, he to Greenwood, Miss., where was the 
_ Consultant on a program involving the expenditure of $850 000 for public 


_ improvements. — In 1925, he moved to Gulfport, Miss. » where he was the 
- Engineer on the Harrison County road and bridge program, involving en 
tn of $3 176000; the Biloxi, Miss., $335 000 paving program; ; the — 


— $140 000 general benidontabbet' works in Pass Christian, Miss. ; and a $5 000 000 
project at Guilt ‘Hills, Miss., as well as as many smaller Projects in that area. 
‘He superv 
At the conclusion of this work j in oe 29, he received the appointment ne pee 
z Engineer of Special Assignment with the Missouri State Highway Depart- 
‘ment t. At this time, Missouri w: was just inaugurating its “ Farm- to- Market ” 
a program, and Mr. Hawkins’ position involved the selection of various relies 
~ over the State. ? He was especially well : fitted for such work due to his wide P 
cf experience in road design and construction. With the inception of the Fed- a 
: eral Emergency ‘Relief Administration he was placed in charge of all such 


q aap when that work was transferred to the Works Seems Administration. 

2 In September, 1935, he was appointed to the post of Division Engineer < 
3 Division No. 3 of. ‘the State Highway ‘Department, ‘and returned to his ‘old - 
4 home in Hannibal. He served in this capacity until his death. | His life he 


Was an example of complete devotion to his family, friends, , and work, mega 


Although ill during a greater part of the last year of his life, he seldom 
missed a day at the office to see that at everything was running smoothly, It = 


has been justly ‘said that there was no man in the Highway Department who 
3 was more popular nor who had more friends. | He took a special interest in his 
subordinates. An Elder in the Presbyterian ‘Church, he 
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OF HARRY 


‘MONMOUTH HERBERT, M. Am. Soc. C. 


ra Harry Monmouth Herbert was born at Monmouth Battle Ground, Mon- - 
mouth County, N. J., on January 31, 1857, the son of Major Jacob Van Wickle — 


t and Eliza Jane Herbert. bag _ be 


at New Brunswick, N. J., in 187 8, and the degree of Master of Science in 1881. _ 


oils _ Mr. Herbert was Assistant Engineer, with the United States Army, under — 


late General John Newton, U. S. Army (Retired), Hon. M. Am. Soc. ©. E, 
; tome 1878 to 1883, in which capacity he was employed on surveys at 
Elizabethport, and Raritan River, N. oe and the Gowanus Canal in pe 


N. Y.; in charge. of ‘the dredging and diking on Raritan River, 


From. 1884 to 1885, he was Assistant Engineer on topographical surveys” 


a on the location of railroad lines at and near Lake Hopatcong, Greenwood a 
a 


Lake, and Barnegat Beach, in New J ersey ; from 1885 to 1886, he was As 
a Engineer on the location of the Pennsylvania, Slatington, and New a 
England (later the Pennsylvania, Poughkeepsie, and Boston) Railroad, be- 


tween Slatington, Pa., and Wa shingtonville, N. J., and also on the location of ee 
about fifteen miles of the Bloomsburg and Sullivs an Railroad in the vicinity 


From 1887 to 1893, Mr. was. Resident Engineer 
‘Valley Railroad Company. The following work was done under his Piss 
vision: Construction of the main line between South. Plainfield, N and 
‘Newark, N. ; location and construction of ‘the Perth Amboy 
River Branch; monumenting the line and right of way from Newark at and 
Perth Amboy to Easton, Pa.; and the. rebuilding of nearly all the bridges ¢ oo 


Le In 1893 » Mr. Herbert had general engineering offices at Boun 


and was Borough Engineer of Bound Brook from 1893 to 1895, ible which 
_ time he designed and built the sewerage system there; designed and built the | 


ee prepared by William H. Boardman, Esq., Philadelphia, 


—— 
cm 
On May 17, 13598, ne was married to ay Colbert, of Oklahoma (at that 
Oa | — _ time Indian Territory) who survives him, with three daughters, Mrs. Ragan . 
B. Jones, Mrs. J. M. Garrison, and Mrs. Emory Lampkin. Two brothers, 
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OF MONMOUTH HERBERT 


— 


New York and Traction in which he located 

and made plans and specifications for more than 25 miles of line. preter 

From 1898 to 1900, Mr. Herbert was Director and Chief Engineer of the | a 
American Engineering Company, which . Company built, ‘equipped, and placed — 

in operation the following electric ¢ railways: Newtown, Pa., Street Railway ; P 

‘The Elmira and Seneca Lake Railway; and a line between Battle Creek, Mich. . 


and Mich., for the Traction ‘Company. 


te railway between Doylestown, Pa., and Easton. 
On April 12, 1906, Mr. Herbert. was ‘appointed a the State 
Sewerage of New Jersey by Governor Stokes. | The powers and 
- duties lodged i in the State > Sewerage C ‘Commission were vested in the Board = 
Health of the State of New Jersey by. an Act which became effective o on Apel 

+ 1908. Mr. Herbert was appointed Chief of the Divi ision of Sewerage and 


Water Supplies of the ‘State Board of Health on May 26, 1908. ‘al 
He. resigned from the aforementioned position on May 2, 1914; and on 

June 2, 1911, he was appointed Chief Engineer of the Camden, N. Se, Ww ater 4 

_ Department, where he remained “until 1913. then returned to 


‘He 


te inaugurated many municipal including a sewerage 

and sewage disposal works, and extensions and improvements | to the ‘water = 

Mr. Herbert established a reputation as one of the foremost engineers — 

t. in hydraulic and sanitary work, and was relentless in his fight to guard the 


public health. He was held in the highest esteem by his associates for his 


probity and business integrity. alge 9 to » edt 
‘Herbert was married in November, 1891, to Ella. ‘Tucker, of Bound 
” Brook, who survives him, as does a daughter, Mrs. Norman J. Elmes; two — 


eens Anita and Norman J. Elmes ; and a Emma Herbert. 


‘Health and Past- of the New Jer Associa- 


a 

. 
extension to th a 
bertville, N. J., as well as a system ior Kast and North pomerville, N. J., and 
a system of water supply for Middlebrook Heights, N. J.; designed a water 4 
Soc. C. E., designed a sewerage system for Flemington, N. J. = 
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ure! ‘wa NICHOLAS SNOWDEN HILL, JR., M. Am. Soc. 


_. Nicholas Snow ‘a Hill, Jr r., was born in Baltimore County, Maryland, on 


’ June 18, 1869, the son of Major Nicholas Snowden Hill and Mary (Cocke) — ee 
Hill. He ‘was graduated from Stevens Institute of Technology, at Hoboken, 
in 1892, with the degree of Mechanical Engineer. 

Mr. ‘Hill entered professional life as Mechanical Engineer for the South 


Side Elevated Railroad, in Chicago, I, in 1892, The following year, he 


‘to Baltimore, Md., to serve as Engineer- of the 


Sewerage | Commission, for which Commission he formulated a report wh which | 
served as a basis for the: existing sewerage system of Baltimore. Later, he 
was appointed Engineer of the Electrical Commission of Baltimore and & 4 


pene underground conduit system for the accommodation of all the 


electrical wiring of the city, the first: ‘comprehensive underground conduit 
system in the United States. Following this, Mr. Hill was made Chief En- _ 
4 -gineer | of the Water Department of the City of Baltimore, and in this capacity, 
he re- -organized the Department | and designed and supervised ‘extensive im 
tn 1898, he left Baltimore to become Chief Engineer of the Charleston — 5 
Consolidated Railway, | Gas, and Electric Company and “as such he 
was active in the consolidation of that Company’ s var ious properties and Te- 
‘ott “After the | completion of this work, ‘Mr. Hill was Chief 
of the Water Department of the City of New York, N. Y. As Executive of - 
- the Department he was in responsible | charge of improvements amounting fo 
‘several millions of ‘dollars annually, and instituted a: -eomprehensive investi- 
gation of the ground-water supplies of Long Island. ar bo 
19 1903, Mr. resigned as Chief | Engineer of the Departeneit toe 
tablish a private « engineering practice, and continued as a Consulting En 
_ gineer with offices in New York City until his death. As such, he gave 
special attention to problems of water supply and sanitary engineering, and 
to public utility appraisals, being recognized as one of the’ foremost experts 
a in the field of public utility valuations, 
hoa In his consulting e engineering work he established an international reputa-— 
7 tion, and was identified with notable enterprises in the United States, C re 
; _ Mexico, Cuba, and China. - During his professional life he was retained by fe 
more. than three hundred and fifty States, districts, counties, municipalities, 
and private corporations, and he appraised more than one hundred water cal 
aol Some « of the more notable p: projects and problems with which Mr. Hill was 
r associated in his capacity as Consultant were: Member of a committee a 


engineers to study and report on the pollution of harbors along 


oM. -1Memoir prepared by George H. Buck, M. Am. Soc. C. E., and Charles F. Jost, Assoc. 
Am. Soc. — 
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Valley Sewer W estchester County, New York; of 
the Jerome Pask ‘Filter Commission to consider advisability of 


Satey City, N. J., regarding en proper method - treating the Jersey City 
Water Supply; a t report on additional water supply for the City of Baltimore ; 
a comprehensive ‘report: on water supply, drainage, sewerage, ge, and sewage  treat- 
ment for Tampa, Fla., and environs, | ges the design and supervision of con-- 


upon available new water for Regina, Saskatchewan, 
and surrounding communities; a survey and report on water supply resources 
and water supply conditions throughout Westchester County and the best 
means of developing and organizing a county c controlled system; a ‘complete 
and comprehensive report for the City of Albany, N. Y., on sources of water 
supply available and recommended development ; ‘Consulting Engineer ee 
New J ersey W ater Policy Commission, including study and investigation of 
the best means of developing and conserving the water resources of the State, — 
and a comprehensive survey of resources and requirements ; a report on the 
development of a water ‘supply for the Metropolitan District of Northern 
Ohio; testimony for the State of New Jersey in the Delaware diversion case 
before Special Master appointed by United States Supreme Court; and in- 
_ vestigation and report on water supply and financial administration of the 
‘Shanghai, China, Water Works Company, 
= During the World War Mr. Hill was Supervising Engineer of Camp Mer- 
 ritt, New Jersey, and Designing and ‘aaa ising Engineer for the United — 
States Housing Bureau in connection with its developments at Norfolk and B 


Among his outstanding designs in the field of water-works is 
the Oradell Dam, of the Hackensack, N. J., Water Company. He was . 
~ awarded the Thomas Fitch Rowland Prize of the Psreely in 1926 for his paper 
on the design of the Oradell Dam? 
Mr. Hill | served as President of the Board of W ater Commissioners of 
East Orange, ez. from 1912 to 1920, ‘and as President of the Consolidated > 
_ Water Company of Suburban New York from 1921 to 1923. He was closely — 
associated with the Hackensack Water Company, serving about fifty o odd _com- he Ww 
‘munities in Northern New : Jersey. He acted as Consulting Engineer for this ie 
_ Company from 1910, as Director from 1922, and as President from 1926. . 
He was an Honorary Member and Past-President of the American Water 
orks Association, and donor Nicholas S._ Hill, Cup; a a former = 


be, 


 -He was a member of the following technical societies: American Institute = 
of Consulting Engineers (Member of Council; and Chairman, Committee on — : 
Professional Practice and Ethics) ; ; American Society of Mechanical En-— 


-gineers (Membership Committee; and Standardization Committee and Sub-— 
The Oradell Dam of the Hackensack Water Company,” by Nicholas 8. 


‘Transactions, Am. Soe. c. C. E., Vol. p. 1181. 
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‘MEMOIR or ROBERT BRUCE HOADLEY, JR. 


Committees); American m= Society for Municipal Improvements (Chairman, 

Committee on Water-W. orks); American Water Works Association (Honor- 
ary Member; President 1915-1916; Chairman, ‘Committees on 1 Private Fire 
Protection; Electrolysis. and Electrical Interference; and Water Quality and 
Water Treatment; reemeguenrs on Collection of Material and “ Manual of 

- Water Works Practice”; and Committee on Diven Memorial) ; American — 
Society for Testing Materials (Committee on Cast Iron); American City 

Planning Institute; American Electrochemical Society; National Conference 

on City Planning; National 1 Municipal League; International City Managers 
Association ; American Committee on Electrolysis (Representative of Ameri- 
ean Water Works Association) ; American Committee on W orld wit Con- 


City of New York; Association for ‘the Adv of ag 


and American Academy of Political and Social Science. He was also an As- 
econ Member of the American ae of Electrical Engineers, and a 


_ Mr. Hill was a member of the following non-technical organizations: 
American Child Hygiene Association ; ‘National Economic ‘League; National 

_ Geographic Society ; Metropolitan Museum of Art, New York City; Merchants — 
Association of | New York ‘City (Committee on 1 Sanitation); Bergen 


County, New Je ersey, Chamber of Commerce (Executive Committee) ti ‘ 


| Club_ Citizens Guild of Washington’s Boyhood | Home; 
«Univ versity Club, New York City; New York Railroad Club; Southern me 
land Society ; Manhattan Club; Pequot Yacht Club; Old Colony Club; Brook: 
lawn Country Club; Fairfield County Hunt Club; Longshore’ “Beach: and 
Country Club; ; Alumni Association of Stevens Institute of Toohail and 
Delta Tau Delta Fraternity. 7A ac 


Mr. Hill died in New York City ‘on October 18, 1936. He is surv 


_ his widow, Florence (Acheson) Hill; a sister, ‘Mary (Hill) Mills; and ea 
: children by a former marriage, Nicholas Snowden Hill, TI, and Isabelle a 
Mr. Hill was elected a Member of the Am American of Civil Engineers 
ROBERT BRUCE HOADLEY, JR., M. Am. Soe. Cc. 


Robert Bruce Hoadley, | Jr. Was born at on March 2, 
1879, the son of Robert B. Hoadley and Harriet (Rood) ‘Hoadley. = 


a a a. Memoir — by John A. Giles, Esq., Binghamton, N. 
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ras MEMOIR BRUCE HOADLEY, JR. 
famil removed from to Binghamton, N. Y., where’ he attended the 
schools. After his graduation from the Binghamton Central High 
- School, he entered Union College, at Schenectady, N. Y., from which he was 
Br] graduated, in 1902, with the degree of Bachelor of ‘Engineering. — id ee 
During his summer vacation, previous to graduation, he was employed by 
the United States Geological Survey. In 1902, he entered the service of the _ 
_ Western Maryland Railway Company as Topographer, and continued as Resi- Ree 
dent Engineer and Locating Engineer on its lines in West ‘Virginia and 
se, In the first s six months of 1907, Mr. Hoadley was employed by the Western e 
; ‘Pacific Railway Company i in char ze of its Drafting Office on 400 miles of new oe ae 
construction in Nevada. In the latter part of the same year he was engaged — 
by the Ely (Nev.) To Townsite Company to to take | charge of a eee power sie 


Returning | to his home in Binghamton i in 1 1908, he entered the service of a 


ee until 1917 as Assistant Engineer and First Assistant: Engineer ae 
charge of surveys, design, and construction on highways in Broome and Dela- 


- Leaving ‘the New York State service, after nine years ae its ‘aie 


Department, Mr. Hoadley entered private practice, with an office in Bingham- rie 
ton, , and from 1919 aegis: death, , had continued under the partnership o 


During his twenty years as a practicing engineer, his endeavors resulted 


the design and successful construction and operation of many water and 
X sewerage projects in the development of West Endicott and Johnson oe 
for the Endicott Johnson Corporation, in neighboring villages in the territory — 

of the . Binghamton District, in adjacent counties of Pennsylvania, in sub- 
‘ ‘division work and in the planning of its necessary utilities in New York 
and Florida. He was also employed by the J. G. White Engineering ‘Corpora 
4 tion for a period of one year, in 1927-1928, in a comprehensive sewerage oe . 
disposal design for Bogota, the capital of Colombia. 


sits, 
His endeavors were not entirely confined to his private interests, for he 


i served as as a member of the ‘City Planning Commission, ‘Consultant for the 
‘Traffic Committee, and as a member of the Committee for the Rehabilitation — 
the Water-W Vorks, in his own community—the City of Binghamton—for 


q 


«His career was notable because of his interest in the younger 1 members of 


profession and his helpfulness in ‘promoting their progress and “success, 
his fairness and ethical dealings in his engineering contact with others, and ys 
_ a rare sense of humor and human understanding which endeared him to his fle 


i i 1909, Mr. Hoadley was married to Florence rom Tones, of of Burlington, 


ers 
e.] He was killed on Christmas Day, 1937, in an automobile accident in Jack- 


sonville, Fla., where. he had gone for a holiday visit t to his daughter, 
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Richard (J ane Hoadley) “VanKleeck, who with two grand- children, and two 


sisters, Mrs. Agnes Tay, and Mrs. Eugenia Comstock, survives him. 
= Me. Hoadley was elected a Member of the American ret of Civil En- i. 


RICHARD FREDERICK HOF FMARK, M. Am. Soc. C. E.! 


Diep NoveMBER 29, 1937 
H 


and Mare 


the Middle Ww est, Mr.  Hoffmark attended at 

_ Ind., where he was active in athletics, particularly football, and was graduated 
with ‘the » degree of Bachelor of Science in Civil Engineering in June, 1906. 
Youll On June 18, 1906, immediately after his graduation, Mr. Hoffmark =e 
appointed a Rodman in the serv ice of the Isthmian Canal Commission. He — 

arrived in Empire, Canal Zone, and reported for duty on June 2 25, 1906. On j 
1, 1906, he ‘was appointed Levelman. He was transferred from the 
" ‘ulebra Division of the Isthmian Canal Commission to the ‘Panama Railroad t 


28, 1907, and was promoted to Levelman II, on nm July 1, 1907, to 


; Instrumentman « on February 1, 1908, and was again promoted on oi 


_ 5 1, 1908. He resigned from the service of the Panama Railroad on June 6, 
During this period Mr. Hoffmark | received the groundwork of varied 


construction experience that was to stand him in such good “stead in later Sf, 
_ years, for he also held positions as Foreman in the Bridge and Building y 


Department and Supervisor of Construction in the Roadmaster Depa oa 
of the Panama Railroad, and thus early gained wide, practical « experience. x3 
It was at this time that Mr. Hoffmark established a friendship that was to : 
“be lifelong, with Ralph Budd, M. Am. Soe. C. E., who was then Chief Engi- Si 

May, 1910, he couneiiil: to te United States to accept a position as m1 
and Resident Engineer on the construction of the Oregon Trunk 


Sete in Central Oregon, under Mr. Budd, who was then Chief Engineer 
of the Oregon Trunk Railroad Company. _ Mr. Hoffmark worked directly — 
the late J.C. Baxter, M. Am. Soc. was then Mr. Budd's 


married to Helen Slifer, of the late Hiram J.  Slifer, M. 

re E. (who was formerly General Manager of the Panama Railroad, and later . 
a Lieutenant Colonel with the 21st Engineers, United States Army). ce 
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E “Mr. Hoffmark had of all general road onl bridge building ow 
‘the District, and the maintenance of the same. This included locating and — 
‘staking trails in winter, for the use of dog teams, chiefly in -earrying the 
‘mail, those on land being constructed with some effort for permanency. — His ; 
work with the Alaska Road Commission was very valuable and was seared 

by at least one promotion during his short period of service. 
ble November, 1912, Mr. Hoffmark made a connection that was to last for 


“nearly: twenty years, for at that time he joined the staff of Guthrie, McDougall 
and Company as a Field Superintendent in charge of the construction of 


railroads, tunnels, bridges, and irrigation canals. 


Tn July, 1916, Mr. Hoffmark was called to the Western Office of the Com. 
_— which had become A. Guthrie and Company, Incorporated, to assume 
the position of Western General Superintendent, i in n Portland, , Ore. Bm The firm 


See. field of activity. ‘Nemes: the Far West i in general and ‘the Pacific 
a Northwest in particular. — His work was as broad in scope as the territory 
which he covered. For the next sixteen years he was the Contracting Execu- 
3 tive responsible for the preparation of proposals and the construction of mil- 
4 Jions of ‘dollars worth of all kinds of Projects, including railroads, highways, 
types ward all of ‘which ‘their to his ever- 
broadening practical knowledge of construction in all its phases. 
_ Notable among the projects that were constructed under - Mr. Hoffma rk’s a 
active direction during this period were: The West Okanagon Valley Irriga-_ 
tie project, in the State of Washington ; a 4-mile section of the Hetch 
Hetchy water supply tunnels, in - California; the Cushman Dam and Power- 
‘House for the City of Tacoma, Wash. ; Echo Dam, near Ogden, Utah; the 
-Leaburg hydro-electric project, Oregon; several large paper mills; and 
November, 1925, A. Guthrie and Company, Incorporated, was awarded 
the contract for the construction of the new 8-mile Cascade Tunnel for the | 
Great Northern Railway Company, 90 miles east of Seattle, Wash., with - the 
= provision that the tunnel was to be completed and ready for operation in 
three years. This was accepted as a challenge to the spirit of the force that 
was to do the work, and to “ Dick ” Hoffmark fell the vital task ‘of leadership _ 
in the field. He moved directly to the site of operations and remained on 
gy the ground almost constantly during the organization period, which lasted 
More than a year, planning and directing the work which had to 
} on a high- -speed schedule never before equalled or even approached in the > 
field of tunnel driving. Newa and untried methods were devised and put into” 
operation, modern equipment which has since become ‘standard, was was developed 
a for the work, and for three years almost to the day the crews kept up their 
_ incessant rounds of drilling, blasting, and mucking, imbued with that spirit — 
of creative workmanship and forceful action so well en by the man 
under whose active direction they were working. 
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the work of his Company’s ie on a large tunnel contract for the Cerro de 
Paseo Copper | Corporation. ‘This work also included a sizable ‘Failroad Toca. 


= and, in in 1928, to the rm Peruvian. Andes 


The construction of the 100-mile extension of the Great Northern Rail- 
from Klamath F alls, Ore., to Bieber, Calif. was the last job handled 
by Mr. Hoffmark for A. Guthrie and Company, Incorporated, and upon its 
completion in the spring of 1932 he resigned his position with this firm and : 
Dt accepted ana appointment as Assistant to the President of Carey, Baxter orl 
i _ Kennedy, of New York, N. Y. He had direct charge of the building of a 
. Outside Bowl, on Long Island, for the Madison Square Garden Corporation. — 


Fy ‘ In the spring of 1933 he was made General Manager for Woods Brothes 


Construction Company, of Lincoln, Nebr., , and had general — of 


As Engineer i in the fullest sense of the w Dick Hoffmark was 
as an unusually able student of construction in all its manifold phases. En- 
vi dowed with rare analytical ability, he supplemented this with a knack for 


"practicality i in his work that was s founded on a broad understanding of cn ‘i 


with him, and is regret to construction men of both 4 
high and low degree throughout the United States 
a the time of his pairs he was a member of the Nebraska Engineering 
ae He is survived by his widow and one daughter, Helen Jessie Hoffmark. ait 
- Mr. Hoffmark was elected an Associate Member of the American Society — mr: 
of Civil Engineers on March 5, , 1912, and a “Member on December 16, 1929. 
tomas HERBERT JACKSON, M. Am. Soc. C. 
Th homas Herbert Jackson, the son of Noah W. and Pauline (Adams) 
J ackson, was born at Westmeath, Ont., Canada, on January 18, 1874. He - 
“was descended from early Colonial stock, his forebears having settled in the 
— Colonies p prior to the Revolution. He was as brought to the United States by - 


Memoir the of Major General E. M. Markham, Cht. ot 
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a : mer dredging, and similar work on the Missouri and Mississippi Rivers. He held 

thic nosition until hic death at hic home in Lineoaln an ovembher 99 1027 
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He Grammar School and High School, in Muskegon, Mich. "When 
the local Congressman consulted the Principal of the High School concerning — ia 
an appointment to the United States Military Academy, at West Point, N. Y., : 
_ the Principal gave it as his opinion that young Jackson had the best mind — 
jn the school. He was selected for the appointment and entered the Military 
q _ Academy as as a Cadet on June 15, 1895. i: He was graduated Number Six in Se 
ges and appointed a Second Lieutenant of Engineers on February 15, 1899. an 
Lieutenant Jackson’s first assignment was as Assistant to the District 
Engineer, at P ortland, , Me. ‘He ‘completed the course at the Engineer School 
; of Application, at Willets Point, N. Y., in 1902. In 1903, he went on foreign 
service in the Philippine Is Islands, where he was on duty as Engineer Officer, 
Department of the Visayas, at Iloilo, and performed duties pertinent to the 
7 establishment of the Military Post of Fort William McKinley, until August, 
<p 
—— Returning to the United States, Lieutenant J ackson was stationed with 
‘the 2d Battalion of Engineers at Fort Leavenworth, Kansas, and having a : a 
promoted to the rank of Captain, he was appointed District Engineer of the » 
Third | San Francisco (Calif. ) District, in 1907. During his 4yr tour in fee 
_ San Francisco he formulated the plans for the Sacramento River Flood Con- _ 
trol Project which i is now (1937) nearing completion, at a cost of $50 000 000. yr 
: The original plan for this project is is still referred to as the J ackson Plan. oi a “ 
F It provided for the utilization of a system of by- “passes in addition to levees Pie 
- for the control of floods. In this respect, it is a . prototype of the plan later 7 
adopted for control of floods on the Mississippi River. Subsequently, for eo 
. the period 1911 to 1917, Major Jackson was assigned as | District Engineer at 
Dallas, Tex., and at W heeling, W. Va. He was promoted to the rank 
Major in 19120 gi 
bye Upon the entry, of the United States into the World War, ‘Mates J sil 
was assigned as Instructor of the Citizens’ Training Camp, at Madison Bar- . 
“racks, New York. In August, 1917, as a Colonel of Engineers, he proceeded 
‘|: France and, in 1 March, 1918, was assigned as Section Rigineer of the a 
vance Section, Services of Supply. After holding various important posi-— 
tions in the Services of Supply, he was assigned on Jan 6, 1919 as Engi- 
ot Supply Officer of the American Expeditionary Forces, at Paris, France, 
and, in Suly, was made Chief Engineer Officer of the American Expeditionary 
Forces. Colonel Jackson was awarded both the Purple Heart and the Dis- 
tinguished Service Medal for exceptionally meritorious and distinguished — 
Services in these various positions. He was also an Officer of the Legion of 


| bene France; Commander, Order of Leopold II, Belgium; and had received 


“ant Colonel and after : a a tour on s supply duty in the Office of the Chief of 7 


Engineers, at my D. C., he to Tlinois, 
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grade” of Colonel, he was ‘assigned as Instructor of the National Guard at 
Kansas City, Mo., but remained on this duty only + a few months before pro- 
ceeding to San Francisco as Corps Area Engineer. In 1926, Colonel J ada? 
was: assigned as Division Engineer of the Pacific Division, which assignment : 
“was s followed by a a short tour in New Orleans, La., as Division Engineer of ae 
‘the Gulf Division. In 1928, he was appointed President of the Mississippi _ 
River Commission and Division Engineer of the Western Division, of the 4 
Engineer | Department. - Tle had the distinction of being the first Army Officer 
- to be so appointed under the new plan of organization established in 1998, 
appointment carrying with it the rank of Brigadier General. 
; i It was in the position of President of the Mississippi River Commission 
- that General Jackson rendered his most outstanding service to his country. — 
. He personally - established the organization for doing the work | on the Mis 
; -sissippi River provided for in the $300 000 000 program approved by Congress — 
in May, 1928. About one-half this program was completed during his 4-yr Ma 
iri Upon completion of his assignment on the Mississippi, he : was appointed — 
Division Engineer, South Atlantic Division, _ which post he held for two years, : 


General Jackson returned to San Francisco, in 1934, as Division Engineer, 
South Pacific Division, and President of the California Débris Commission. 


“ - This was his third detail on the Débris Commission, and he became recognized 4 

oe as a high authority on all phases of hydraulic gold mining. He was retired — 


nd on March 31, 1937, on n account of disability incurred in line of duty, and died “1% 


on April 8, 1987, at Tsingtao, China, while en route around the world on the be 


ie was married on August 24, 1912, at at St. — Mo., to Maude Edgar, © 


by the unior Officers of 


‘He was never busy to spare the time to instruct a 


officer in some phase of his work, which would prepare him for : ‘responsib 


In view of his broad experience and keen technical mind, General J ackson is 
was regarded in the Corps of Engineers as its outstanding authority 0 on ‘flood | 


control and organization matters, 
His cit citation for the e Distinguished S Service M Medal was sas 1 follows: : mn. 


of the Division of Construction and Forestry, he displayed untiring energy 
and marked ability in the performance of his important duties. His stupen- 
= task was fraught with numerous difficulties, which he overcame with | 


“noteworthy success, rendering serv signal to the 


Army, 


In writing of his career, General "— lin Craig, Chief of Staff U.S 


‘General Jackson was a loyal, able, and sealous officer, strong in con- 
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OF CHRISTIAN PETER “JENSEN 
ganizing ability, keen initiative, ‘sound judgment, and the capacity for hard 
work. | During his military career of more than forty-one years, he was out- 
- standing in his efficiency and rendered invaluable service to his country dur- | 
ing the trying times of war as well as in peace, and was signally honored in - 
his profession. _ The many commendations of his superiors attest to the esteem 


in which he was held by his —— - His death is deeply regretted” = = 


General J ackson was elected a Histor + ens American Society of Civil 


HRISTIAN PETER JENSEN, M. Am. Soc. C. 


land, Calif, ‘which he was graduated in n 1895, 


__ After a short engagement with the Sanborn n Map ‘Company, | 


“cisco, , Calif., Mr. Jensen returned to Fresno and entered the firm of I. Teil- 


man, M. Am. Soe. C. E., Civil Engineer. Later, the two engineers became 
associates under the firm name of Teilman and Jensen, which association 
‘The practice of civil engineering in Central ‘California at that time p was 
wide and varied in its scope. Of particular interest was the en; engineering g work 
“done i in connection with the location and construction of lumber flumes, log- d 
ing railroads, mountain roads, and irrigation systems. At this period 
he history of Fresno and the San 1 Toaquin Valley, lumbering in the Sierra 


priomaprabeng mountain roads, in great 1 wagons drawn by 12 to. 16- mule teams, 
but larger mills found it economical to float their lumber to ‘the Valley 
by swiftly flowing water in V-shaped timber flumes. 

QP Tn the ‘mountains these flumes clung to the sides of the canyons, crossing 


ravines and gullies on high trestles, and continuing on descending grade on 
tr estles until they reached their destination in the planing mills and lumber 
~ yards of the San Joaquin Valley towns of Fresno, Madera, Clovis, and Sanger. 
The location, design, and construction of these flumes called for high engi- 
neering skill and judgment. In this period, also, there were still being con- 


fe *Memoir prepared by a Committee of the ~¥. Francisco Section, consisting of Henry i 
Dewell and Harold K. Fox, Members, Am. Soc. C. B. 
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jacent ‘counties. In 1900, he was Assistant Engineer on the location survey rh 4 
and the construction of the 54-mile lumber flume for the Madera Sugar Pine — 
eo in Madera County; from 1901 to 1904, he was Chief Engineer of = 
this Company, engaged i in the location and construction of logging railroads . 


industrial and agricultural development of Fresno County and also of ad: 


and related structures; from 1902 to 1917, he was Consulting ee <a 


= ‘allies a large 1 weir across the Kings Rive: er; from 1910 to 1919, he w was as Chief we 4 
Engineer of Reclamation District No. 1 604 on designs and construction e 
levees on the San Joaquin River; he was also, during this period, Chief 


Engineer’ for ¢. Forkner, of Fresno, in the: subdivision and irrigation of 
be From 1909 to 1913, Mr. . Jensen was City Engineer of Fresno; from 1912 to” 


Consulting Engineer for. the City of Bakersfield, Calif., and Engineer 
for the City of Dinuba, Calif., on the design and construction of sewers and 
a disposal systems; from 1912" to 1919, he was City Engineer of Clovis; 


1913 to 1917, City Engineer o of from 1913 to 1919, City Eng 


 neer of Reedley, Calif.; from 1913 to 1914, he also served as Engineer on te 
design and « construction of water-w works for the Town of Strathmore, Calif. ; Sa 

from 1913 to 1919, Chief Engineer of the Fresno Traction Company; and from : 

to 1919, City Engineer for t} for the Town of Fowler. 


rom May, 1917, to January, 1919, Jensen’ with his 
es the late Aisne Martin Jensen,” M . Am. Soc. CO. E., and Mr. J. A. 


Ross, under the firm name of Jensen, ‘Jensen, and Ross, Civil Engineers. ee e 
ie me 1919 Mr. ‘Jensen became ‘County ‘Surv ey or of Fresno County and Chief — 
"Engineer of the Fresno County Highways, for the construction of highways 

under $4800000 bond issue. Mr. Jensen 1 developed the Jensenite Paving 

Process, which was widely used, and eliminated the payment of royalties to. 


private paving concerns, thus ‘saving the | County thousands of dollars. 
satisfactory. service which Mr. J ensen ‘rendered a as County ‘Surveyor is evi- 


de nced by the fact that he was returned to that office every four years and - 


“occupied the office “until his death. 5 


January, 1896, Mr. Jensen was married to Malcolm Baird, of 
: Fresno. _ The two children of this marriage were Katharine and Donald. ‘Six 


years later, in 1902, his wife passed away. In August, 1909, he was s married 
to Bertha Franklin Coleman, at San J osé, Calif. The two children of this 
1A marriage were Elizabeth | and ‘Mary. He is "survived by his widow, Mr 


Bertha Franklin Jer ensen, and by three of his children, Donald, Elizabeth, and : 


— 
— structed the large irrigation systems which transfo 
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iphons; from 1904 
duty of water, legal work, and construction of canals Kin County, 
to 1909, he was Chief Engineer of the Settlers 
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"President of the Club of Fresno, of the Fresno Club, 
and of the Fresno Exchange Club. _ He was also an active member of the State 
_ Chamber of Commerce. _ He was Past Master of Los Palmas Lodge, No. 366, 
of the Free and Accepted Order of Masons; Past Commander of Fresno — 
Commandery No. 29, Knights Templar; Past High Priest of Fresno Chapter 
No. 69, of the Royal Arch Masons; Past Patron of Raisina Chapter of the 
; Eastern Star, and also of the Royal Order of Amaranth; and Past-Pr President 


Mr. Jensen Ww elected ¢ an Associate Member of the American 


Josiah Raymond J ohnston was born on February 18, 1890, Ottawa, 
Kans. the son of Josiah K. and Nancy Jane J. His education was 
begun it in a the Grade School, at ig and w was in n the Grade School 
‘State College, at Towa, a degree of of in Civil 


at t Fort Snelling, Minnesota, and in “July commissioned as First 


in the Corps of Engineers, United States Army. Tn October, 


1918, he wen promoted to the grade a Captain, He commanded 


in service the 88th in France. He was honorably 
discharged from the Army as a Captain in August, his wer 
Serv ice having been with the 313th Engineers. a 
August, 1919, to ‘April, (1923, he was engaged as a a Drainage 
Engineer in private practice in Southern Minnesota and, later, as an Engineer — 


and as a Consulting E ngineer on drainage, paving, and sewer work, with — 


headquarters at Slayton, Minn. aff nth. 28 “Yaa ay 
ean April, 1923, he accepted the position of Assistant Superintendent, and — 


. me December, 1936, was promoted to that of Superintendent, of the Bureau 
¢ of Construction and Repair, Department of Public Works, at St. Paul, Minn. 
Except for the period from June, 1934, to February, 1936, Mr. Johnston’s 


*Memoir prepared by William N. Carey and M. Shepard, Members, Am. Soc. 
C. E.. and George M. Garen, M. Am, ‘Soe. Cc 
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is death. *F rom Ju une, 1984, to February, 1936, he served as an ae) 
‘ea Agent for the Division of Investigation, Federal Emergency Admin- 
istration of Public Works. This work included engineering investigations 
construction m projects in 1 Minnesota, North Dakota, South Dakota, Nebraska, . 
_ Washington, Oregon, Idaho, and Montana. ‘He resigned from the Public *, 
in Works Administration i in February, 1936, to return to city service in St. Paul. i 
During the thirteen and one-half years of Mr. Johnston’s service with the 
of Public Works in the City of St. Paul, his embraced 
phases of municipal construction. “He personally directed the - 
struction of several difficult sewe sewer and paving projects” done by city “forces. 
r : He also supervised the engineering inspection of contract work, sewers, pave- ge 
a ments, street widening, grading, ete., totaling more than $10 000 000 in value. 
7” For several years, in addition to his’ other duties, he was responsible for the 
- maintenance of all graded but unpaved streets and alleys in the city—about — 
450 miles in all. In connection with moe work he | yen a leader i in the 


‘3 


— 


prevailed to one closely approaching the ‘all-year- smoothness pe use- 
er Mr. Johnston possessed, to a most unusual ree the faculty for meking A 
friend . He was affectionately known to all by his Army nickname, “ Josie.” 4% 
never t too busy to listen to the troubles of others and help ‘them if 

_ possible. — People of all walks of life from ‘State and City officials to the 
iest laborer who came in contact with him felt and quickly appreciated 
‘the real warmth and sincerity y of his friendliness. He seemed, too, to have 
- some secret password directly into the affections of little children and dogs. 
sports—hunting golf particularly—and the society of men 
oy Fors many years before his death Mr. Johnston put much of his time and — 
energy into the activities of the | e engineering organizations of his City and = 


Societies and Secretary Treasurer r of that organization, which. office he 


—- Past Commander of Highland Park Post of St. Paul, and was much 


interested in American Legion welfare activities. 
On June 29, 1918, he was married to Louise Whitney, of Slayton, bes = 
survives him. They had no children. 


was was an active member of “American 


Johnston was elected a Member tl an Society of C 


simple, road-oil treatments to various types of low cost, secondary 
a 7 2 asphaltic pavements. To him, more than to any one else, should be given 
- : ss the eredit for transforming with little money, the unpaved streets and alleys 
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IED Tox 8, 8, 1937 


father, Edward 
allasch, lived on a but was a by ‘wade. 
Wi infred Kallasch was graduated, in 1902, from the University of Ne- 


braska, | at Lincoln, Nebr., with the degree « of Civil Engineer. ‘His first work ; 
after leaving the University was with the Chicago Great WwW estern Railroad 

‘Company as Masonry Inspector of concrete arches ond: ‘This 

. work lasted only a short time, and in October, 1902, he went with the Illinois 

Central Railroad Company, in the Bridge and Building Department, as 
Masonry Inspector, being promoted later to the position of Resident Engineer 

: on the construction of a 280-ft draw-bridge over the Yazoo River, at Yazoo, 7 

- Miss. While with the Illinois Central, he designed and built a temporary — 
a lift- bridge for maintenance of traffic during construction, and was then made 
2 Assistant Resident Engineer on the Tennessee River Bridge. _ Following this 

- engagement he was transferred to Memphis, Tenn., as Assistant Engineer in — 

_ general charge of the construction of concrete arches, abutments, and nd bridges 
rs Southern Lines. From February to November, 1907, he was with the 
= Construction Department of the Illinois Central System as Resident Engi- 
on double- track at Memphis, this work including bridges, and 

In November, 1907, Mr. Kallasch left the Illinois Central Railroad saa 

pany for a connection with the Leonard-Martin Construction Company, i 

the capacity of Superintendent of Construction of bridges, viaducts, 
warehouses. For a short period, from December, 1908, to June, 1909, he was 


with the Missouri Pacific Railway Company as | Resident Engineer on the 
reconstruc tion of the Arkansas River near Ark., two 


In June, 1909, he Leonard Construction Company 

- General Superintendent of Construe tion on reinforced concrete for the Union = 
Passenger Station, at Gary, Ind.; grade-crossing - track elevation for the * 

— Central Railroad Company, at Chicago, IL; the Mulnomah Hotel, 

at Portland, Ore.; the plant of the Corn Prodatte Refining Company, at _ 

Pekin, Ill.; the “Soo” * Line Freight Terminal, at Chicago, consisting of a 

on an ated reinforced concrete structure « covering elev en city blocks, 

, as well as buildings and other facilities for the rapid handling and storage © 

of ‘freight ; and in charge of the construction and field engineering on a sinc ; 


ore- -reducing and sulfuric acid. plant for the Mineral Point Zine 


— 


by H. B. , Bushnell, Viee- -Pres., Western-Austin Co., Aurora, 
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v MEMOIR OF FRANO! HOWE KENDALL 


accept the position of Engineer and Executive Officer in charge of operations — 
for the Illinois Hydraulic Stone and Construction Company, at Elgin, Tl 

_ He had been interested in this ‘Company since 1906, but until 1914 had 7 

- yoted very little of his time to its operation. _ While with this Company he 
built concrete roads, municipal improvements, , factories, buildings, and ware- 

houses. From May, 1917, to April, 1918, he returned again to the me 
~ Construction Company, in Chicago, as General Field Superintendent on the 

: Donnelley Building and the Chicago District Station of the Sinclair Re 
Company; t the plant of the Ocean Company, at 


‘ Explosives Plant “C”, for the United States Goveniatn, at Nitro; W. Va. 
this plant costing degecniaaieily $7 000 000. After the ¢ completion of an 
“ta war work, Mr. Kallasch remained with the Leonard Construction Come 
as General ‘Field in charge of the construction of 


Elgin, as Vice- President, which he held at 


_ On December 5, 1914, Mr. Kallasch was married to Cleo F rances Burtis, of | 
Hudson, Tl. , and is survived by his widow, a brother, Ernest Kallasch, a 


Tacoma, Wash. ., a sister, Cora Kallasch, of Centralia, Wash., and a niece, 
was a engineer and constructor, a hard worker ‘and an ex- 


Civil hilar on May 6, 1914, and a Member on March 11, 1919. we a 


aerial HOWE KENDALL, M. Am. Soc. 

in Belmont, Mass., on August 23, 1 1869, Francis Howe Kendall’ 


tained his residence in that town throughout his ‘life. ‘His parents were 


Josiah Shattuck and Martha Helen (Wellington) Kendall, both of whom were 
descended from families that were among the first to settle in what was 
originally known as Plantation,” later included in the Towns of 


a <i osiah Kendall was a farmer, and, as might be expected from one of of his 
ancestry, he had a high sense of personal obligation to his home town, and aA 
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er 
the School Committee, feeling of duty to the com- 
munity, which New Englanders like to consider as typical of the best of 
the founders, was an especially marked characteristic of Francis Kendall, 
who devoted practically all his mature life to public service, , especially to the 
County of Middlesex, by which he was employed, and to the Town of Belmont, 
Francis Kendall at attended th the public schools at Belmont. After graduation 
from the High School, in 1885, he decided to study Civil Engineering, and 
entered the Case School of Applied Science, at Cleveland, Ohio, where he 
ia remained for three years. In 1888, he entered the j junior class at Massa- 
4 chusetts Institute of Technology, at Boston, Mass., “3 | and was graduated with 
the Class of 1890. During the following year he was Assistant to the Pro- 
fessor of Railroad Engineering at the Institute. re 
Pe _ From June, 1891, to November, 1892, Mr. Kendall was Assistant Engineer 2 


“Ohio. In 1892, he became Assistant Engineer under the late Charles Mills, 
then Engineer of Middlesex County, Massachusetts, ‘and upon Mr. Mills’ resig- 
nation Mr. Kendall succeeded him as County Engineer, on July 1, 196, and © 

be As County Engineer, Mr. Kendall’s duties w were pr imarily to paths ie 

County Commissioners on all technical relating to roads, dams, 
_ bridges, and buildings. In many cases the construction or reconstruction was 7 

by joint action of county, State, and town, and proper co- -ordination of — = 


of the greatest importance. The highway system within Middlese: County 


was developed g greatly during | his term of service, and a large part of of the — 
improv ement was accomplished as a result of his wise “counsel, patience, 


tact, as well as sound | engineering judgment. Dams within a county are _ 
under the supervision of the County Commissioners, and under Mr. ‘Kendall 


: advice the Commissioners required repairs and changes in ‘such structures 
from time to time to effect a greater degree of safety. No such structure 
under his supervision ever failed with resulting loss of life. Bridges were 
a rebuilt, repaired, or replaced, to provide adequate strength and, at the same 
time, to secure a pleasing appearance and avoid unreasonable expense. Mr. 
Kendall was not a bridge designer, but his adv rice and assistance resulted in 
obtaining structures which bear evidence of his ‘good judgment. Plans of a ‘ada 
: _ location, approaches, grading, sewers, and drains for county buildings, such © 


a8 court houses, correctional institutions, hospitals, ete., were prepared by | 

him and utilized in the construction, alteration, and repairs of such buildings. | 
f _ Mr. Kendall served the County Commissioners as Secretary as well as 

Engineer, and, finding that a considerable knowledge. of law was essential to’ 


3 his work, he took a correspondence course in law. _ This, and the experience 


in such legal matters as he acquired in in the course of his duties, resulted a .@ 
his becoming, as some lawyers have | stated, probably the best posted man 
- ‘the State on legal affairs relating to counties, although he never applied for 
to the! Bar. In under legislative authority, he prepared a a 
' es in “Massachusetts. His duties as as 
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MEMOIR OF THOMAS HENRY KING 
the preparation of estimates “aw receipts 
submitted annually to the Legislature for the county budget; the preparation poe 
of bills for legislative action; the submission each year to the Clerk of Courts ‘ 
of a detailed order er assessing the expenditures of maintaining the Middlesex — 4 
’ County Sanitarium upon the communities making up the hospital ‘district; 
= and the preparation of legal briefs and returns relating to county highways i 
ie record of Mr. Kendall’s service to the Town of Belmont is an ap ot 
pressive one, the more so because most of it was rendered as a civic duty, and Ad 
- without financia al re ecompense. . He served twelve years as _a member of the 
Board of Water Commissioners, and ten years as Selectman. For years, he i 
if was a member of the “ Warrant Committee ”—the town’ 8 budget committee— 


" = he also served on n ten 0 or twelve ‘special committees. There was was no no citizen 


its as a “town n of homes. He was one e of a a that. 


= real estate trust and 1 developed an area with such restrictions and on such 


=, = q a] plan that it would benefit the community, + without regard to the ques 


e question of 


fifteen He was also a Director of the Waverley Co- Bank. 


Modest and somewhat retiring by nature, Mr. Kendall was not a man 


push himself into public notice, or to — the credit for accomplishments _ 


Bene be pointed wk as examples | of | his skill and ability as an engi- 
"eer; no great reform « or notable achievement as a public official can be claimed _ a 
. His life was made up of a multitude of comparatively 
ni the aggregate of which constitutes an inspiring 


saaale of what a man can do and be in his own community, through years of 


a of the Society ‘of ‘Civ il Engineers, and the 
Mr. Kendall was elected a Member of the American Society of Civil 


THOMAS HENRY M. Am. Soc. C. E.! 


= Died EMBER ER 8, 193: 


on July 29, 187%, the 


son of Thomas Harmon and Ann His early education — 
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- MEMOIR OF THOMAS HENRY KING 


receiv ved in the | public schools and in School 


Baltimore. if ib 1896, he entered Johns tfopkins University, at Baltimore, — ee 


E pe In 1898, Mr. King entered the employ of a general contractor in Balti- 

“more and served, successively, as Draftsman, Estimator, and Office Engineer | 
until | 1903, when bape went into business for himself as a General Contractor — 


int the same e city. _ From 1909 to 1918, Mr. ‘King wa was a a member of the engi- i 


; . In 1913, Mr. King moved to San Diego, Calif., and for a year served Las 
4 Chief Draftsman for D. L. Bissell, City Engineer for the Towns of La Mesa, 
_ El Cajon, and East San Diego, Calif. He next entered the employ of the ; 
City of San Diego as a Draftsman in the € City Engineer's O: Office ce and worked 
on reinforced concrete. design, etc., for a period of about one year. In 1915, 
_ he was employed as an Engineer for H. M. Byllesby and Company, engaged in _ 


ties, in San Diego. mt 


in San County’ In 1916, he entered the of the Volean 
_ Land and Water Company, and from that time until his death he was promi- 
nently identified with water supply and distribution i in San Diego County. 
He served, successively, as as Chief Derafteman, Chief Office Engineer, and De- 
signing Engineer for the Volean Land and Water Company, and, when the 
San ‘Dieguito Mutual Water Company was formed as an outgrowth of the 
—Volean Company, he served as as Chief Office Engineer ‘and Designer » until 
q 1919 for that Company. - During this period the Lake Hodges System was 
b Ramen which included Lake Hodges Dam, an Eastwood multiple- arch 
dam, 133 ft high and 750 ft long; the San Dieguito ‘Dam, also ar an Eastwood 
¥ multiple-arch dam, 50 ft in height and 700 ft in length; 4} miles of concrete 
x conduit connecting Lake Hodges and San Dieguito Reservo oirs; and about 10 
miles of main distribution - lines. This conduit had many eniine: features 
: of design including a 42-in. reinforced concrete siphon and a pre-cast con- 
crete trestle, both designed by Mr. King. At the time it was’ built, the pre- 
east concrete trestle attracted widespread attention. 
From 1919 to 1922 he served as Chief Engineer of the Ed Fletcher Com- 
pany, ¢ of San Diego, and in that capacity he was Engineer in n charge | of the 
lean Land and Water Company, a 


-Cuyamaca_ Water Company. . As Engineer for the Volcan Land Water 
he had charge of certain water supply studies covering practically 
all of San Diego County. It was during his association with tne Cuyamaca 
Water Company that “Murray Dam, an Eastwood multiple- arch dam, 112, ft 
= and 900 ft long, was : constructed for the Cuyamaca Water Company. rie 
1922, when the Volean Water Company was dissolved, until the time 
his death, Mr. was engaged | in the private practice of 
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‘MEMOIR oF “WILLIAM “ALFRED 


- 4 in water supply and irrigation. also designed and 
: constructed, from 1927 to 1929, more than $2 000 000 worth of public improve- — o. 
ment work, including ‘municipal improvement, highways, and sewers. He 
was associated in some capacity at one time or another with every Irrigation 3 
_ District in San Diego County, and served as Chief Engineer of the San nn 
‘ Dieguito Irrigation District, Lakeside Irrigation District, San Ysidro Irri- 
a: gation District, Ramona Irrigation District, and La Mesa, Lemon Grove and 
Spring Valley Irrigation District, all located in San Diego County, and the 4 : 
Niland Water District, in Imperial County, California. _ As Chief Engineer, — 
he designed and constructed the principal works of the following irrigation — 
J districts: San Dieguito, Lakeside, Ramona, and La Mesa, Lemon Grove and a 
Spring Valley. ‘The work ranged in in cost from a $35 000 bond issue for the 
_ Lakeside Irrigation District to a $2500000 bond issue for the La Mesa, 
Lemon Grove and Spring V alley Irrigation District. In 1931, he designed ae 
and constructed the first unit of a water development on a 4000-ac -acre ranch 
: on the Sweetwater River, in San Diego County, owned by Mr. J. W. Sefton. ~ 
9 It is generally recognized that no one person had a more ‘thorough knowl- f 
edge of the water supply problems ir in San Diego County than Mr. King. He es . 
c made water supply investigations on the following streams and their tribu- [| 
- taries in San Diego County: San Luis Rey River, San Dieguito River, Santa : Mg 
Ysabel River, Santa Maria Creek, San Diego River, Sweetwater River, Otay 
R Creek, Cottonwood Creek, and the Tia Juana River. The decision ry 
_ City of San Diego t to build El Capitan Dam instead of a dam at Mission y ; 
Gorge No. 2 site, on the San Diego River, was due largely to studies of oo 


= 


in the Rotary Club | of La Mesa, and, later, at Sen Diego. q Fraternally, 


4 highly esteemed by those who knew him as an “upright sibiints a man of high eo 
- ideals, a true friend, and a competent engineer. In his passing the Engi- 

a neering Profession loses an honorable member and a strong character. ‘se es 
He was married in Baltimore, on October 30, 1901, to Mary Edna Bedford, i 


‘Mr. King was elected an Associate Member of the American | Society of 

Civil Engineers on June 19, 1922, and a Member om 


ALFRED LAMB, M. Am. Soe. C. E.! 


: bow Diep Fesavary | 9, 1938 lf 

7 ‘TE ‘William Alfred Lamb was born on December 16, 1881, near Hillside, Colo. 
His. father, Joseph Milton Lamb, born in North Carolina in 1836, was a “ah : 


~~? Memoir prepared by A. H. Tuttle, Esq., — Mont., and C. 8. Heidel, M. Am. Soc. x j 


assisted by N. C. Grover, M. Am. Soc. C. E wire Ww 
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dayer, in 1864, bandit, “murderer and @ assassin. 
He was married to Elizabeth Cantonwine, who went to Colorado with her © 

"parents i in the days of the ox-team prairie 
- William Alfred Lamb attended grade schools at Hillside and was gradu-— 
ated from the Hillside High School in 1897. _ He entered the Colorado State 

- Qollege, at Fort Collins, Colo., in 1898, and was graduated in 1902 from the 


Civil and Irrigation Engineering Division the degree of Bachelor 


Science. ‘He taught mathematics at the College for one year ve 


He entered the United States Reclamation Service as Hydrographer, in 
- at which time it was a branch of the United States Geological Survey. ‘ 


. Over a period of six years, Mr. Lamb’s work with the Geological Survey was > 


although generally related to water, and took him into many 

oh States. In 1909, he was appointed District Engineer for the Helena District © 
a ‘of the Water ‘Resources Branch of the U. S. Geological Survey, and, thereafter, - 

L Helena, Mont., was his home. His duties as District Engineer included the 

_ ecution, direction, , and supervision of investigations and reports concerning 
‘and its ‘utilization, in Montana, North Dakota, and 
Dakota. He became a recognized pencnendiagl ‘te surface waters of those 


he was s the trusted pres iser of the ‘State and State offi- 
" + Mr. Lamb represented the United St States in the division, between Canada — 
and the United States, of the international waters of the St. Mary River and 
- the Milk Riv er and their tributaries. His pleasing personality, his unques- 
-_ tioned integrity, and his conscientious attention to official duties won for him 
the respect and eunliien of all interested parties on both sides of the Inter- 
Boundary. These qualities: won him a host of friends throughout the 
United States and Canada who mourn his ‘untimely passing. 
’ _ On December 16, 1932, he was appointed by President Herbert Hoover as 


? 


& Special Representative of the United States in negotiations between the 
- States 0 of Montana and Wyoming relating to a proposed compact for the di- 
_ vision of the waters of the Yellowstone River. a 

Nes A Joint Report by Mr. . O. H. Hoover, re presenting Canada, and Mr. Lamb, | 
representing the United States, on International Forecasting and Apportion- __ 
. ment of Waters by the United States and Canada in the St. Mary and the 
Milk River Drainage Basins, based on the snow surveys on the International 
g Boundary, was presented at the World’s Conference on Snow Studies i in Edin- - 

q __ Among those who feel the loss of Mr. Lamb most keenly are his deleted 
- in the office of the U. 8. Geological Survey, in Helena. They knew himasa 
friend taking a conscientious interest in their welfare. pr) 
wa was a 1 member of the Helena Lodge of the Benevolent | and 
Ki Lodge N Ho. . 9, » A. ‘A. and A. M; Past High 
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"Priest of Helena Chapter No. 2, R. A. M.; Past T. I. . Master of Helena Onl 


— No. : 1, R. and S. M.; Past Commander, Helena Commandery No. 2, oe 


= 


Templars; a member of Helena Consistory, Thirty-Second Degree Scottish 
Rite; St. Peter’ ’s Conclave No. 8, Red Cross of Constantine; Algeria Shrine; : 
ee: Mr. Lamb was a delegate to the 1927 meeting of the “American Legion at 
‘Paris, France, and to other national 

He was a Director and Past-President of the Montana Club; a Past- Presi- ¥3 ‘ 
pe of the Helena Federal Business Association ; and a member of the . a 

In 1918, Mr. 


of of Coast Artillery in in the “Officers Reserve Corps. "He 
= interest in to the rank of 
a 
‘Surviving him are sisters, — Lamb, Mrs. McGlothiin, end 
Me Martha Adams, and nel brothers, C. A. Lamb, J . A. Lamb, and F. a3 


Mr. a Junior of the American Society of Civil Engineers 
on November 5, 1907; an Associate Member on May 3, 1910; and a Mente 


FRANK PERRY L Am. Soc. Cc. E. 1 
JuNE 


(King) Larmon, was born on “March” 2, 1878, at Salem, N. Y. was 
a Hugh Learmouth (the name was later changed to Larmon), the first of 
family to come to America, was a native of F alkirk, Scotland. ‘He came 
.. to the United States in 1772, and, » i while yet a young man, was one of the 
pioneer settlers in Cambridge, married Catherine Laurier, 
Dutchess County. Their son, Alexander, and Ruth (Corey) Larmon were 


=o the parents of John. Through the King ancestry, Mr. Larmon was a May- 


flower descendant, tracing direct line to Francis Cook. 
moved to Cambridge, ¥. in 1884, and Frank attended 
lass Cambridge Union School, graduating with the C lass of 1895. He then ¢ 
entered Rensselaer Polytechnic In Institute, at Troy, N. Y., from which & a 
a graduated i in 1900 with the degree of Civil Engineer. 


_ _ Mr. Larmon began his engineering career in September, 1900, as Assistant 


Engineer of of Tludson River WwW ater Company on the reconstruction 
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of Spier Falls 

1902, and from of dint pean year, until 1903, he acted as Assis- 
tant Superintendent on the reconstruction of the Street Railway System of © 
Little Rock, , Ark.; and afterward as Assistant Superintendent on the construc- — 


tion of conduits and the power plant of Paxtang Electric 


as was on n the design ‘construction of 
work. From June, 1904 , to April, 1907, he was Assistant Engineer for the © 
— State of New York on the design and construction of highways and canals — 
; and in charge of tried Canal contracts amounting to more than $2000 000. 
Mr. _ Larmon entered private practice in April, 1907, his work including 
the design and construction of a hydro-electric plant for Salem, N. Y., and — 
the investigation and reports on claims against the State and City of New a 
York for damages to riparian rights and property appropriated. =~ 
From January, 1909, to June, 1913, he was employed as Engineer for the _ 
Lovejoy | Company, manufacturers of agricultural implements. Starting in 
i July, 1913, he served as Assistant City Engineer, of Lowell, Mass., in charge > 
of work the Water _ He then became Chief Engineer of the 


distributing reservoir, miles of distribution mains, a -pipe (50 ft 
80 ft), and three 24-i in. pipe crossings under the Mohawk River and New 
‘York State Barge Canal in silt and quicksand. 
> ie 1917, Mr. Larmon went to Cuba as Resident Engineer on the construc- 


of the electric railway and ocean pier i in 1 Cienfuegos. to 


= 


the outstanding accomplishments being the design and construction 
60.000 000-gal per day filter plant, the installation of 170 000 000-gal pumping — 
equipment, construction of two 120-ton ice ‘plants, with 30000 tons of re- 
s from 1924 until his death in 1937 in water — 
sewage work. He designed and constructed an 8 000 000 
- gal per day filter plant at Fort Pierce, Fla., which work also included the 
"installation of a 1150- hp Diesel eng engine with and the revision of 
_ Water rates. He undertook the valuation of the water plants a at it Wilkes- Barre, 
Pa, and Charleston, a Va. he 
operation of the principal water- plants in 1 Brazil, in South 
By for six years he was the Chief of Engineer for the Midwestern | Division of 
the Federal W ater Service Company, including West Virginia, Ohio, 2 and 
Mr. Larmon was born executive. ile had a practical ‘and scientific. 
knowledge « of engineering ‘Due to his many years of experience 
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MEMOIR OF LASLEY LEE 

- both in the United States and abroad, he was an n authority | on | the design — 

operation of all types: of water ‘plants. He was modest about all his 

achievements. He was always the student—well informed, independent, and 

nd gra ‘gracious to all 


He had and was courteous an 


always a source of pleasure to his friends. He was fond of sports, enjoyed 


hunting and fishing, and all kinds of life. chief recreation 
ae 


of ie Mystic Shrine, at Troy, a “Thirty. 
Degree Mason and a member of the Cambridge Valley ; Chapter, F. and A. M. re 


= was also a member of the | Presbyterian Church 
On June 28, 1904, he was married to Ruth May of Cambridge, 


: N. Y, , who, with two children, Alex Larmon, and Mary Larmon Short (Mrs. 
ohn Winchell), s survives him, together with four grandchildren, Mary Lou 
and John Larmon Short, Charles and Peter Short; one brother, the ie 


Charles W. Larmon; and a niece, Frances Larmon. 


Larmon was” elected an Associate ‘Member of the 
at Civ il Engineers on July 9, 1906, and a Member on June 24, 1916. —— 
LASLEY LEE, M. Am.§Soe.7C. E. 


4 ni 


his pioneer ancestors had settled shortly the War of. 1818.- 
Lasley Lee was born at Carbondale, Pa., on January 2, 1887, the son of the 
Rev. Charles and Myrtie Virginia (Lasley) Lee. He was educated in the ¥ 
_ schools of Carbondale and attended Lafayette College, at Easton, Pa. He was ; 
graduated from Massachusetts Institute of Technology, at Boston, ‘Mass., with 
the degree of Bachelor of Science,in 1910. 
a, May, 1910, Mr. Lee accepted the position of Assistant Engineer in the Bs 
City Engineer’s ‘Office, a at Sioux City, Towa, where he was employed on mu- . 


—nicipal work until August, 1911, when he resigned to accept the position of ‘a 4 

- Junior Engineer in the Water Resources Branch of the United States Geo- = 


Togical Survey, at San Francisco, | Celif. ties 
a _ Mr. Lee was engaged in general stream-gaging ae with the Geological 
Survey until May, 1914, after which he was connected with the investigation : 


_— the Hetch Hetchy Valley as a source of additional water supply for the — 


a Committee of the Central Ohio Section consisting of C. Vernon 4 : 
Shank, Mem- am 


1 Memoir prepared by 

- Youngquist, Assoc. M. Am. Soc. C. E., Chairman, and F. H. Waring and J. R. 
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‘where he ameed until January, 1917, when he was poormanan- to the Tacoma, 
Wash., Office of the Survey. After serving in the Tacoma Office for four ; 
years, his exceptional ability was recognized by his appointment in July, 1921, 
District Engineer of the newly established Ohio District. 
oh The State of Ohio at that time was sorely lacking in n stream- flow dat? 
Recognizing this lack and the great need in the State for this information, — 
Mr. Lee spent the remainder of his life intensively carrying on this work veel 


the result that Ohio became one of the foremost - the States i in the que 


, wl In addition to carrying on this intensive program of establishing — 
stations and collecting and compiling stream-flow data, Mr. Lee was always 
- interested in improving and developing instruments and structures used io 
al detailed in of which he was the author, under the 
title of “ for River 


work. In collaboration with other members of the Geological Buarvey and the 
‘Seteene of Industrial Engineering a at Ohio State University, he dev eloped 
- improved river-sounding reels, wire-weight gages, electric contact tape f 
gages, , stream line sounding weights, and many other instruments and appur-— 
‘used in river- -measurement work. These instruments are now 
general use all over the United States and have resulted in decided i improve-- 
Probably the most spectacular mechanical developments that Mr. Lee 
_ supervised were the power- -driven rigs for obtaining discharge measurements _ 
of the Mississippi River, at Vicksburg, Miss., | and Memphis, Tenn. mn. This 


with a degree of ease and facility which never before was deemed possible. in fe ¥ 
member of the Committee of the Geological Surve ey for Experimental 
W ork cat the National Mr. | Lee wi was active in the ar- 


at ‘These projects include “ Studies of Arti-— 
+ Controls ”; “ Investigations of Cursent- Meter Performance in Measure- 
ments of Velocity of in Shallow Depths’ Calibration of 


ign and County of San Francisco until 1916. Following his California 
ind a 
yed 
om; 
pa) Mr. Lee’s remarkable industry is best indicated by the fact that when he a 33 
came to Ohio only two gaging stations were being maintained in that State 
lge, co-operation with the U. S. Geological Survey; this number he gradually 
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OF ATTILIO FELIX LIPARI 


Water. Supply Paper 492, of Data in Washingteli 
oa Mr. Lee was a member of the Delta Tau Delta (social) Fraternity, Sigma 


xi (honorary) roomed and Masonic fraternities among which were Scioto 


American Geophysical Union, the Faculty Club of. Ohio State University 4 
_ President of the Columbus, Ohio, _ Massachusetts Institute of Technology - 
Alumni Association, and Past- President o of the Central Section of the 
ral He was married on July 11, 1921, to Mable V. Arthur, of Seattle, Wash, by 
ow who, with a son, David, survives him. 
Mr. Lee was a descendant of pioneer ancestors, his great- _grandfather hav- 

ing settled a short distance from Columbus on lend received for service in the - 
of 1812, , part o of “which he donated for the site of Central College. 

Lasley Lee displayed all the rugged virtues of his pioneer ancestry. 
hell He was a hydraulic engineer pre-eminent in the highly specialized work of ie 
his profession. He was an untiring worker, ¢ devoted to engineering and scien- 
ful tific ideals. Personally, he was a staunch and loyal friend loved and admired ; 
9 by his associates. | His death is a severe loss to his friends, to all who had the “2 
a privilege of knowing him, and to the Engineering Profession. . The memory Ny, 
_ of his kindly and courteous nature and genial disposition will always be cher- 
ished by his former associates. tie 
"te Mr. Lee was elected an Associate Member of the American Society of Civil aa 
4 Engineers on March 11, 1919, and a Member on April 18,1927. bate > pe 


ussite ATTILIO. FELIX LIPARI, M. Am, Soc.C. Et 


Attilio Felix Lipari» was Bompietro, Palermo Province, Italy, wits 

-*F ebruary 12, 1890, , the son of Joseph and Maria (Miserendino) Lipari. — Hie 
a mother was active in educational work in - Italy. ey From his parents he in- 
Acer herited the studious and painstaking analytical qualities of mind which were — 
so marked in his later life. sites 
His father came to the United States in 1896 and established himself here. : 
Five years later his family joined him in New York, N. Y., and it was in the 
__ public schools of this city that Attilio Lipari continued his education. He was 
graduated from Stuyvesant High School ; and, in 1909, he entered Columbia — 
University, to study Civil Engineering. He was graduated from Columbia in — 


- 1913 with the degree of Bachelor of Reience j in Civil Engineering. — 


ae. Memoir prepared by Rear-Admiral Frederic R. Harris, U~. S. N. (Retired), M. an. 
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the Chief Engineer—designing, ‘and ‘assisting in n the field, on 


with the New York Central Railroad Company i in: its New York City Office, 


‘4 


; “April of the same year, when he became Assistant Bagineer with the Octagonal [ 
Reinforced Floor Company on the design of reinforced concrete buildings. — : 
~ Sie Lipari was then employed by the Italian Commission which was in the 

— United States, purchasing and inspecting war material, his work as an As-- 
sistant including t the placing of orders, inspection, and shipment of ammuni-— 


_ Army as a private, and was assigned by the War Department to duty with the 
-Ttalian Purchasing Commission . On October - 4, 1918, he was Leman to the a 


20, 1918. was suited for this war because of his 
of the I language and his and 


White of ‘Ree York City, ately went withthe on 

the design of various industrial buildings, and continued with that firm until 

- May, 1921. Two months later, he entered the employ of Mr. C. B. Comstock, 
as Sercctendl Engineer on industrial plants and terminal work of various 


About that time Arthur L. . Bobbs, Consulting Engineer of Chicago, IIL, 
became active in connection with a special type of design for hotel floors and — 
similar r building construction, and 1 opened an office in New York City. Mr. — 
‘Lipari wen went with him and was placed in charge of the structural design ian 
a the New York work. From January to May, 1927, he also did designing work _ 
ith the General | Engineering Management Corporation. all 
In May, 1927, Mr. Lipari was employed by the writer and Mr. Bobbs, who | 
became associated as Consulting Engineers, the former having just been re- 
“tired | by the United States Navy Department. His work for Mr. Bobbs was 
in connection with the structural design of buildings and theaters, and as rere 
sistant to the writer he received his first experience on water-front design 
work, principally graving and floating docks, so that in January, 1928, when» 
Mr. Bobbs withdrew from the association, Mr. Lipari became the writer’s 


nt in charge of engineering design. His n most important: 


Repair Company, in Erie Basin, Brooklyn, N. Y., the largest pulvately owned 
dock o on North Atlantic Coast. "This work involved not only the: 


"erection of industrial buildings. He left this Company in January, 1917, to ) 


tion and supplies. On September 10, 1917, he enlisted in the United States “a 


types, continuing in this position until May, 1925. 
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4 MEMOIR OF ATTILIO LIPARI 
methods of construction of the W. G. Triest Contracting Company 

subways in the Borough of Queens, New York City, a notable piece of work 


a being the special method of underpinning the Interborough Rapid Transit — a: 


and Brooklyn Manhattan Transit Elevated Railroad structures, especially the 
approach to the Queensboro Bridge, 
A, The engineering work of the writer was then taken | over by Frederic : Q 


"Harris, Incorporated, Mr. Lipari becoming Vice- President i in charge of bee 


porated, a management 


work handled by him was the investigation of the the foundations) _ 
. pier, and bulkhead of the assembly plant for the Ford Motor Company, at = 
__ Edgewater, N. J., of which Albert Kahn was the Architect; plant extension for qa 


_ the Todd Shipyards Corporation, in ‘New York, Mobile, Ala., and New Or- . 
leans, La., , including the design of a new ship repair plant: for the same Com-— = 


collaborated witht the writer in with the in 
: vestigations and reports on timber and steel floating dry docks for the Pacific Be 
Coast ; on floating dry docks for various Gulf of Mexico locations, including — cs 


in Mexico; an | investigation of the ‘ship facilities of the aaa 
4 


4 
‘United States; ar an examination ‘report the ‘Port of Havana Docks 
- Company, in Havana, Cuba; investigation of concrete foundation piles for on 
Department of Justice Building, Washington, D. C.; and various other 

1982, 2, Mr. I Lipari, as ice- e-President of the Construction Management 


of th 1e Curtiss-Wright Corporation, in Md., and 
an airplane plant for the Curtiss-Wright Corporation, which, © in modified ty 
form, was eventually constructed by that Corporation for the Chinese Gov- a 
ernment. . He was also engaged on various water-front work and handling _ 
appliances, in connection with timber handling, including that of the J. 0. Pr 
Turner Lumber Company, at Irvington-on- -Hudson, N. Y. 
In 1936, Mr. Lipari went to Lima, Peru, and there, in conference with the oe 
_ Frederick Snare > Corporation, Contractors for the new Port of Callao, investi- ha 
8 gated studies for a g graving dock for the Republic, and prepared outline , plans” 
for such a dock, returning to New York in the fall of 1936, to take charge of a 
ep - the preparation of f more detailed plans, and, , eventually, under the writer, the a 4 
 gupervision of the construction of this dock, Snare Corporat ion, 
which at the time of his death was nearly completed. 
i During this same period, Mr. Lipari assisted and was active in the design om am 
ra ofa a new type of circular bottom floating dry dock, at Seattle, Wash., with a Fs 
ae lifting capacity of 16 000 tons, which was successfully completed in 1937. eo 
ite Shortly before his untimely death, Mr. Lipari had been engaged with the & 
writer on special work for the United States Government in a review and ex- re 
amination of the plans for the new graving dock at Mare Island (California), ie 
4 working c on the « computations and design, and the method of construction ra 


volved; ¢ on a type o of ‘dock under consideration for 
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OF FRANK ALEXANDER R MC INNES’ 
use in the _—— aiian Islands; and on a general review of steel floating docks, 
ah a view to mnigumarveniedan a type of constrnction for a structure of this 
7 Since the end of the World War and with the Naval Disarmament , Agree- 
‘aie United States Government had had no occasion to design or — 
ditional graving docks or floating docks of the largest size, so that, conse- 
quently, on all these structures built or designed in the United States, Mr. : a 
, ‘Lipari had something to do with the design and was among the few exper a 
a engineering €3 experts on this type of f work. Realizing his ability to serve 
his Government in case of. an emergency requiring such assistance, all ar- 
rangement had been made for him to enter the Civil Engineer Corps of the 
a nited States Navy as a Lieutenant Commander in the Reserve. ‘He mod- 
‘estly failed to take advantage of this opportunity, as, although | not a pacifist, 
his retiring nature made him feel that even a reserve military title was some- 
thing h he e did not want in time of peace, , because, a as he stated: “Tf lam am here, — 
and my adopted country needs me, I will then be av railable to. them as a 
civilian or in any other capacity they want me” 
Mr. Lipari was a devout Roman Catholic and a member of the congrega- : 
tion of St. Margaret’s Church, in the Riverdale Section of The Bronx, New - 
- York; a member of the Holy Name Society; and unknown to many of his a 7 
friends, was active i in charitable work in The Bronx. He always believed ~- 7 


f 
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keeping his contributions and assistance to his fellow men a secret. He was 
- modest and self-effacing, almost to the point of timidity. His circle of close _ 
_ friends was small, and he had few hobbies other than that of philately. On 
; this subject he was an expert and one of the few authorities Feng — Ss 


York; a member of the State Society of Professional Engineers; be 
and, until shortly before death, member of the of American 


_ He was elected a Member of the American Society of Oivil Engineers on 


FRANK ALEXANDER MeINNES, M. Am. Soc. C. Soo 
Frank Alexander McInnes, the son of John C. and Rachel J. aaaiall 
McInnes, born on November 27, 1856, in Fredericton, New 
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a ee _ Mr. Lipari is survived by his father, Joseph (83 yr old); a brother, Dr. 7 
the 
the 
for * Memoir prepared by Frank A. Barbour, M. Am. Soc.C. E. 


1836 ‘MEMOIR OF FRANK ALEXANDER MC INNES 


‘ He obtained his early education in the public schools of Fredericton, and a 

ua in the High School of that city he came under the stimulating influence of a 

: ine its principal, George A. Parkin, who later became internationally known as 

_ the Executive Head of the Rhodes Stholarship Fund. In (1874, Mr. McInnes — 

entered the University | y of New Brunswick, at Fredericton, from a he was 2 

graduated with the degree of Bachelor of Arts. 
‘oo His first engineering experience was obtained i in various preliminary and 

] 


ocation surveys in New Brunswick and Maine. Later, he was ‘Engineer in 


Charge of a preliminary survey for a so-called Air Line Railway between 


Boston, ‘Mass., and New York, N. Y. 
In 1888, Mr. McInnes found employment in the Engineering Department ‘ 


of the City of F of Boston and—except for an interval from 1915 to 1918—he con-— 
- tinued to serve that city in various ¢ capacities until his retirement | in 1994, 
+ From 1891 to 1895 he was an Assistant Engineer in the construction of im- 
proved sewerage; ; in 1895, he became Division E ngineer of the Sewer and 
Ss | Water Division of the Public Works Department, which | position he held until 4 
1915. . In 1918, after the separation of the Sewer and Water Divisions, he was * 


made Division Engineer of the Ww ater Division, and continued as s such until 


1924. | From 1915 to 1918, he was employed as Engineer in charge of various 
‘eoredietis of the water system of St. J ohn, N. B., , Canada. _ Noteworthy — 


in his service t to the City of Boston was the ofa high- -pressure 


Mr. McInnes elected President of the New England Ww ater 
Association in 1914 and was awarded Honorary Membership in 1929. 


On his retirement, in 1924, from the maven of the City of Boston, he be- © 
_ came associated with William aR Conard, Assoc. M. Am. Soe. C. E., of Bur 


_lington, N. J., whom he represented i in New England, in the yerenye cast- a 


iron pipe and other structural material and equipment. After 1924, Mr. Me 
_ Innes also rendered consulting service in various water supply problems. — “pan 
m most notable personal characteristic was rugged integrity and i 
“pendence. Physically vigorous throughout his life, he continued to ie 
his car and visit his | office until the day of his death | at the age 0 of eighty 
years. This | physical capacity. and his fearlessness were well shown in 1875 
his rescue from drowning, under most difficult conditions, of his 
' _ friend, Sir Charles G. D. Roberts, the Canadian poet, who i in various published — 
articles has ma made grateful reference the incident. For this exploit Mr. 
McInnes was given a watch by the citizens of Fredericton, 


Generous in thought and deed, fortunate in a keen sense of humor, Frank | ; 


Alexander McInnes had a great capacity for making and retaining friends, 
2 and for many years he was one of the most respected and best a, men i = 
was married on October 16, 1898, to Laura E. Yerxa. His 
Dr. Frances McInnes, a member of of 
_ Northampton, Mass., survives him. 


Mr. McInnes was elected a Member the of Civil En- 


son J 18,1908. 
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| MEMOIR OF LUDWIG THEODORE MAENNER © 
LUDWIG THEODORE MAENNER, M. Am. Soe. C. 


Ale Ludwig Theodore Maenner was born on ‘October 1, 1863, at ‘Neustadt, i 
"Bavaria, Germany, the son of Theodor and Josephine (Heigl) Maenner. 
received his early education in the schools of Neustadt and was graduated — a. 
from the Technical High School, at Straubing, Germany. 
__-He came to the United States in 1883, and was employed by ‘the Great - 
_ Northern Railroad Company, at St. Paul, Minn., from July, 1890, until 
_ March, 1903, as Draftsman and Chief Draftsman in charge of map work, 


yard design, estimates for authorities for and all other 


Chief Draftsman in the Office of the Chief Engineer. In this weaitlion he 


a oh had charge of the preparation of all plans and specifications of work assigned : 
i to the Chief Engineer; he also handled all the drafting-room work for the 
Real Estate and Tax Department and the Maintenance-of-Way Department, 


Ind une, 1906, he accepted the position of Chief Draftsman with the 
Isthmian Canal Commission, with headquarters at Culebra, Canal Zone, 
Panama. | He i installed a a system for filing maps and records, and prepared r 
y forms for cost- keeping and excavation statements. ¥ He also” prepared statis- 
_ tical statements, in graphic form, of various expenditures, | supervised the a 
of gg maps of the Zone, and land maps in con- 


. He completed his work with 
‘Wi Mr. Maenner’ . service > with t the Missouri Pacific Railroad | Company began al j 
on ‘September 1, 1909 when he was s employed as as Chief Draftsman in the Main- @ 
tenance-of-Way Department, with general supervision of the Drafting- il 
When the -Maintenance-of- Way and Construction Departments were con- 
rake in 1912, he 2 was appointed | Chief Draftsman in the Office of the 
4 Chief Engineer with direct supervision over all general drafting work, main- — 
pe of records, ete. t In 1917 Mr. _Maenner was promoted to the position aaa 
of Office in which capacity he served faithfully and conscientiously. 


until September 30, 1933, when at the age of 70 he was retired. a ri . 
7 He was a man of strong cha: character, ambitious, energetic, a good organizer, 
- thorough i in all his undertakings, loyal to his friends and employers, and was 


_ Mr. Maenner was a lover of. chess and was President of the Western Chess - 
Association from 1930 to 1933, ‘inclusive, and a Director in 1934 and 1935. 
He organized the Missouri Pacific Chess Club in 1923, and was its President 


continuously until his death. He was a member of the Masonic Order. Ale ; 


ed Memoir prepared by a Committee of the St. Louis Section, consisting of S. L. Wonson, ; a 
- Am. Soc C. E., and William T. G. St. 
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MEMOIR OF FREDERIC | ‘MOLITOR 
He i is survived by his widow, “Mrs. Frieda “Macnner, a son, Theodore i 


‘Maenner, and two daughters, Selma (Maenner) Huff and Mrs. Mabel 


Mr. . Maenner was elected a Member of the American Society of Cival 


Engineers on October 


Frederic Molitor was born in Detroit, Mich, on April 21, the son 
Albert Molitor and Lucille I. (Goodell) Molitor. 


7 at ‘t Cornell University, in Ithaca, N. Y. On leaving Cornell he entered the 
7 service of the Central Railroad Oouipiiingy of New Jersey as Instrumentman 
i and Draftsman. Later, he was employed by the Baltimore and Ohio Railroad zs 
Company advancing rapidly through the positions ¢ of Assistant Engineer, on 
= construction of the Kill van Kull Bridge; Principal Assistant Engineer, 


_ Mr. Molitor was educated at Trinity Church School, New York, N. Y N. Y.a i sy 


ot maith Railway Company, and was in charge of construction of the 


Montauk Division, Long Island Railroad in 1895, when he was 


appointed Chief Engineer of the Choctaw, Oklahoma and Gulf 
.. the ensuing ten years Mr. Molitor built more than 1000 miles of rail- ay. 
in Askansas, Indian Territory, Kansas, and Texas, for the 
its Allied ‘Companies (later incorporated in the | Rock Islan nd System), 
P43 including many tunnels, heavy bridge work, and pneumatic foundations. As — 
- General Manager and Chief Engineer for the Midland Valley Railroad Com- 
pany, he built and ‘operated 350 “miles of road in’ Arkansas, Oklahoma, a and 
Kansas. _A significant item in this work, showing Mr. Molitor’s passion for 
direct thinking and accuracy in pr ofessional reporting, was the ‘preparation 
a Manual for Resident Engineers, which became a classic on Western railroads. ad a: 
Molitor’s broad experience and his ability as an Engineer and . Admin- 
%  istrator brought him to the attention of President Theodore Roosevelt, and, 4 
ff, | in 1905, he was appointed Supervising Railway Expert to the Philippine Ah 


Government. ‘He found the Islands. with a railway system of 120 miles and 


left them, i in 1907, with 550 miles. — 


In 1908, after a study of railroads and terminals in Europe, Mr. Molitor & 
= ica an office as Consulting Engineer in New York City, which he main- i, 
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tained until 1e retired from active practice in 1936. His services were sought 
by important financial houses for examinations of American railroads and 
South American development enterprises, and he was a trusted adviser of es: 
the United States Government. — He was a member of the Special Panama 
Canal Committee anc 


Mr. Moline an active interest 1 in _Dreparatory military 


ory in J anuary, 1917, as Major, Engineer Reserves, United States Ridiy i, 
“and i in J uly, 1917, he was assigned t to duty with the 1 Director General, Bureau 


Molitor was promoted to the rank of Lieutenant Colotel i in 1917 
q nd assigned to duty with the 22d | Engineers, U.S Ss. Amy, on June 1, 1918. € 
: ‘ On July 28, 1918, Lieutenant-Colonel Molitor was transferred to the staff of és 
the Chief Engineer, American Expeditionary Forces (A. E. F°). On Sep- 
Fs tember ‘4, 1918, he was promoted to rank of Colonel ; and on September 30, 
5 1918, was appointed Officer in Charge, Engineer Supply Section, A. E. F. an 
Following the Armistice, Colonel Molitor directed a complete inventory 
2" Engineer Supplies i in France at all ports and depots, returned to the U United 4 


States on | March 6, 1919, and x was honorably, discharged from the Army on 


Corps. of Reserve, “until: his transfer to the ‘Auxiliary List, 
~ Reserve Corps, on March 18, 1931. In recognition of his war-time service 
i Colonel Molitor was cited by General Pershing for “ 


torious servic rice,” and awarded the “Ordre de Etoile N oire,” by the F rench — > 


An engi 
Colonel Molitor : as the Board of tind 

: created by the National Association of Owners of Railroad Securities i in 1921, 

q under the direction of the late S. Davies Warfield, President. Selecting as 

q associates the late John Findlay Wallace, Past- peas Am. Soc. C. E., 
John F. Stevens, Past- President and Hon. M. Am. . Soc. Walter WwW. 

-Colpitts and W. L. Darling, Members, Am. Soe. E, and Professor Lewis B. 
Stillwell, with a staff of experts, Colonel Molitor made an exhaustive inves- a 
7 tigation of the operating and economic position of the railroad systems of the a0 
‘United States. Recommendations of the Board from'the facts developed re- 
‘sulted i in betterments of operating practice acceptable to the Interstate Com- 

Ss Commission and led to better of and 


on the work he directed, as 3 well ai as : the respect and confidence of the financial 
he served as was a in measures s for profes-— 
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pine Mdicate the high professional standing of Uolone olitor. 
ee i 4 imbued with a clear sense of justice and of civic and national duty. — He , = _ 
the high regard of his professional associates and ate 
ain- 


among them Institute of Consulting the Institution 
of Civil Engineers of Great Britain, the American Railway Engineering As- ke 

sociation, the Society of Engineers and of and the Society 

He was a member of the Century Club of ites the Order 
of the Loyal Legion, ‘and the Military Order of the World War. — is in 4 

_ He was married in 1896 to Katheri ine Jeffries, who survives him. . 

7 — Colonel Molitor was elected a Member of the American Society of ‘civi a 


Am. 


J., on July 3, 1987. ‘Per years she had a and 


had | de losing in physical ‘steength, although his mental faculties remained a 
vigorous to the end. He was buried in the family plot at Mendham. 
ie Daniel Edward Moran was born on April 12, 1864, at Orange, N. J., ‘* “Ee 
of Daniel Edward and Annie Augusta (Blake) Moran. From 1866 
1884, he } lived in Brooklyn, N. Y., and attended the local schools, the last be | 
ing | Institute, from 1874 to 1880. He entered 
~ School of Mines at Columbia Univ ersity, in New York, N. Y., in the fall of at =, 
1880, taking the Civil Engineering Course, and was graduated in June, 1884, 
During his years. at Columbia, Mr. Moran interested himself in various 4 
college activities, becoming a of his class football team, School of 
Mines Editor of the Columbia Spectator, an Editor of the 784 School of 
Mines Yearbook, ‘and a contributor to the School of Mines Quarterly. He 
wes a member of the Delta Psi Fraternity. 
After his graduation, in 1884, Mr.- Moran designed and superintended the 
“construction of a country residence for his mother. His personal notes state 
that in the spring | of 1885, he « entered the employ of the Delameter Iron Works, ly 
West 14th Street, New City, ‘as apprentice at per day, working 
: een a week.” He continued | in this work until the spring of 1887 when he 
was employed as Instrumentman on a survey for the extension of the ‘Nevada re 
end California Railroad, north of Reno, Nev., owned by his uncle, Charles 
¢ Moran. . He quit this job i in the fall of 1887 and returned to New York City a 
via San Francisco, | Calif., , and Portland, Ore. Concerning return 
he writes that he went from San Francisco to Portland by “the new R. RR 
; being built * * * there being a 20-mile gap which was covered by a 4- horse e 
stage coach of the Wild West type. . The Canadian Pacific Transcontinental — 
- had been put through in 1886 but was still a rather ‘sporty’ trip.” _vigalaal 


1 Memoir prepared by George L. Freeman, M. Am. Soc. C. E. 
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his return, Mr. } Mora had great difficulty in getting a position in New 
- York City, but finally “found eer at map making for Samuel McElroy for ; 
a few weeks in Brooklyn * * * and was fired because, as he said, I was get- 
a ting more out of the maps than he ‘vas paid.” For a short period, in 1887 and 
a 1888, he was employed as Draftsman by the late William Barclay — ; 
Eo M. Am. Soe. C. E., who then was “engaged in drawing plans for a pro- 
posed rapid-tr transit subway using» the @ subgrade portions of private property, Ai 
and only streets so far as necessary to cross from block to block.” 
_ Mr. Moran’s long career as a Foundation Engineer began with ] his ill es 
‘ment, early in 1889, by the late Charles Sooysmith, M.. Am. Soc. C. E., a New 7 
York contractor who specialized in substructure work by the } ‘pneumatic, 
freezing, and other methods. Mr. Sooysmith first sent him to Iron Mountain, es 
Mich. as Assistant Superintendent and Technical Observer on the construc- 
tion of a mining shaft, for the Chapin Mining Company, to be constructed — 
_ through a deep quicksand formation by the Poetsch-Sooysmith freezing 
description of t this work was afterward published by Mr. Moran. 3 
P wil the summer of 1889, the work at Iron Mountain completed, Mr. Moran 
E was transferred to the position of Assistant Superintendent on the construc- 
ie ‘of the Deer Island Lighthouse at the entrance to the harbor at Boston, = 


Mass. This structure was on an reef extending south from the 


Fn 


MEMOIR OF DANIEL EDWARD MORA} 


= 


“dyspeptic army officer” in 
in 1 1889, Mr. Sooysmith had several pneumatic bridge foundation 
jobs in progress in the e field, while designs for others were being developed — 

q in his office, and Mr. Moran was delegated to study designs and methods for 
this” work, the. study perhaps. having been prompted by a a serious ‘accident 
which occurred about that time on a Pueumatic job being constructed by 
Mr. Sooysmith at Needles, Calif. He visited a pneumatic job being con-— 


“structed by Mr. Sooysmith at Wyoming, Pa., and interestingly records: 
I found Christy (Supt.) laboriously wp rock, putting the 

pieces into. sacks, hoisting the sacks two at a time into a common man lock, 
_ piling the lock as full as he could and operate, then locking out and re- 
handling the sacks to the dum p. He used in hoisting the sacks a length of 
wire rope, which passed neem a stuffing box in the head of the lock. I 
looked up all the data we had on the subject and started to design a safe 
and economical lock. Sooysmith told me not to waste and 
so I continued my studies out of office hours.” aera re 
? On These studies led to the development of the first Moran vida which 


‘Mr. Moran patented, and had constructed in 1892 by the Continental Iron — 
re —_ late Alfred Pancoast Boller, M. Am. Soc. C. E., who was a specialist on 
a friend of Mr. Sooysmith, borrowed Mr. Moran in 1890 
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: MEMOIR EDWARD MORAN | 


to design caissons for the Dam Bridge. crossing the Harlem River 
at 155th Street, New York rk City. main caisson was of steel construction, 


located in the chamber at the bottoms the the soil to be 
removed through : special | buckets which formed a part of the lock arrangement. 
~ Later, Mr. Sooysmith was the successful bidder for the foundation work and, s 
- in 1892, placed Mr. Moran on the work as Night Superintendent. Both the | 
lock buckets failed before the big caisson was _ to its final depth, one 


4 just in time, was secured to the top of the shalt a the bucket seenieal through 

an This was the first use of the Moran air-lock, and but one lock of this _ 
original design was built. It was of the top- and-bottom-door type, the top *e 
opening being fitted with two hinged doors: meeting : at the center, where the 
hoist rope passed through, with a stuffing-box to reduce air leakage. | This” ig 
lock Pace distinct advance in the speed and economy of pneumatic — St 
caisson work, a s the : of top and bottom doors made it possible ; 


eon or r delay. th Subsequent refinements made by Mr. Moran in the details + 
of the air-lock, including the change to a single top door, resulted in the | 
present v widely used 
Prior to for the McCombs Dam Bridge, 


Bridge across. the ‘The plans had left the 
a 


design of the caissons online ‘to the contractor, the work was all ready to = 
proceed and Mr. Moran’ Ss job was to design the caissons in a the shortest ee 


possible so that the w work would 1 not be delayed. — He remained in Sioux City 


until the summer of 1893, when he was sent back to New York City by Mr. ik 
-Sooysmith and put in charge the foundation work for 


Surety” Company Building, at the ‘corner of Broadway ‘and Pine Street 
This was the second building in New Y. ork, or in the world, to be supported 


Of this work, Mr. M tes that, 


“Dead Many architects and some Engineers still questioned the reliability of 
_ Conerete, so the piers above the steel caissons (working chambers) were — 
built of brick from Hudson River points. At first the bricklayers 
on building level and plumb, not ‘realizing that a caisson base is level only 
accident, In sinking, the caisson might from 3 2 to 4 ‘ft suddenly ; 


The underpinning of bing caisson jobs was 
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was practically a monopoly in the hands of one New York contractor. 
Moran tried Me ith that be should include underpinning | 
with his other these absurdly high 
— 


‘DANIEL EDWARD » 


caisson . They are operated 
at financial loss to the owners and no more will ever be built.” Mr. Moran > 
thereupon d decided that he would become familiar with underpinning work a 
and p prepare for the construction of future high buildings. 
_ Continuing with Mr. Sooysmith until 1897, Mr. Moran 1 then became 
Special Partner and Foundation Engineer with John Monks and Son, of New 
York City, remaining with that firm until about 1900. _ During this period, = 
Ee designed and superintended the construction of pneumatic caissons for 
the water-works plant at Cincinnati, Ohio. In 1900 and 1901 he superin- _ 
‘tended the construction of a power canal and the foundations for a ~ 
‘mill and power-house at Great Bend, 
In 1901, with Franklin Remington and Edwin Jarrett, M. 
¢. E., Mr. Moran organized the Foundation Company, becoming its Chief 
Engineer and a Vice-President and Director. He continued with the Founda- — 
tion Company until 1910, during which time it became the foremost builder — 
of deep and difficult foundations in the United States and Canada. Mr. Pe 
Moran was responsible for the engineering of many of its important per i. 
int From 1910 until his death, Mr. Moran was in private practice in New | : 
York City as a under the name of Daniel 


ings in New York City y and elsewhere, such as the Woolworth and Municipal 
Buildings, Federal — Reserve Bank, Equitable, Morgan, New York Stock 4 
Exchange, Barclay- Vesey Telephone, Bank of America, Chase National Bank, 
Bank of Manhattan, City Bank Farmer’s Trust Company, Irving Trust 
Company, and many other buildings i in New York City; the Federal Build- 
ing, in Cincinnati, Ohio, Federal Building, in Pittsburgh, Pa., a., and Royal 
of Canada, and Aldred Building, in Montreal, Que., Canada. 
Mr. Moran was engaged on many important bridge projects among which 
were the Philadelphia- Camden, at Philadelphia, Pa., Mid-Hudson, at Pough- 
keepsie, N. Y., Ambassador, at Detroit, Mich., Huey P. Long, over the Mis- 
Sissi pi River, at New Orleans, La., and the S Suisan Bay, in 2 California. He 
was for years Foundation Consultant to the Port of New York Authority, 
ad advising on foundations for the George > Washington, Triborough, Bayonne > a 
=Arch, and other bridges, ‘and the Midtown-Hudson River | Tunnel. Finally, 
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Dow his greatest achievement, the foundations for the San Francisco- Oak- 
land Bay Bridge, made feasible by ‘the “domed” type « of caisson which he | 
He was a pioneer in the study of the properties of soils, his experiments 
mee sands and clays, with home-made testing apparatus, pre- dating those of 7 
present-day soil technicians. » He was among the first to understand the 
4 “nature of volume change i in « lay and silt soils under loads and to apply this i oi 


a to actual foundation problems 
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MEMOIR OF JOSEPH Ss. “MORRISON 


“methods, Mr. later years, because of their increasing pres: 
—— -oppposed their use in any work until he was convinced that no 

aper or more expeditious type of construction was possible. Here, again, 
we find him pioneering in the elimination of the very methods of construction 1 
-* had spent so so many years to develop. i Outstanding examples of this ad- 
_— vance rance in his practice were the deep foundations for the City Bank ‘Farmeré | 
Trust Company and The First National Bank Buildings, built by open — 
> “methods i in down-town New York, on sites where twenty years ago pneumatic — 
caisson foundations would have been considered “necessary. 
Mr. Moran received the honorary degrees of Master of Science and 
Doctor of Science from Columbia University. In 1934, the Columbia En- ‘s 
Schools Alumni Association, ealling him the “ Dean of Ameri 
ean Foundation Engineers” made him an Honorary Member. © A year later, 
baa Dr. Nicholas Murray Butler, President of Columbia a University, bestowed 4 
: ies him the Gold Medal of the Class of 1889 “ for ‘Eminent Achievement.” . 4 
=: _In December, 1896, Mr. Moran was marr ied to Sarah V. Kelly, of Glasgow, 
+e Scotland. He is ‘survived by his widow, his sons, Daniel E., Jr., Archibald 
= and Hugh B., , and by his daughters, Mrs. George Frazer and Mrs. Carl 
At the time of his death, he was a member of the American Institute of 
= Engineers, The American Society of Mechanical Engineers, the 
Franklin Institute of Philadelphia, Pa., , The Newcomen Society, of London, { 
ery and the Engineers’ Club, Downtown Association, University Club, 


Columbia University Club, and The New York Zoological Society, of | 


OSEPH S. MORRISON, M. Am . Soc. C. E ¥ 


«Joseph S. Morrison was bor n in Hedrick, Iowa, on January 8, 1874. 
a parents were John } Morrison and 1 Martha (Doolittle) Morrison. Od ohn Mort 
a; son ¥ was a Civil War Veteran, and was well known i in Iowa because of his serv- a 
ice in county office and the State Legislature. Joseph S. Morrison attended — 
— High School, a at Hedrick, and was graduated fr from Towa ‘State College, at 
4 Ames, Iowa, in 1897, with the degree of Bachelor ‘of Science in Civil Engi- 


neering. ‘He received his Civil Engineering degree at Iowa State College in Pe 


> 4 1908. For a short time in 1895, | he taught in a rural school near Guttenberg, ty 


The engineering career of Mr. Morrison began in 1898 as a Rodman on “ 
the: Iowa Central Railway. He secured employment with the Chicago and 


1 Memoir prepared by W. J. Smith, Esq., Ottemwa, Iowa. 
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Railway Company in 1899 as an during 
the next: three years he was advanced to be Chief of Field Party on general 
surveys. He did instrument work for the Railway Company on the viaduct — L 
across the Des Moines River, west of Boone, Iowa, and made soundings ‘and > 
current observations for the double-track bridge over the Mississippi River, 
at Clinton, Towa. ole He also worked a short time in the Bridge Designing De- ' 
partment of the Company, in Chicago, Ill. Jn 1903, he engaged 
a construction feo the Company in Nebraska and South Dakota. In 1904, 
he served as Assistant to the Division Engineer in Iowa and Minnesota, and * 
employed on on maintenance and track work. In 1905, he served as Engi- 
neer in charge of revision work yards and viaduct construction, at Long 
Morrison continued his service with the ‘and Northwestern 
Railway Company as Assistant to the Division Engineer from 1906 to 1908, 
locating and constructing tracks in Michigan for the iron mines and logging 4 


camps. In 1909, he was in charge of a field party on an construction of the 
 eut- off and viaduct at Valentine, Nebr. For the next three years, he had 
_ charge for the Company of the construction of 26 miles of track in W isconsin — 
and during this time, also supervised the construction of bridges across the 
Wi isconsin and Yellow Rivers, and the building of terminal yards at Wyeville, 
Wis. In 1912, he had charge of the construction of 10 miles of track in 
~ Minois. From | February, 1918, to May, 1914, he was engaged on Federal <7 
"valuation on the St. Louis, Peoria and Northwestern Railway. o hows OF 
Morrison did his last railway engineering work 1914, and then 
entered the service of the Iowa Highway Commission. It was his good for- 
_ tune toe enter highway work at the , time the extensive us use of automobiles and 
ome made 1 necessary the building of a system of surfaced highways. He 
| ae appointed District Highway Engineer of the 5th District, with head- 
quarters at Ottumwa, Towa. In 1914, there were no surfaced highways i in 
Southeastern Iowa outside the cities and towns. The present system of 
_ surfaced roads in the 5th District was built under his supervision. From 
1914 to 1919, his duties, in general, were - to advise e the County Boards of 
Supervisors relative to the standards ‘required by the the State Highway On 
‘The construction of Federal Aid Highways. began in 1919 and, at | that 
ime, Mr. Morrison began directing a force of assistants on construction work. 
‘He had ‘an active part in locating lin 1es, making surveys and | lans, and super- 
i I g lines, g s and plans, pe 
 -vising construction. At present (1938) there are 1379 miles of primary roads 
‘in th the District, and he was: familiar with every ‘structure. A few of the 


“service as District Engineer, are those over the Des Moines River, at Keokuk, — 
Ottumwa, and Belle Fountain , Iowa, and two bridges over the Iowa River, - 


at Columbus Junction, Iowa. In 1925, the State Highway Commission 
‘became responsible for the n maintenance | of primary roads. As District En- 


-gineer, Mr. Morrison had charge of this work in the 5th District. In 1925, 
; the primary roads in the District were constructed of earth and gravel, and 
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maintenance work consisted of ‘amoothing the surface following rains. Ih 
‘roa 
the next few years, the requirements of road maintenance increased, and 
permanent garage buildings were erected by the State in each county, much 
equipment was purchased, and a force of 200 men was employed to keep the “i 


and graduates of Iowa State College, and it is rather unusual to find a family 
b- in which so many members have had an interest in the same school. He had — 
four sisters and one brother who attended Iowa State. He and Mrs. Morrison 
and three of their children are graduates, and their youngest son is a student 
ee at Iowa State ite College. His father was a Tr rustee of the college in the early 
cs His chief interests in life were his work and his family, and he devould 

; practically all his time to them. Most of his friendships were made with | 
those who had contacts with him through his work. “He « enjoyed a good story 

Ps to the extent of appreciating those told on himself. He was able to delegate — 
authority to his subordinates and judge them on the results obtained. — When 

he assigned a task he expected good work, but he did not insist on his own own 
; methods, or try to force his opinions on others. He encouraged young men x 

to accept responsibilities and when mistakes were made he was willing to — 


accept his just share of the fault. _W hen it was necessary to criticize an “ a 


“ii ployee he could do it thoroughly without offending. His employees liked to | 
under his supervision and were loyal tohim. 
Mr. Morrison was elected a Member of the American of Civil 


JOHNSON MORROW, M. Am. Soe. C. E.! 


day Johnson Morrow was born at Fairview, W. on February 20, 


1870. He was the son of James Elmore Morrow and | Clara (Johnson) 


His father a graduate Jefferson College, at Canonsburg, 
Pa. (later Washington and J tsa College, Washington, Pa.), and a teacher > 

_ and professor in : in a number of schools in West Virginia and Western Penn 
sylvania.. a ames E. “Morrow entered the Union Army during the Civil War 


‘ 
; and rose to the rank of Captain. In 1871, he became President of Marshall <q 
--4 Memoir prepared by Brig. Gen. Herbert Deakyne, U. S. Army (Retired), M. Am. ‘Soc. Pie 
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UO 
Principal of vicinity. “He was a man 
of culture, fond of learning, a scholar in Latin and Mathematics, and had met 
— On the maternal side of the family, Clara (Johnson) Morrow was the or ; 
daughter of John Jay Johnson, and possessed an acute and active mind» at 


- With this peer Senna he g grew up in an 1 atmosphere that fostered his mental 
development. The family lived on the limited income of the father, but 
the home surroundings stimulated an interest in books and study, and a 


- School in Allegheny, Pa., at the age of 14, and then went to work as a 
Clerk and Bookkeeper at a modest salary. . At 17 he secured an appoint- - 
wat to the United States at West Point, N. He 


until his retirement at his | own request on August 5, 1922. 
His first service after graduation from the Military was at t the 

_ Engineer School of Application at Willets Point, Long Island, N. Y., later, 

Fort Totten. Lieutenant Morrow completed the “course at the 


of water- system for the Post of West Point. 
From 1896 to Augus st he on duty in the Washington, 


of fortification wotke and walinseivinis mining casemates at Fort Washington, — 
‘Lieutenant ‘Morrow was: at ‘the Military again from: August, 
a 898, to February, 1899, as Instructor in Civil and Military Engineering Bs aa 
| He 1 was then detailed on fortification construction in New York Harbor ms a. 
was in charge of fortification work at Fort Wadsworth and F ‘Fort Hamilton. ps a 
In August, 1899, he returned to ‘West Point t and from that time until March, a 
1901, was Instructor and Assistant Professor of Civil and Military Engi- Oe 
neering. During this time, he made two surveys of the Post of West Point. 
was promoted to the rank of Captain in February, 1901, and from’ 
- that time until June of the same year, was at Fort Totten, in otaninandl of zz aM 
_a Company of Engineer Troops which he then took to the Philippine Islands. 
He remained in the Philippines until November, 1903, during ‘which time 
he had charge of road construction and improvement, and of the design and - 
_ construction of pile and masonry wharves at various points in the Islands. 
Ba Returning to the United States Captain 1 Morrow was « detailed as Assistant 
to the Engineer Commissioner of the District of Columbia. As 


charge of the Surface Division, which _sidewa and 
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“1848 MEMOIR OF JAY JOHNSON 


“ing, ‘end inspection of asphalt and Ya Mey, 1907 he became the 
_ Engineer Commissioner of the District, held this position until De- 
_cember, 1908, having been p promoted to the e grade of Major in January, 1908, 
e Major Morrow’s next duty was in charge of the Washington, D. 0, = 
_: Engineer District and of the water supply of the City of Washington. 
This tour continued until March, 1910, when he was transferred to Portland, | 
- Ore., in charge of river and harbor work. He remained in charge of this s 
District until June, 1915, with a temporary interruption of three 
months—from December, 1912, to March, 1913—during which time he was _ 
- | He was promoted to the rank of Lieutenant Colonel in March, 1915, att 
a in June of that y year ear he began his connection with the Panama Canal, first as 
—— to the Engineer of Maintenance and, later, as Engineer of Maine 
tenance. This duty was interrupted by the entry of the United States into 
the Wor orld far. Colonel Morrow’s first war duty was the | command of the 
Fourth at Vancouver Barracks, Washington, and at Camp Greene, 
North | Carolina. ‘He had been promoted to the temporary rank of Colonel _ 
‘ in August, 1917. In May, 1918, he took his regiment to France. yn tip 
Shortly after France, he was promoted to the rank of Brigadier 
—_— and when the First American Army was organized there, he wre | 


detailed as its Chief Engineer. He proceeded to organize this important 
command to cover the many and varied services required to carry on tke 
» engineer | work of an army i in n the field. — He was Chief Engineer’ of the First A 


and ‘Verdun- Argoune, Morrow had a short period. of duty as 


: Engineer of the Third Army, and was then made Deputy Chief Engineer of 
the American Expeditionary, Forces in France. For his service during ‘the 
war he received the French decoration of the Legion of Honor. + ’ 
After the Armistice he returned to— the United States and reverted to— ; 
‘ae his regular rank of Lieutenant Colonel. He was in command of the Post 
and the Engineer School at Camp Humphreys (later, Fort Belvoir), Vir- au a 


ginia, from January to May, 1919. Colonel Morrow then the 
q duty he had at the » beginning of the war, that of Engineer | of Maintenance 


of the Panama Canal. He continued in this position until March, —_ 


_when he was advanced to the responsible duty of Governor of the Panama 
Canal. In the m meantime, he had been promoted in in ‘April, 1920, to the regular 
rank of Colonel. In August, 1922, at his own request, he was placed on the - 
retired list of the U. S. _ Army with the rank of Colonel, after more than — ; 
-five years’ ‘service. . This did not terminate his duty as Governor, 


sega his Panama Canal service h he held another Tesponsible position from — 
March, 1925, to » Tune, 1929, as the United States Member and Cea 


of the Special Commission on Boundaries, Tacna-Arica Arbitration. 
. On June 2 21, 1930, in accordance with _ the Act of Congress of that date, | 


he was advanced on the retired list to the grade of Brigadier General, 
because he had held that rank during t the World War. 
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_ General Morrow was married on October | 15, 1895, t ' Harriet M. Butler, 

the of rap General John | Ss. Army. She died 


‘any account of the life of General would be 
"reference to his brother, the late Dwight W. Morrow. ; The latter” was born 
January 11, 1873, and was thus about three years younger than oon 
_ Morrow. ‘< He was anxious to obtain an education and hoped to succeed his 
“brother as the Cadet at West Point from the Congressional District i in which 


brother’s West Jur une, 1891, 
that he should go to Amherst College, a at t Amberst, M nee. Out of his pay va 
7 Second Lieutenant, Jay Morrow » 
| brother the funds that enabled him to. go His 
4 career as a member of an important law 1 firm i in n New } York City, as a partner — 
in the banking house of J. P. Morgan and Company, Ambassador to Mexico, 
and United States Senator, justified the effort it required to finance his : 
, ollege course. Harold Nicolson, in his book on the life of Dwight Morrow, 
uotes General Morrow as “say ing of the "money he advanced for Dwight’s : 


.. education: “ But there is no one who can say that = were not the best 


and death of her infant son was a source of great sorrow to General Morrow. 7 = 
One of the last things he did was to. cross the Atlantic to pay a visit to her 2 “s 
and Colonel Lindbergh, , and he had just returned from this trip when h he died. a a 


Dwight, made his home. took a great interest in West ‘Point and 
in the reunions of his Class. “He contributed much to the success of the a 
Fortieth Reunion in 1931, and the Forty-Fifth Reunion in 1936 by arranging | Me 
for the wives of his classmates to be guests during the reunion Periods at the 
_ country estate of his nephew near West Point. ‘He provided | transportation 
80 that they could attend the ceremonies at West Point in comfort. 

_ General Morrow was a lover of the opera and is said to have attended oe 

performances over a period o y 5 e ne spapers reported that he 
i commuted from Panama and Chile to New York to attend the opera. This be 
pc rence of f statement merely serves to emphasize his devotion { the art. & 
General Morrow 1 not only a cs capable engineer and an efficient ad- 
> saedatetianae, but he was also fond of athletic sports. In his younger days an an 


be was a tennis player and | he also football and baseball. 
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World, War. Detailed Chief Engineer of First “American 


_ —these were some of the things to ‘be looked after, with special troops for 


ie Governorship — of the Panama Canal is also a position calling for — 

It involves not only the engineering work of keeping the 4 

:. eseal in operation, but also many other tasks, such as relations with the = 
Republic Panama, with the military forces on the Isthmus, with the 
‘ships o of all nations using ‘the | Canal, with labor, with ‘the civilian population — 
on the Isthmus, and with the dignitaries, penne and foreign, continually — 


soe To handle successfully such duties as these requires Pe breadth 


General Morrow was el elected an Associate “Member of the American 
a ‘Society of Civil Engineers « on ‘Tune 5, 1901, and a a ‘Member on March - 1, 1904. wu) 

SARSFIELD O’CONNELL, M.Am. Soc.C. 


14, 1888, the son of Thomas Sarsfield fey Connell and Gussie (Lovell) O’Con- 
nell. He was a lineal descendant of the same family as William, Cardinal — 
O'Connell, and was a direct, descendant of Patrick Sarsfield, famed Trish 
eS patriot, for whom he was christened. Asa youth, he went to Arizona, where 
he attended preparatory s school. technical education was received at 
the University of Arizona, at Tucson, Ariz., ‘and the United States Military Be 
- Academy, at West Point, N. Y., where he was a member of the Class of 1911. se 
me. Mr. O’Connell’s first practical experience in his profession was with the “4 
Sud Pacifico de Mexico. ‘His career in the Arizona State Highway ee 
a ana began in 1913 and was unbroken, except during the World War. In 
s . May, 1917, he was commissioned as First Lieutenant i in the Army a and served — 
‘ "overseas with the 362d Infantry, 91st Division. After leaving the Army. in <3 
a iid 1919, he again entered the service of the Arizona State Highway De- a 
_ partment as Locating and Construction Engineer, being promoted to District Fy 
Engineer i in 1924, ‘which position he held until his appointment as State En- . 
State Highway Engineer of Arizona, ‘Mr. 0 Connell made an enviable 
= as a progressive road builder. He was recognized by « engineers  through- a. 


2Memoir prepared by a Committee the Arizona Section, of J. 
‘Hors, E. VY. Miller, and Jane H. Rider, Arsoc. 
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MEMOIR OF ROBERT 


4 
ten, His untiring efforts in 1 obtaining a more equitable Federal aid nie % 
the Western States was a large factor in the development of the splendid 
highway | system of the West. was Progressive—always 1 ready to adopt 
new ideas that he considered sound. call: 
O’Connell helped to pioneer the modern low- highway : surfaces, 
“utilizing light asphaltic oils. this type 2 of surface, the fine dustless volt 
owe which Arizona now has, would not have been economically y owl, 


4 


“side soil stabilization prevention of soil erosion, n, diy ided 


President of the Western Association of State Highway ‘Officials, member ‘of 
j the Executive Committee of the American Association of State Highway 
Officials, as well as Chairman of the ( Committee on International Highway 
- Relations : of that organization. He was a member of the Board of Directors 

of the American Road Builders’ Association, 

Mr O’ Connell was considered by all who knew him as a man of great 
 eourage, force, and ability, combined with a ‘@ courteous personality and an 

; unswerving loyalty to his employees. ‘The greatest compliment that can be Z 


him is exemplifi love borne the 


Civil on July 11, 1997, and : a October 14, 1930. pi 

ROBERT VANCE ORBISON, M. Am. Soc. C. E.! weal 


Le 


ney, 20, 1889, 
the son of David Rush and Emma Jeans (Ewing) Orbison. _ The family traced — 
its ancestry to good old Trish stock which, no doubt, accounts for the loa 4 


nature and tireless | energy which “ Bob ” Orbison throughout his 


- As a boy, he attended the public schools in his native town, and was 


L -meegowd from the Sidney High School in 1900. He then attended the Utah rs 
State errant College, at Logan, Utah, and took up the study of Civil | 


Upon leaving college, Mr. Orbison ‘entered the service of the Utah Sugar 
Company, at Garland, Utah. The Company, at that time, was engaged in 


1Memoir prepared by Morris S. Jones, M. Am. Soc. C, E. 
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1852 MEMOIR OF ROBERT VANCE ORBISON 


_ reclaiming _" | developing a large area in Northern Dish, During the 34 7 
‘that Mr. Orbison remained with the Company, he advanced from Chainman 


if 
through : anes presipitoes go gorge of the Merced River into o the Yosemite Valley. EB 


This railroad was the first means of easy travel into this beautiful valley. _ as 
In 1907 became associated with | the: Stone and W Webster Company | as 


‘of electric street railways in various cities, in Texas. 
‘This work being practically completed in 1910, Mr. Orbison moved 
Los , Angeles, Calif. , where he secured a ‘position with the Janss ee 
peered a large realty company then engaged in subdividing and marketing _ 
tracts of land in and around Los Angeles. Tn addition to sub- division 


of the of large water distribution systems, 
including the design of th the pumping plants and reservoir. pL aE 


; es In May, 1912, he became associated with the City Engineer’s ‘Office of the i, 


City of Pasadena, Calif., becoming Chief Deputy a year later. In December, fe 
1914, he was appointed City Engineer in charge of the office. At that time, 


of sewage disposal. The disposal works then rappin were very much over- Me 
- loaded, and created such a nuisance ‘that the City was in constant danger of © 
1915, the activated sludge process for sewage disposal its infancy. 
_ Experimental plants had been established in a few places in the United States, im 
_ most notably in Milwaukee, Wis., but the superiority of this method had not mae 
then been established. After a visit to the Milwaukee Plant, Mr. Orbison _ 
_ built an experimental plant and laboratory and conducted tests which led to e. 
recommendation for the construction of an activated sludge | plant. The 
Pasadena Sewage Disposal Plant, built as a a joint project the Cities 
Pasadena, South Pasadena, Calif., an 


Mr. Orbison’s design, has been in continuous since 1924, with ost 
In March, 1920, sine sen an env viable record as City Engineer of Pasadena, | 
Mr. Orbison was called to be the first City Manager of the neighboring com- % 
munity of South Pasadena. While in the service of South Pasadena, he < 
acted in the dual capacity of City Manager and City Engineer. During the te 
period he was in charge there, the largest program of municipal improve- 3 
in ‘the history of the city was completed. T he Municipal Water De- 
partment of South Pasadena was organized by Mr. Orbison to take over the 
_ privately owned water systems then supplying the major part of the city. ft, 
He was also i instrumental i in securing | a new source of water supply for the city. i 
a In, August, 192 5, after havi ing been in . charge of the affairs of the City of : 
ae oe for 54 yr, he hii ealled back to Pasadena, this time as City 


— 
irrigation system, dams, and dividing the Company’s holding into farms 
Leaving in 1005 Me Orbicon ontored the of the 
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At that time w was into a a of ‘most rapid 
and development. Under his régime, the $4 000 


Pasadena a ‘supply of ‘from: the San Gabriel River. ~ 
um 1931, Mr. Orbison tendered his resignation to the City Board of 
P ‘icles’ For a time after leaving the service of Pasadena, he entered the 
i: consulting field in sanitary engineering. — With the passing of the Federal 


_ Housing Act in 1933, he went to Washington, D. C., in the rar 
. - Federal Housing Engineer. Two yea years later he returned from the nation’s 
? Capital to accept | a position with the California State Government in the | 
eterans’ Bureau, : appraising» and investigating loans to World War Vet-— 


rans, which position he held at the time of his death. : panied 
Px Mr. Orbison passed away on October 6, 1937, at ual home in South Pasa- 


dena, his death being due py a sudden heart attack. B ‘Although he had not 
been i in the best of health for some years, his death was most unexpected and > 


great shock to his many friends i in ‘Southern 


was absolutely fair a and had the respect and loyalty of all those who wach 


f with him. He was a hard worker himself, an excellent executive, and cou ould 
direct others easily and efficiently. His interest was in sanitary 


engineering, on on which subject he contributed many articles to technical 


we He was married to Evelyn Alice Kanouse, in El Paso, Tex., on Novem er 


1909. He is ‘survived by his widow, a daughter, Phyllis Orbison, his 
mother, Mrs. Emma J. Orbison, and two brothers, Harold E. Orbison and 

He was a Thirty-second Degree Mason and a Shriner. He was 
atv in a the affairs of the Los Section of the Society. He served all 


Engineers, on August 28, 1922. 


PRED BAILEY OREN, M. rer Soc. C. E.! 


SEPTEMBER 29, | 1936 


‘Fred Bailey Oren was born in Watseka, Il, on September 16, 1880, — a 
- of Asa Gum and Mary (Frazier) Oren. 


- family whose home was in a village near Wilmington, Ohio. 
4Memoir prepared by Dean Gerber, M. Am. Soe. | 
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“torilum, was completed. Nearly “Worth of street improvement work 
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YMOND STANTON PATTO 
a W girl. The 1 ‘removal of the family to. 
purchased | a drug s store in Chicago, Ill. The boy’s | Grammar 
education was obtained at Watseka, but his High School work was taken at 
Englewood High School, in Chicago, from which he was graduated i in 1897, a 
at the age of seventeen years. 000. 05% phe, 

_ _Mr. Oren entered upon his engineering career shortly after his graduation a 
from High School, when he entered the employ of the Engineering Depart- “a 
‘ment of the Illinois Central Railroad Company as Rodman. 
_ About 1902 he was made Resident Engineer on the construction of ers 
Illinois Central Bridge over the Little Wabash River, near Watson, Nl. » with . 
headquarters at Effingham, Til. In 1903, he was made Division 

7 with headquarters at Water V alley, Miss. iss., and, later, became Roadmaster with © 

While Roadmaster at Champaign, Mr Onn. decided to go into o the 


an 8-mile section of hiahwerr paving on Old Route No. 11 of the Illinois High | 


y System, : near St. Elmo, ml. The contracting, firm then was known as 


with Mr. Oren 1 as Secretary- This ‘ttn 
in the contracting business SO well started, specializing in all fields of high- } 
construction for both the Illinois State ‘Highway Dep :partment ‘and for 


Asa business man, Mr. . Oren had the respect and admiration of all who 


June 21, 1903, he was married to Aldora Forrest Jaycox, of Watson, 

After severing his ¢ connection with the Illinois Central Railroad 

pany, he established his residence in Effingham, Ill. 
_ He was a great fisherman and thoroughly enjoy yyed his 's vacations at his oi 
winter home in Biloxi, Miss. It is said that he knew the fishing grounds of a : 
the Gulf and its tributaries as few other men did, nd could always be counted 

“upon to bring in a good catch. uf 
Mr. Oren was a Member of the American: of Civil Engi 


RAY YMOND STANTON PATTON, M. Am. Seo C. E. 


wa son of Oliver and Ida M. “(Cloninger) Patton. His ie eduattiah 

_ was obtained in the public schools at Sidney, Ohio. He received his tech- 
me training at Adelbert College of Western Reserve ae at Cleve- ee 
Memoir prepared | by J. H. Hawley, M. Am. Soc. c 


him; and his firm ranked high with the ‘State Highway Department. 
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MEMOIR OF RAYMOND ‘STANTON PATTON 


x _ Within a month after his graduation Mr. Patton was appointed an officer 

{ in the Field Corps of the United States Coast and Geodetic | ‘Survey. _ He ros rose 
to the position of Director of the Survey in 1929, in which position he served Ds 

Mr. Patton’s first field work began in August, 1904, on the Atlantic Coast 

where he served as a Junior Officer on the Coast and Geodetic Survey xy ship 

Hydrographer, engaged in Coast Pilot revision, and with a shore party carry- 

ing on topographic in Virginia. ‘This: was s followed in 1906 by as- 


‘In the spring of 1907, he began a 3-yr tour of duty in the Philippine 
-Tslands where, as a Seniies Officer on the Survey ships Romblon and Research, — 
he took part in surveys of including Tanon Straits, the 
north coast of Negros Island, and 

this time he was also a member of sev veral parties in surveys 
_ During this period, conditions in the Philippine Islands were far different fe 
from those at present. ‘The Insurrection was not far in the past and the | 
‘Filipinos, especially in areas away from centers of population, were in a state < 
“of unrest, and in) many cases were resentful toward Americans. ans. Living « con- a 
ditions, affecting health, recreation, and er even “the ordinary comforts, were 
far from satisfactory. In this, as well as in his other early assignments, 
Mr. Patton’s cheerfulness in enduring hardships and his zeal il in the per- 

- formance of his duties indicated the pioneering spirit and devotion to the 
interests of the Service which characterined his entire career. dy aL. 


st 


Bache, on the Gulf Coast, he again went to Alaska as Executive Officer of 
* the Survey ship Patterson. Later, in the same year, this ship operated on 
te Pacific Coast of the United States and in the western ‘approaches to the 
Panama Canal. In 1912, Mr. Patton was. given command of the Survey ship 
Explorer, and for the following three years was in charge of the work of that 


‘ship i in Alaska, of which a survey of the snacesinaiaiiaeal to the Kuskokwim River | 


Returning to Washington in 1915, Captain Patton was placed in charge 


of the compilation of the volumes of the Coast Pilot published by the Coast 
and Geodetic. Survey to provide mariners information required for 

- coastal navigation in addition to that shown on the nautical charts. In this 
Pcoug. he had charge of the field and office work required for ay aes ‘iodie 
F -Tevision of the Coast Pilot and was ‘the author of two volumes, the 1916 edi- 
tion of the Alaska Coast Pilot for the region from Yakutat Bay to the Arctic — : 
Ocean, and the 1917 edition of th Coast Pilot font Pacific Coast of the 


United States. 


911 when, after brief assignment. as Executive Officer of the 
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MEMOIR OF RAYMOND STANTON PATTON 


With the entry of the United States into the W orld \ War, uaiatai Patton 
- was anxious to join the armed forces, and in September, 1917, together | =a 
a number of other officers of the “en and Geodetic | Survey, - was a 


tenant | and, later, as a Lieutenant in the Naval Force 
After the conclusion of this service he returned to the Coast and Geodetic i 
Survey and, in 1919, was appointed Chief of the | Chart Division. was 
- during his tenure in this office that his ability as an organizer and executive _ 
began to have considerable effect on the progress of the Survey’s work. For | 
vd ‘some time prior to his appointment to this position, it had been realized pn 
a the Bureau’s service to maritime interests was impaired by the rather lengthy — 
_ period required for the compilation of nautical charts following the comple- 
tion of field surveys. This ‘conditi ion, however, had been regarded as inevi-— 
9 table on account of the e careful and painstaking work which is always required — 
_ when extreme accuracy is essential and the © arduous nature of of many of the 
Recognizing the ‘need for improvement. in n this 
_ immediately applied himself to the problem and met with marked success, 5 
‘Through a . complete re-organization of the Division, the adoption of a com ae 
prehensive production schedule, and his constant encouragement of those 
under him in the development of more efficient methods and equipment, the wi 
- period necessary for chart compilation was gradually reduced to about one- 
third of the time formerly required, with no impairment in quality. __ oa 
7 In connection with his work in the Chart Division he became interested - 
in beach erosion and devoted extensive study and research to this subject. 4 
- In 1921, the New Jersey Board of Commerce and Navigation asked Secretary — 
; of Ce ommerce Hoover to designate a representative of his Department 7 
serve on a an engineering x advisory board created to study erosion problems i in 


f participation by the State of ei: Jer ersey in the problem of shore protection. — 
In 1925, he was: appointed a member of the Committee of the Retin 
oe Research | Council on Shoreline Inves estigations and in the : following year = 
_ named its C Chairman. Knowledge of the importance to New Jersey of coast “iy 
“a protection suggested to the Committee ‘that a similar situation might exist 
in other States to such an extent as to constitute a national problem in whit 
the Council would be justified in becoming interested. _ Inquiry along re 


Atlantic and Coasts revealed. that almost e every State was ‘struggling 


groping its way toward solutions independently of the others. 


ee Since the National Research Council had neither the funds nor the wit | 


sonnel for a direct attack upon the problem, ‘the obvious method was to link 
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MEMOIR OF RA OF RAYMOND ‘STANTON PATTON 

together all these isolated efforts into a united one. This was ‘a 
through the creation of the American Shore and Beach Preservation Asso-_ 
peren organized i in December, 1926, through joint action by the Committee 

on Shoreline Investigations and the Governors of the Atlantic and Gulf 

Coast States. r Captain Patton took a “major part in its formation » was its 
Secretary-Treasurer until J ‘une, 1929, and a Director until his death. On 
~ aecount of his extensive knowledge of this subject and of the activities and 


records of the U. S. Coast and G Geodetic Survey he was frequently called upon — 


to serve as an expert witness in litigation concerning 


* ‘He « continued as Chief of the Chart ‘Division until April 29, 1929, 


he was s commissioned | by y President Hoover as. Director of the Coast por 
- Geodetic Survey, ‘succeeding E. Lester Jones, M. Am. Soc. CE, who died 


Under the leadership Admiral Patton the modernization of survey 
methods and equipment, whieh had been initiated by Colonel | Jones, was 
continued and accelerated. Through his | own progressiveness and the en- 
_ couragement he co constantly g: gave to his colleagues, great advances were , made 
+. the efficiency of all branches of the Survey’ s work. Many of the improve; 
effected were at the start highly experimental and their final success 
_ was due in no small measure to his vision of their possibilities and his un- 
i: An outstanding achievement of this period was the expansion of the — 
operations of the Coast and Geodetic Survey during the depression years 
from 1933 to 1935. From the beginning of the depression Admiral Patton 
realized that there was a a vast amount of work of this character which could 
be carried on to advantage throughout the country and that it was well 
_ adapted to the relief of unemployment, especially in the case of men with | 
engineering training. With the effective | e co- operation of the officers of the 7 
Society and others vitally interested in the conditions confronting the 
_ Engineering Profession | at that time, he was able to secure substantial ee 


bs 


ry 
to 
in 


( 
- ments of ‘emergency funds which were utilized to provide employment for a 
_ large number of engineers and, at the same time, to accomplish an extensive 


J _ amou amount of worth-while work much of which had been urgently needed for 
He derived great pleasure from the success of this undertaking and often 
“expressed his gratification at the receipt of expressions of appreciation from — 
- engineers who were 1 not only provided with ‘employment | during this a 
period, but were enabled to utilize their ability in their chosen profession for — . 
the accomplishment of projects of f lasting value to the ie 
ta Always modest and - unassuming, Admiral Patton wa was aman of high docs 
and integrity. In addition to being an able engineer and executive, he had > 
to a a marked degree which brought him high’ esteem 
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In the: death of Admiral P ‘Patton the Government has lost one of ites andi 
Es ‘eapeble officials and the engineering profession one of its outstanding leaders. a 
_ He was held in the highest esteem by his associates and by Members of, and 
_ Committees in, the Congress with whom he came in contact, and was recog- | 
mized as an authority in his work throughout the world. Coast and 
_ Geodetic Survey over which he has been the head for 81% years is one of the 
of “most efficient and progressive bureaus of our Government. — Devotion to ser- 
____-viee by men of the character, integrity and standing of Admiral Patton gives i we 
ca - @ new assurance to American citizenship ; it gives us greater confidence in the = 
future of our country. We grieve over his passing, but we are thankful for 
his contribution to the service of the Department ‘of Commerce and to the © 


ae) Patton 1 was vas a Past-President of the Ww ashington Society ea 
- Engineers; Life Trustee of the National Geographic Society ; Trustee of the 
Woods Hole Oceanographic Institute; ‘and a member of the National Research 
- Council, Association of American Geographers, American Geophysical Union, 
and the American Astronomical Society. He was also a member of the 
Cosmos Club, of Washington. . He ws was buried at Arlington National a - 
with full military honors, 
a He was married on November 7, 1912, to ‘Virginia Mitchell, of Seattle, 
‘Wash., who survives him. He also left a son, 
Helen and Virginia M. Patton; his mother, Mrs. Oliver Pa. 
a sister, ‘Mrs. . C. Custenborder ; and a brother, Paul C. Patton. 
Admiral Patton was elected a Member of the American Society of Civil | 


yas born on 5, 1882 2, in Tokyo, Japan, the son ot 
Martyn Paul and Augusta Anna (Gray) Paul. Both parents came ‘of old 
American stock. His father was descended from that Richard Paul who _ 
"settled in Taunton, Mass., in 1636, and his traced her descent from 


over, 
the Charles A. later, 1 recommended him for 
4 position of Professor of Astronomy with the Univ ersity of Tokyo, in J apan, 
when it was established in 1880. Henry Paul remained in Japan three years, wal 
ag and it was during this time that Carroll Paul, his only child, was born. - alle a 
- <i 1884, upon returning to the United States, Professor Paul held a 


in the Naval Observatory, at Washington, D.C. Y was in the ex 


— MEMOIR OF CARROLL PAUL” 4 
= 
— Db 
7 
| 
hy 
— 
— 
— 
* 
0 
— 
— 
— a 
— 
— i 
— 
— 
= ident of the 
2Memoir prepared in the Longyear Office, Assisted by F. P. Burrall, Pre 


eel Dartmouth in the Class of 1903, ails at t the : age of 21, was onan 
4 with the degree of Bachelor of Science. The following year the Thayer 
School conferred on him the | degree of Civil Engineer. b While in eollege he 
became a member of Phi Delta Theta Fraternity. pr 
y In 1904, Mr. Paul entered the United States Redadtation Service, first 
9s Engineering Aid, doing instrument work on the Roosevelt Dam, in Ari- 
gona; and then, in 1906, he was sent to the North Platte Project, in Nebraska, 
where many kinds of office work, such as monthly estimates, computation of 
; “costs, design of concrete drops in lateral canals, determination of irrigable 
lands, ete., were required of him in his capacity of Assistant to the Engineer 
in Charge of the Distribution System. 
= August, 1907, as the result of a competitive examination | in which Me 
stood first, he was appointed Assistant Civil Engineer, U.S. Navy, with the | 
ank of Ensign. was then assigned to duty at the General Electric Com- m- 
pany, in Schenectady, N. Y., for the purpose of making tests of electrical — 
_ machinery for the Navy. In July, 1909, he was transferred to the Bureau aay 
of Yards and Docks, at Washington, where, under the Chief of Bureau, he 
a had charge of the Power Plant Section, which handles all plans for operation, [ 
% repair, extension, and new construction of central power plants in all U. S. 
In September, 1910, Mr. Paul reported for duty ¢ at the Navy ‘Yard, in 
Norfolk, Va., where, as Assistant to the Public Works Officer, he had charge 
of the general maintenance and repair of public works at the Yard. 
In 1911, shortly after his marriage on March 25, to Helen Longyear, i 
a Marquette, Mich., , he was ordered to the Naval Station at Olongapo, in the 
Philippine Islands, where he acted as Public Works Officer in charge of all — 
- maintenance and repair, and, as such, served as a member of the Board for 
Special the Condition of the Floating Dry Dock Dewey, 
ently without cause. 
ih August, 1911, he was veld to the rank of Lieslenent (Junior Grade). 
In November, 1912, he was transferred from Olongapo to the Naval Sta 
tion at Cav ite, Philippine Islands, where he had charge of all public works; 
this included under-water repairs to a Marine Railway, where inspection bad 


be made in diving helmet and bathing suit. 


iva! 


At the expiration of his tour of duty in the tropics, Lieutenant and Mrs. by. 
Paul returned to the United States by way of India, Egypt, and pte es using, 
in this way, leave accumulated during their long absence from home. bee 
Lieutenant Paul, upon his return in September, 1913, was ordered to the 
Philadelphia (Pa.) Navy Yard as Senior Assistant to the Public W a 
Officer, _ who was often called away on other duty, leaving everything in in 
charge of his Senior “Assistant. Here, ‘among other, things, the work in- 


cluded the designing of ship-building ways, under the general supervision of 


April, 1914, Mr. Paul was commissioned a Lieutenant. The. following 


year he was sent to the Naval Station, at New Orleans, La., whats he was ¥ 


in full charge of all publie works. He also as 
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; Industrial Manager who had charge o of a the other operations of the ‘Static "- 


“a During his tour of duty in 1916, a 
came up from Cuba, destroying much shipping along ee Mississippi River ¥ 
and jeopardizing a floating dry dock k belonging to the Navy Yard. ie was a j4 
desperate: all-night battle to keep the unwieldy structure from breaking loose 


a . - and smashing its way down river through the anchored shipping, but finally — 


7 Lieutenant Paul and his men succeeded in getting it under control, saving ; 
not only the dry dock, but also the two ships laid up for r repairs lesiile it. 
In October, 1916, Lieutenant Paul reported for duty at the Navy Yard 
in Boston, Mass. , but a month later he was sent to emergency duty at the - 
- Naval Training Sation, Great Lakes, Ii. to take over work on the building 
_ and testing of a mechanical filter plant for the Station, 
_ _ This work completed, he returned to Boston just before the declaration 
with . Germany i in April, 1917, and was sent forthwith to Guam, in the i 
"center of the Pacific, to build a radio station 600 ft. high. Messages from 
N auen, in Germany, wi were picked up by 1 this eaeeneaaiibaaa that time ee a 


- Public Works Officer for the Sesion Barracks; in October of that year, 
following t the death of his father-i -in-law, he from the Navy to 


é rank of Li Lieutenant-C Commander (CEC), which was his status at the time 


With the to civilian life Mr. ‘Paul stepped into a different exis- 
which to > that ti time been of a more or less standard 


in unfamiliar fields, as lawsuits, investments, factory 
ment, and mine leases, but for fifteen _years he carried this burden without — 


Sunday, May 23, 1937, Mr. Paul rose early to go rifle 
in which he took keen delight. He made an excellent score, returned heal _ 
and, while dressing for dinner, fell dead. _Itw was with a profound sense of 
- shock that his family and friends learned what had happened, for r every = 
_ accordance 2 with his express wish, his funeral in Marquette wi was follow 
on J une 12, by interment of his ashes in the National at at 
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In July, 1917, he was made Lieutenant-Commander, and upon his 
a c to the United States in 1919, he went to Yorktown, Va., where ieee 
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“Paul by his widow, ‘Hae Paul by four 
children, Beatrice, Howard, Philip Martyn, and VE 
By virtue of his even disposition and kindly nature, Carroll Paul pos- 
ound a true flair for making friends, and his great natural gifts found ex- 
pression in many ways outside his professional work. For years, he was 
President of the Local Choral Society, and also one of the pillars of the 1e Mar- 

- quette Music Club. He did much serious work in music, his fine baritone 
voice showing to special advantage in oratorios such as the “Messiah. al ee 

a He found diversion i in ‘such sports as swimming and sailing and tennis, 
but the sport that held his deepest interest, and the one in which he ex- 
eelled, was shooting. 1924, he shot moose in Ontario, Canada, and, in 
1927 7, he made a trip into the “unmapped Peace River country, in Alberta, 
 @ Oleada; ts get Rocky Mountain goats and big horn, bringing back by way of 7 
: trophy, several beautiful heads. He was a member of aS Shooting Club, in 
Louisiana and a Hunting and Fishing Club, in Michigan, and, as his. interest 
in skeet shooting developed, he organized, in 1936, the Marquette Skeet Club 
which he was President at the time of his death. 
Other organizations to which he belonged v were the Rotary Club, the Uni-| 
~~ Club, of Chicago, Ill., the Army and Navy Club, of New York, N. Y., 
the Congressional Club, of Washington, D. C., and the Huron Mountain Club, 7 
_ Michigan. ys He was also a member of the American Society of Naval En- rs 


Bs ‘Mr. Paul was elected of the American Civil Engineers 


FRANKL IN CAL HOUN PILLSBURY, M. 


Diep May 15, 1997 
4 hay ranklin | Calhoun P Pillsbury, whose nue ‘was so closely interwoven with 
public highway history in Massachusetts, was 1s by his early connection with 


the State Highway Commission, a pioneer in the development of the modern 

™ Mr. Pillsbury was Project Engineer of the Massachusetts Department of 
Public Works. re He had previously been Construction Engineer, and before — 
that District Engineer of the former Massachusetts Highway Commission, 

P which w was the pioneer in American road- building - from the time of the ca 
_ bieyele days, through the automobile era. Previous ideals and methods had ~ 
to be cast aside, and new ae: to make a road surface that would — 

Franklin Calhoun Pillsbury was born on August 13, 1869, : at Chicago, Ill. 
the son of Samuel | and Georgiana (Dix) He came to Massachu- 


Delano, ‘State Dept. of Public Works, Boston. 
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locations. a few Massachusetts highways owe t their -attractiv eness 
vision as an artist which instinctively took advantage of features: 


Bowditch, of Boston, particularly on surveys and. ‘various construction 


- _In 1895, he began his service with the Commonwealth of Massachusetts as 
; Resident Engineer with the Massachusetts Highway Commission, shortly after 
_ its organization. In: the es early years of road- building his practical experience 
was of benefit in presenting to local communities reliable data and mathe 
Pillsbury became | a Division Engineer in 1896, and from 1896 t 


In 1920, he was appointed Construction Engineer, and, in 19238, he was 
-made Project Engineer, in charge of all surveys, designs, and estimates of 
highway costs (except bridges), the : selection of and highway layouts, 
and the preparation of contracts and specifications for construction and recon- 
ruction all highways built" by the Department. In this” capacity he 
planned such great. roads as the orcester Turnpike, the Providence Tek] 
— the Southwest Connection be- -passing the City of Worcester, the high- c 
ways connecting the East Boston Tunnel with the North § Shore Road, Revere 
aa Boulevard, and the Newbury port Turnpike, the Concord Road, North- hl 
ern and Southern Ar ter ies, and the ciroumferential highway—in fact, every 


method for the ¢ construction of bituminous | macadam m To: d surface, made 


great advance in the art of road-building. 


of Public Works W F. (Callahan has stated that: 
“The training which Mr. Pillsbury otaainad as the foundation for his 
pow professional work, was gained in practical experience. It is greatly hed 
his credit, that without the adv antages of attendance at college or technical _ 
school, he was able to develop correct principles of engineering, which, coupled — Hn 
- with his unusual ability to visualize, not only the final completed highway ae! 
far beyond that and into the future in the selection of routes and trends of — 
7 traffic, have resulted in a system of highways to meet the great demands of 
the rapidly growing volume of motor vehicle traffic. It may be said justly 
that the present great State Highway system is the result of his extraordinary — ; 
igh mastery of design and location.” 
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MOIR OF CLARENCE DUB BOIS POLLOCK 
Mr. Pillsbury was a member: of the Club, City Club, 
‘Daten Society of Civil Engineers, , Massachusetts I Highway Association, the 
American Road Builders Association, and the Massachusetts State Engineers — a 


He was married on January 14, 1897, to Bessie Wentworth, the aia 
of the late Dr. W alter Wentworth, of Pittsfield, Mass. Mrs. Pillsbury died 
20, 1932. is survived by two: sons, W. 


- _ Mr. Pillsbury was elected a Member of the American Society of Civil 


OCK, M. Am. Soe. C. 
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Bag e's in 1894 with the degree of Bachelor of Science in Civil Engineering. 
During his last two summer vacations Mr. ‘Pollock was employed | as In- 
of Sewers i in Newt ton, Mass., and as Instrumentman on surveys 
the coast of Maine for the United States Light House Establishment. Im- | 
a mediately following his graduation from college he was for six months Chief 7 
of Party on the construction ‘of the Commonwealth Avenue extension through 
the Newtons (then called Newton Central Boulevard’, under the late Henry 
D. Woods, M. Am. Soc. C. E., City Engineer, 
an In January, 1895, he came to New York City (where he spent 1 most of the | 
¥ Temainder of his life) a as Assistant to the late Col. George E. 


‘end snow- -melting machinery. “In J uly, 1895, Mr. 
“Pollock became Assistant Engineer in Bureau of Construction 


1 \ From May, 1900, to March, 1902, with the title of Senior Assistant Engi- — 
we of Sewer Division, he was in charge of construction during the rebuilding 5 


in street paving, drainage, utility conduits, street vata’ reconstruction, ete. 


: of the sewers in connection with the building of the first subway (Lafayette 
- Street, Fourth Avenue, 42d Street, and Broadway), with Calvin W. Hendrick, __ 
, ‘ Engineer of Sewers of the New York Rapid Transit Railroad Commission. ¥ 
‘ a For the following ten years he s 
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a prs MEMOIR OF CLARENCE DU BOIS POLLOCK 


Highways, i in charge of paving construction, first in the Borough of Brooklyn, , 
i then in Manhattan Borough, and during the last two years, he was —_— 
in Charge of the Bureau. boul @ 
In 1912, Mr. Pollock was. employed by the Cuban Government as as Chief 
Engineer of Pavement Construction in H Havana. _ In the latter part of 1913, 
e returned to. the United States as Consultant to the City of San Antonio, 
he on street widening and paving under a $4 500 000 bond issue. = 
a From July, 1914, until his death, Mr. Pollock conducted a private — 
neering puiitben wh 15 Park Row, New York City, s serv ing ‘both ‘municipalities 
and _ private corporations as Consulting Engineer on construction, litigation, 
appraisals, arbitrations, ete. During the World War he had charge, as Project. 
i Engineer, of three housing } projects for the United States Housing Corpora- 
> tion, and one (at Groton, C Conn. ) for the United States Shipping Board, which — 
to. included the construction of all the utilities—water supply, gas, , electricity, 
a sewerage, and paving. In 1929 and 1930, he made an engineering investi- | 
gation of, and report on, the paving and highway work done in Cook County, : 
_ Hlinois, under a $24500000 bond issue; and was one of a board of — 
Fe engineers appointed by Mayor Peters, , of Boston, Mass., to conduct a paving = 
investigation. For about fifteen ye ears he was Consulting Engineer of the 
Granite Paving Block Association. 1916 to 1921, inclusive, he was 
Senior Member of the firm of Pollock and Taber. i — 
At the time of his death Mr. Pollock had superv ision, as Chief Resident ie 
- Engineer Inspector for the Public Works Administration, i in New Y ork City, 


of work valued at $18 000 000, including incinerators, sewers, grade crossing, 


9 For many years he had vith. a regular or occasional Lecturer on oie 


at several engineering schools, including the Massachusetts Institute of Tech- 


was active in many technical including the Society 
r Testing Materials, I Perm manent International Association of Road Con- 
_gresses, National Conference on City Planning, American Society of 
pal Engineers (of which he was | a Director), Brooklyn Engineers Club (of < 
Tile he was a Charter Member and Past- President), Technology Club of 
New York, Municipal Engineers Club (of which he was Secretary for several — 
a  aheaialtoae and o1 one of the Founders and Past- President of the Technology Alumni 
Society. For several years he was a Trustee and Financial Secretary of the — 
Bedford Presbyterian Church, in Brooklyn, ¥. 
wal It is for himself rather than for his | professional ‘accomplishments ai ae 
Services that those who knew him best will remember him 


saw the best in any one e and made allowances for less ad wi 
could not be ignored. A contractor once said: “T would not think of putting 
one over on Pollock—I would hate to hurt his feelings ”, which illustrates me 


of his lovable on even the m most “ ‘hard boiled. fr... Those 


= 
San 
— 
— 
i 
q 
— 
— 
= 
= 
— 
— 
_ 
4 
| 
— — 


they knew he was ‘their friend. so much 
giving pleasure to others; no trouble was too great if it would do this. sre a 
- _He was married in October, 1896, to Frances Brown, of Boston, Mass., who 
survives him, as does also a sister, Mrs. Gillett Wynkoop, of Princeton, } v. J. 
Mr. Pollock was elected an . Associate Member of the American Society of ty , 

Civil Engineers on January 1902, and a Member on April 4,106. 


HENRY IRWIN RANDALL, M. Am. Soe. 


_ Henry Irwin Randall was born at Pownal, Me., on August 20, 1863, the 


was educated the 


at 


Pe, Mr. Randall entered the employ of the Southern Pacific Com 
1887, and from that date until November, 1890, he was engaged on : wallecnd 
location, construction, and maintenance of the lines, of the Company. 
xt From November, 1890 , when he left the service of the Southern Pacific — 
~ Company, , until July, 1895, Mr. Randall was employed as Instructor in the ) 
College of Civil Engineering of the University of California, and from this 7 
latter date until July, 1903, he served as Assistant Professor. During many 
_ vacations and also during a short leave of absence from his college teaching, 
he was engaged by the Southern Pacific Company on railroad location, ae 
struction, and maintenance ‘wo rk. 
‘In July, 1903, after resigning his Assistant Professorship at the University 
California, Mr. Randall again entered the service of the Southern Pacific 
~ Company, i in the Engineering Department, as Assistant. Engineer, being ¢ em- 
_ ployed principally on railroad location, construction, and on special work, 
unde r the direc ction of the _Company’s 8 Chief Engineer, and remained ‘there 
until December, 1914. e During this | period, Mr. Randall was engaged | on 
difficult mountain railroad location on sections of the railroad between San 
From December, 1914, to January, 1916, Mr. Randall © was engaged in 
- private practice ; and from January, 1916, until July, 1921, he again was 
- engaged i in the service of the Southern Pacific Company, this s time as Assistant — 
_ Engineer in connection with railroad construction and valuation work, = 
After he left the service of the Southern Pacific ‘Company in July, 1921, 
. and until the time of his death, he did not engage in any professional activi- 


-; ties, except for the period from October 3, 1925, to January 1 15, 1926, | when 7 i 
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: One ¢ of Arthur Reeder’s ancestors, when only two years old, was almost — 


MEMOIR OF OF ARTHUR LOWRIE REEDER > 
3b Mr. ‘Randall had a high s sense of responsibility and devotion t to a and 
a work entrusted to him was completed with painstaking care. He was a 
- skillful « and accomplished engineer and a man of high principles and integrity. 
“i He was a member of Durant Lodge, Free and Accepted Masons, ee 
Commandery, Templar, and the First 
Randall was a membership in the Society i in 1934, 
paid dues as a Corporate Member for thirty-five years. 
: He is survived by his widow, Mrs. Gertrude L. Randall; two sons, Richard _ 


Ray Randall, and Winslow H. Randall; and a daughter, Elizabeth Randall. | 
eee Mr. ‘Randall was elected a Member of the American Society of of pe 


ARTHUR LOWRIE REEDER, M. Am. Soe. C. 


thur Lowrie | Reeder, , the youngest of sons, bom on June 


trace “Seotch. ‘father’s great- great- great- ‘grandfather, John 
Reeder, came from England to Salem, Mass., in 1652. His grandmother's 


great-great-grandfather from England t to Bristol, Pa., in 1705, ‘ade 


bought a farm of 475 acres in the vicinity. His mother was the great- -grand- 


daughter of Dr. Isaac Harris, of Southern New Jersey, who was surgeon 


on General W ashington’ Staff during the Revolutionary War. She was also 
descended from Vine an Nieukirk, of Holland, whose son came to this 


_ burned at the stake | by Indians. _ Held in his mother’s arms, he was saved — 
by a rescue: party any ser ious damage had been done. Another an- 


ran an early ferry- -boat between Brooklyn, N. ,and New Pork, N. > 


Silas Andrews Reeder, his father, a graduate of the | University of Penn- 


_ sylvania. Medical School, at Philadelphia, Pa. , was a Surgeon in in the United 
States Navy throughout the Civil War, being attached to various vessels of — 
Key West Squadron, engaged in the blockade of Mobile, Ala., , and | other 
_ Arthur Lowrie Reeder obtained his education in the Central High School, 
Philadelphia, and the University o of Pennsylvania, where he ‘obtained the 
a degree of Bachelor of Science in Electrical Engineeri ing, in J une, 1900. ‘He a 


began work immediately with the New York Shipbuilding "Company, of 


‘near the site of the present Brooklyn Bridge. 


/ Camden, as a Special Apprentice. The following year he wont to the Wil- 


by William C. Reeder, M. Am. Soc. C. 
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OF ARTHUR LOWRIE REEDER 
iam Cramp and Sons’ Ship and Engine Building Company, of Philadelphia, 
as a helper on installation of auxiliary machinery in ships. 
In May, 1902, after a few months with the Baldwin Locomotive » Works, 
‘he entered the service of the Filtration Bureau, of Philadelphia, on the design pete 
and construction of a $28 000 000 improvement to the Water System, includ- | 
‘ing five filter plants, pumping stations, conduits, pipe lines, reservoirs, ete. 
He also had charge of the design, specifications, construction, and main a ie 
tenance of all electrical work, and, later, ‘Tepresented the Water Bureau in Ae 
an n electrolysis survey of all water pipes in the City’s syste a. This engage- 
After a year. as an Instructor of Mathematics at Temple University, 
~ Philadelphia, Mr. Reeder began, in 1 1910, a 5-yr engagement with the Water 
§ Department of the City of Baltimore, Md., as Designing Engineer, Chief 
_ Draftsman, and Principal Assistant Engineer on a $5000000 water supply — 
improve d construction of a dam, pumping fs: 
station, and a 128 000 000-gal mechanical filter plant. 
— From March, 1916, to May, 1918, Mr. Reeder was, successively, Assistant 
. Engineer with Hill and Ferguson, of New York, N. Y., on water supply, , water 
purification, sewage treatment, ete. ; with the late Feasts H. Fuertes, M. Am. by 
C. E, gn of 
sewage treatment plants; ‘and with ‘Day | and 
New York City, on appraisal work, 
the next two years, he was with the ‘Department of 


‘Health, in 1 the Design and Construction Section of the Engineering Division, — 


Assistant Engineer and Section Chief on investigations, plans, ‘specificn-— 
tions, and supervision of construction, for water supply, sewage treatment — Pi 

plants, incinerators, and the preliminary design of two large hospitals for 


The followi ing year Mr. Reeder was with ‘the Division of Water, 


4 


"pinning, design of filter studies of chemical solutions. 
a From June, 1921, to March, 1924, ‘Mr. Reeder began the first of a series of 7 4 
q three engagements with the Bureau of Water, at Reading, Pa., at this time = 
making a thorough study of the existing water facilities of ‘the ‘city and 
- formulating a a ‘comprehensive | plan for the extension and improvement of the _ 
water supply, at an estimated cost of $7600000, 
‘During the remainder of 1924 and 1925, Mr. Reeder w was with Gannett, 
- Seelye and Fleming, Engineers, Incorporated, of Harrisburg, Pa., in charge 
of all designs and specifications for dams, filter plants, pumping stations, and 
_ Sewerage. In 1926 and 1927, he was s again with the Reading Water Bureau _ 4 
as Engineer in charge of the Improvement Division on the preparation of a 
reservoir site, the design and construction of a dam and reinforced concrete __ 
highway arch design of a 42000 000-gal 
In 1928, Mr. was with the Mahoning V alley Sanitary District, of 
Youngstown, Ohio, in charge of all designs for a water r system fo 


i= 


ay 
= “3 
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Niles, Ohio, including mains, clear- water “Teservoir, 
electric pumping station, and a 42000 000-gal water purification and soften 
ing plant, the total cost of which was estimated at $9 150000. From the fall — 
of 1930 to March, 1932, che was” again in Youngstown continuing this im- 


provement. During 1929 and carly in 198 30, Mr. Reeder was with H. Bur- 


dett Cleveland, M. Am. Soe. C. E., of New York City, as Principal Assistant 
Belews on the construction ery a trunk sanitary s sewer and treatment plant 
and the design of incinerator and water supply improvements. = =~ 
April, 1932, to returned for his third engage- 


Division, on active resumption of the work. This included 

and ‘specifications for twenty- -three contracts for the construction of 

“* erry ‘tunnel, two clear- water reservoirs, and the first unit ‘consisting of 
ne-half of the ultimate 42 000 000-gal mechanical filter plant. _ aa 
year 1986 spent in extensive: pom be- 


at the time of his sudden there TA 
large-scale water ‘supply improvements included the design, construc- 
tion, and repair of eighteen water purification a 


Mr. Reeder was quiet and but | sense of 
His reaction to casual events showed a mind acutely dies to the ridiculous. a 
His wit was never unkind nor at the expense of others. He had many ' friends — 

and no enemies. . Hi is engineering work was most painstaking and accurate, 

th. and he was punctilious in maintaining the highest ethical standards. a 
pa He was a member of the American Water Works Association, the Penn- 

sylvania Water W orks Operators’ Association, and the National 

Society. He was also a member of the Presbyterian Church. pire alt 

> He was married on June 8, 1904, to Annie A. Helffrich, who died in 
Pa., in November, 1934. They had no children. He is survived 


= 


by three older brothers, Franklin H. Reeder, William C. Reeder, M. ro Soe. 2 


r. Reeder was elected : a Men aber « of the American Society of Civil Engi- 


MON ROE RIPLEY, M. : ) 
wi Theron Monroe Ripley was | born at “Macedon, Wayne County, N. Y., on . 
4 September 28, 1868, the son of Theron Powell Ripley an and Anne (Norton) 
Ripley. His career includes participation in two wars, construction of bridges — 


- _2Memoir prepared by a Committee of the Buffalo, N. Y., Section, consisting of John — 

H. Feigel, Assoc. M. Am. Soc. C. E., and George S. Minniss, and George Unger, Mem- — 
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of sixty of surveys on railroad lines through v un- 
Be Young Ripley then obtained a position with the Montana Power Company — 
_ making surveys for a new hydro-electric plant on the Missouri River, on 
which he later served as Resident Engineer during construction. 
" In April, 1898, with the true pi patriotic . fervor which 1 he possessed, he left — 
Montana to participate in the Spanish-American War, first as a Sergeant in 
- the First Montana Volunteer Infantry, seeing service in the United States 
finally, in Manila, Philippine Islands. At the conclusion of the war 
-: Spain, Mr. Ripley entered the employ of the Philippine Commission % 
Tag served until 1901 as Superintendent of Parks for or the ( City of Manila. oy 
On his return to the United States in 1901, he became Supervising Engi- 
7 neer for the Ohio Bridge and Ferry Company on the construction of a new 
bridge across the Ohio River, at Marietta, ‘Ohio. At that time he “made 
Special study of the Ohio Canal and for a year oe Chairman of the Legis 
lative Committee of the Ohio Camal Association, 
F From 1903 to late in 1905, he carried on a priv rivate practice as a Consulting 
Engineer, at Marietta, ‘during which time he made | surveys for electric rail- 
road lines and numerous other utilities. He also designed and built the 
"sewage disposal plant for ‘Washington County, Ohio. 
Mr. Ripley returned to New Y ork State in 1905, a and served, successively, 
. as Assistant, Senior Assistant, and Resident Engineer on the Barge Canal © 
in New York State. During this time he designed locks, dams, , prisms, re- 
taining walls, s, ete., a and in re-v writing the Canal 
tions; he made an inspection of the progress work on the Mohawk River, | 
and, later, had charge of work on the e Oswego River amounting to $5 000 000, | | 


’ ‘including new and varied types of construction, and the installation of several 


BY 6 In 1913, he became Division Engineer in in the New York State Highway ; 
Department and had charge « of the Watertown, N. Y., Office, with the super- -. 
_ Vision of surveys, design, and construction, as well as maintenance of that i 
important construction ‘division with its ‘modern, improved roads through he 
_ At the entrance of the United States into 0 the W orld War, r, Mr. Ripley was : 
Commissioned a Major of the Corps of Engineers, U. Army. He reported 
for active | duty on December 28, 1917, , at Camp Lee, i in Petersburg, Va., and 
on January 5, 1918, was made Chief Engineer at Camp Abraham Eustis, near 
_ Newport | News, Va., and very shortly thereafter was made Construction 
Quartermaster at Park, Georgia, which included Camp Forest, 


_ Camp Greenleaf, Camp Oglethorpe, as well as Base Hospital No. 14 and Prison 


— 


oa tric plants, rehabilitation of cana 8, and the bui ling of 
which he was gradua ith the Montana Railroad 
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MEMOIR OF THERON MONROE RIPLEY 
At the conclusion of the war the necessity for the s settlement of dsing 
and other business connected with the Chickamauga Camp, held Major Ripley 
= 1 service Ul until June 24, 1919. At the termination of his military service he 
returned to the New York State Highway Department as Division Engineer | a 
at Watertown, and later, at Hornell, N.Y. 
eon Early in 1921 he was made District Engineer of the New York Department va 
' of Public Works, in charge of surveys, design, construction, and maintenance a 
- of highways, maintenance of the Barge Canal, 3000 miles of highways, and 
20 miles of canal and terminals, with headquarters. at Fulton, N. Y. '" In 1925, 
he was placed in charge of the Western Division, with headquarters in Buf. a4 
ne In May, 1926, Major Ripley re resigned from his p position with the State to to 2 a 
¥ aed an appointment by the Erie County Board of Supervisors as Chief — 
_ Engineer of the Greater County Highway 4 
Department. As Chief Thasthowr’ of this project ‘he built a system of wide 
highways in the towns adjoining the City of Buffalo that involved more than a 
$25.000000 in construction cost. % He initiated and had charge ¢ of 1200 
sq miles of aerial surveys and mapping of Erie County, New York, a 


The Greater Motorways System included ‘the construction 


In January, 1931, , the task of the Greater Motorways Erie 


and established a private engineering pr ractice ‘which he ‘carried 


until the time of his fatal illness. His practice consisted of appearances ‘3 
__ before the Public Service Commission of New Y ork State as an expert: on 


grade separation and grade- -crossing e elimination, as well as expert. testimony 
before the New York State Court of Claims. 


also took a deep interest in the improvement of the New York State 
pia: Canal and, by his intense study of the St. . Lawrence Waterway Project, 
& became one of the best informed engineers | in the East of this project. be 


During the three or four years preceding his death, he was ‘Chairman of the 
Canals and Waterways Committee of the Buffalo Section of the Society se 
wrote exhaustively on some of the phases o: of the St. ‘Lawrence WwW aterway. a 


On May 8, 1902, Major Ripley was married to Edith Mills, a Marietta, — Bi) 
Ohio and the delightful companionship of these two former students at Mari- a 


College continued during the Major’s lifetime. His survives him, 


as does also : a son, Mills N. Ripley, and a daughter, Mrs. Edwin F, Cellette. 
ganizations, among them being the Buffalo City Association, Buf- 
Chamber of Commerce, Liscom- Seyburn Post, Spanish- -American Wa 
Veterans, American Legion, American Society of Military Engineers, 
-falo Athletic Club, Rotary Club, of Ww atertown, N. Y., Torch Club, of 
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MEMOIR OF WILLIAM KERPER RUNYON 


*bedhe an indication of Major Ripley’ s patriotism he held, until the 1 time of 


¥ _ Major Ripley was elected an Associate Mdadier of the American Society of res 
Civil Engineers « on ‘November 6, 1901, and a Member on February 28,1911. 


Wi ILLIAM KERPER RUNYON, M. Am. Sec. Cc. 


dite olf 28, 1988 pitivals 


_ Few men are privileged, during their lifetime, to travel as ‘ “Bil” ‘Runyon’ ‘ 


; ‘éa, to many ¢ of the remote and little known corners | of the nN, there to find 
important work for their minds and hands to do, strange sights for their eyes 


_ to see, and interesting friends to share their joys and sorrows. e hunk ieee" 


illiam Kerper Runyon was born in Newark, on January 11, 1877, 
the son of Enos and Rose (Kerper) ‘Runyon. Both parents" were descended ‘aa 


from early American families, and were natives of Rahway, N. J., and 


Mr. Runy on attended the Newark Academy and the Newark High School, 
- from which he was graduated at the age of fifteen. He entered Lafayette Col-— < 


lege, at E aston, Pa., from which in Ofvil Engineering in in 
1896, and received his Master’s Degree 


Upon leaving college in 1896, he started his professional career as a Rod- > 


for the Erie Railroad Company in Jersey. He from 


served as a in the 2d New J ersey Volunteer 


= 


Following the war, he obtained his Master’s Degree and, from 1899 to 1901, 


“held va various positions as Rodman and Chief of Party on railroad valuation 
and construction work with the New J ersey State Board of Assessors, the — 


North Jersey Title Company, the Virginia Short Tine 

November, 1901, found him in Cuba, where he was employed as Resident i 

Engineer on railroad 1 construction f¢ for the Cuba Company, at -Camaguey, Cuba. 

i Following this en ngagement he returned to the United States and the Erie wil a 


road Company for a few months, as 


The lure of foreign | places: was strong, however, and i in October, 1902, 


- obtained an appointment as one of three American engineers employ ed ay the a 
_ America- China Development Company on the location and construction of 
the Canton-Hankow Railroad, with headqu quarters in Canton, China. His 


ta 


duties on this aa carried him far into the interior of China, to] provinces _ 


. Am. Soe. C. E. 
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neve er before been ui sited by white n men. Tt is to read 


‘trepidation. In of his outstanding service on this project, he 


Ww hile engaged on this work, he found himself at times regarded by people 


of the country as a benevc olent foreign god, and, at - other times, the object of. 
rifle fire—a man with a price upon his head. Undaunted, he quietly and un- 
‘ _ swervingly carried to completion the location and construction ¢ of his division | 
i of the great railroad, accomplishing delicate diplomatic missions with high 
governmental officials and solving technical problems with equal facility. It 
~ during this | engagement that Mr. Runyon first became acquainted 


- Herbert Hoover, Hon. M. Am. Soc. Cc. E, for whom he always maintained the 


C ompany. _ One year later, in November, 1905, he became Resident Engineer 
the Cuba Eastern ‘Railroad, at t Guantanamo. 
_ From July, 1906, to September, 1907, he was employed i the Bolivia Rail- | 
way C Company as Locating Engineer, with headquarters in La Paz, Bolivia, — 4 
but wa s forced to leave he contracted pneumonia while working 
- eieaiteiian territory at an altitude of 13 000 ft above sea level. ee 
—_— September, 1907, he was appointed a Division Engineer on the famous _ 
Madeira- Mamore Railway, : at Porto V elho, Brazil. Iti is said of the construc- 
jie of this railroad that “a man was buried with | every tie.” Repeated at- 
tacks of jungle fever finally forced Mr. Runyon to leave the project after two 4 
and one-half years of service, at which time he and 1 the Surgeon General wae 


= oldest men in point of service remaining on the 


enty of the Wow York Central Railroad Company, for the State of 


‘Returning to » South’ America i in March, 1911, Mr. ‘Runyon was by 
7 a the Government of Peru and the Eddy Peruvian Company as Assistant Chief F 
4 Engineer and, iar, as Chief Engineer i in the making of preliminary surveys 
and estimates for construction of the Amazon Pacific Railroad, the 
Ucayali Railroad, and the Huancayo- Railroad, in that country. 

Mr. Runyon next operated a copper mine at Moquequa, Peru, as General ff 
4 Sidiadies and part own mer, but disposed of his interests when the | Unite od States 


ws _ Returning to o this country, try, he sex ‘served as Office Engineer i in the Office of the : 


er 4 


Chief of Engineers, War “Department, ‘Washington, D. , where he was 
. 4 cipally engaged i in the distribution of materials for military railways until the x ily 
_,. close of the war, and thereafter in the inventory and sale of this equipment. | f 
Soon after to ‘Washington, he was married to Minerva M. — 4 t 
in December, 1918, who passed away on December 27,1931. 
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MEMOIR OF HIRAM NEWTON SAVAGE 


“00, Mr. Runyon returned to Peru as Chief of the Technical Division of : 
Duval and importers and of automobiles, 


He Deputy County Surveyor in n charge of the 
Sewer Permit Division, which was established under his direction. He made 
among engineers, contractors, § and Property owners who 


_ During this period he also supervised the preparation of sewer records and 
“maps” of more than 810 miles of sanitary sewers constructed under the super- 
vision of the County Survey or, and computed the quantities upon which 
ment to contractors was made for this work. pl 
~~ Runyon was @ member of the Phi Kappa Psi F raternity, and the Bone 
F and Key, when in college, and remained an active ‘member of his Alumni 
group. He was a member of South Pasadena Lodge of Masons, the Royal ’ 
- Arch, Knights Templar, a Thirty- second Degree Mason, and a member of the ; 

Al Malaikah Shrine, : at Los Angeles, ‘Calif. 

is ‘survived by his widow, Mrs. Francis | wibw 
Those of his friends who knew, him best will, always remember his quiet, 

way disposition, his courtesy and tact, his unswerving loyalty, his ready 
smile, and cheerful disposition. 


At the insistence of friends, Mr. Runyon wrote : a number of sparkling 


years that preceded his death. wai 


many co-workers and others. — Those stories revealed how greatly he enjoyed — 


his life in all its fullness, a nd furnished some conception of the manner in — 
which American engineers became known throughout the world as ambassadors 
“of peace and good will. AM oh 


) — Mr. Runyon was elected a Junior of the American Society of Civil Engi- 
‘neers on April 5, 1898; an Associate Member on October 5, 1904; and a Mem- 


bine HIRAM NEWTON SAVAGE, M. Am. Soc. C. E.' ‘od 


aie Hiram Newton. Saves was born in Lancaster, N. H., on October 6, 1861, = 
3 the son of Hazen Nelson and Laura Ann (Newton) Savage. He was the con , 


Memoir prepared by Charles P. Williams M. Am. “Soe. C. BE. 4 
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OF HIRAM NEWTON 


— 


of a After his ‘public school « education, Mr. Savage bia dy: 


as H., from which was graduated in 1887, with the degree 
Bachelor of Science. In 1891, he was graduated from the Thayer School of — 
— Civil Engineering, of Dartmouth College, with the degree of Civil Engineer. 4 
In 1913, the University of New Hampshire conferred upon him the honorary , 


1888, Mr. ‘Savage wi was Engineer, and, later, Resident Engi- 
neer, of the East Tennessee and Georgia Railway, the Nashville and fay 


Railway, and the Athens (Tenn.) Improvement Company. From May to 
July, 1889, he served as Assistant Engineer of the Hydraulic Mining | Com- 
"pany, in the San Pedro Mining District, New Mexico, and from July, 1880, 
to April, 1890, he was Chief Engineer of that Company and of the Rio Grande — 
Water Company, in New ‘Mexico, in 1 charge ot a survey y of the Ortiz, San Z 
eae and Tejon Grants, embracing 100000 acres; placer-mine Prospecting — 
and locations; ditch location and and preliminary location and 
estimate for a pipe line, 58 ‘miles in length. _ From April to September, 1890, | 
he was Engineer of * Billings Park ”, White River Junction, ‘Vermont. | ‘7 
September of that year he located an extension of the sewerage ‘system of 
* After: his graduation from the Thayer School of Civil Engineering in 4 
1801, Mr. Savage went to Southern California, and was employed by the San 


a 4 Diego Land and Town Company, o of National C City, Calif., as Chief Engineer, 


in charge of the construction of the Sweetwater Dam and Distribution System 
was to be used to furnish irrigation and domestic supply. His 


included the "construction and reconstruction, operation, and maintenanoe 


@ location, construction, and maintenance of the National C City and Otay Rail- Fe 
owe way; and ‘the construction on of Sweetwater Park and Race Track, at National 


Otay, and Lower r Otay Di Dams, and the water-carrying system to San’ ln 
_ From 1898 to 1908, he was Consulting Engineer for the San Diego - 
‘Cuyamaca Railway ‘Company, the San Diego and La Jolla Railway Company, 
: ‘the Coronado Beach Railway Company, the Cuyamaca Water Company, and — 
the Contractor for the Zuninga Shoals Jetty, in San Diego ‘Harbor, 


In 1903, Mr. Savage | was appointed in ‘United 


preceding year, from (1905, to 1915, he was Engineer of the 

Northern Division of that Service, including the States of Montana, North 
Dakota, and W Wyoming. . The District included eleven primary projects: The 
Bunty, Lower Yellowstone, Sun River, Milk River, St. Mary (storage), 
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y Flathead (indian), Blackfeet (ladien); ‘end: Fort Peck indie) in 
Montana; the Williston and Buford-Trenton Projects, in North Dakota; and 
the Shoshone Project, in Wyoming; all of which were under construction _ 
and operation within the period of his’ service. He also investigated the 
ms ‘jrrigation possibilities for about ten ‘secondary projects, with a view to ‘their » 
construction when and if funds were made available. Among the many 

1G important structures built on the primary projects w were the Shoshone Dam, 

i- a concrete arch, 328 ft in height above the foundation, then the nighest: dam 


Mr. Savage at times served on Consulting Boards relative to the work in | 


ce resigned from the U. S. Reclamation Servies in 1915 and, in 1916, 
became Consulting and Supervising Engineer for the § Sweetwater "Water 
Company of California, engaged on on the reconstruction and enlargement of 


_ the Sweetwater Dam, the spillway and abutments of which had been damaged © 


From 1917 to 1923, Mr. Santen Hydraulic Engineer for the City of 
an Diego, Calif. He supervised the design and construction of the entoal 
and the new Lower Otay Dams, the enlargement and reconstruction of 
yw and Spillway, and the extensions to the City’s rapid sand filtration 


ants. During this period, he compiled all known hydrographic and clima- , 


3 addition to Ms work in the Northern Division of the Reclamation Gave, 


preeet data rs San Diego County, made estimates of the future water re 
quirements for the City of San Diego and vicinity, investigated available | 
_ water wr resources, an and made a plan of future water development for the city 
and its — with and estimates the dams, resery oirs, 


for the acquisition of the necessary rights of way. Notwithstanding the ex- 
¥ ‘cellent and valuable work done by Mr. Savage during this engagement, his 
relations with the City Government of San Diego were not at all agreeable. 
The City Council was composed largely of politicians, who had little appre- : 
T 
‘ciation of his’ work, and whose actions were governed by + political n m i. 
5 mie than the good of the community. Finally, ‘when a meeting 
of the hostile City Council, he was subjected to a tirade of criticism and 
4 - abuse, and was informed that his services were terminated. Much to the 
D-unerp of his opponents, who had expected a retort in kind, he replied calmly 
“very well ”, and with sedate « dignity withdrew from the Council Chamber. — 
My in 1923 and 1924, Mr. Savage 1 made a trip « around the world, , visiting nine- 
a ‘teen foreign ‘euuaiiens including Italy, Egypt, the Sudan, the Holy Land, = 
- Java, the Philippine Islands, China, and J epan. J A second tour was made i in 
tateh and 1925. On this tour, he visited Hawaii and twenty foreign | countries, Cau 
including the South Sea Islands, New ‘Zealand, Australia, the Philippine 
India, w 


visited also Mesopotamia, where he reported to both King Feisal to 
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MEMOIR OF HIRAM NEWTON SAV! AGE 


the British officials, on the aed for the 
irrigation at Trak. He traveled overland a across the 


a presen by a force of negro porters, "He went into Abyssinia, through es 
Sudan to the Congo, through Uginda across” Lakes 


“Officials of the Sudan, Egypt, and the British on te 
- - irrigation requirements. of Egypt and the Sudan, on the water resources and 
; on the control of the N ile, with recommendations to construct a third dam 
on the Nile at Nag Hamadi, and to increase the — of the Assuan Dam 


social, and economic conditions and 
Bee 1926 yar 1997, he isin a tour of inspection of the majority of the 
Latin-Am -American Republics in the W est Indies, Central America, and South 
; America, g going from New York, N. Y., to the West Indies, thence to Central 

_ America, through the Panama Canal, dst the West Coast of South America, 

— by the Transandine Railway, from Valparaiso, Chile, to Buenos Aires, Arge 

. tine Republic, and thence back to New York. Several trips were made into 
“the Andes Mountains. FF rom Buenos: Aires he made a trip: inland of more 


7 than 1 800 miles. From Rio de Janeiro, ‘Brazil, a trip was made into the i in- 


tributaries of the’ Rio de la Plata. p On ‘this: tour, studies were made of a 
natural resources of the several countries, with reference to the feasibility of 


In 1927, Mr. Savage a again made inspections of the principal irrigation — 
projects in United Gentes, thereon to nt Coolidge 


1927 and 1928, he a third trip around the 
American Republics of South “America, thence across South America by ‘the i: 
-Transandine Railway, across the Atlantic, traveling 4000 miles in South | 
Africa , from Cape Town to the Belgian Congo, continuing to Mozambique, 


‘Tanganyika, and Kenya, across the Indian Ocean, and to the interior of 
‘x ortheast India, thence ‘to Arabia, Egypt, and the controlling works of the 
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MEMOIR ov AM NEWTON SAVAGE 

supply” and work at the combined water supply project of Man-— 
chester and Liverpool, and the water supply of Glasgow, returning by way of 
_Treland, thence across the Atlantic to Canada and the United States 


_ For a time Mr. Savage was associated with Research | Service, Inc. of 
ye After five years of fruitless endeavor by the City of San Diego, to make 
- gome progress in the development of its water resources, within which time 
the Sutherland Dam was begun and later abandoned, the citizens had become 
“$0 insistent | in demanding the | return of Mr. Savage that the City Council 
deemed it necessary to comply with their demands; accordingly, on July 2, ier . 
1928, he again took charge of the Municipal Bureau of Water Development, _ . 
and Maintenance. this time until his death he served the 
City with zeal and untiring energy. Even during his last sickness, he in- 
sisted on being informed daily regarding the progress of the work under his his 
During this last engagement negotiations and acquisitions of rights of a 
way and water rights progressed as rapidly as economically possible. Ar- 
etngement with the Federal Government was made relative to securing, when 
needed, an additional supply of water from the Colorado River, and plans — 
were ‘developed for works for the conveyance of this supply. The El Capitan | 7 
Dam was constructed giving the city an additional supply of 10000000 gal 


his life Mr. Savage had an uneanny of human 


ab, 4 
= 
foresight and ability to anticipate future needs and plan according]; 
were remarkable. _ Sweetwater, Barrett, Morena, El Capitan , and Savage 
} Dams, which will serve the inhabitants of the San Diego area for ages to. ; 


in of its” supply, 


come, will stand as ‘monuments to his s ability as a man and as an engineer. oa 
ot, Mr. Savage wa was married in December, 1891, to Linna Bell Clough, of . 
New: Hampshire, who died in October, 1897. Two daughters were born | to 
_ them, Lucy Eunice (Mrs. Robert L. . Colthart) and Laura Ada (Mrs. Lawrence 
CW. Hoppe). In 1927, Mr. . Savage was married to Eugenia Hurlock, of Mary- 
land, who, with his daughters, survives him. j= | a 


ze! He was a member of the University Club and the ‘Rotary ( Club a of ‘San 


Diego. was also a member of the Masonic Order. 
me. was elected an Associate Member of the of 
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| work. His ability to find the “ulterior motive”, together with his unques- 
= & tioned honesty of purpose and integrity, made him loved by his friends and = 4 fe 
hated by those who opposed him. = — 
motto was “the most good for the greatest number throughout the 
ongest time”. Stoical as an Indian he was never swerved by raise or 
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| 
- Walter Justin Sherman was born at Florence, Ohio, on October 16, 1854, " 
the son of Nathan Gould and Elizabeth ( Otis) Sherman » and the grandson i 
of Justin Sherman who settled at Wakeman, Huron County, Ohio, in 1822. = 
: He was a lineal descendant of Sarah Mitchell, the sister of an early President a 
4 + of Harvard University, and of Samuel Sherman who settled in Watertown, — 
After his graduation Norwalk (Ohio) High School in 1873, Mr. 
Sherman entered Cornell University, at Ithaca, N. Y., from which he was 
Pay, @ graduated in 1877, with the degree of Bachelor of Civil Engineering, which 
later was followed by his ‘Civ il Engineering g degree. During Mr. Sherman’ 
attendance at Cornell Univ ersity he was a member of the Delta Kappa Epsilon ee; 
Fraternity; he was also a member of a famous rowing crew. Jura. 
ge Mr. Sherman’ 3 graduation w was coincident with a great era of steam rail- a 
road construction, and, at once, he became Assistant Chief Engineer of the Bi 
Lake Erie and Louisville Railroad. The following year he was appointed 
Engineer of the Delphos and Kokomo ‘Railroad and the Delphos, 
Bluffton and Frankfort Railroad. Then followed these milestones of his 
railroad and other engineering pant 79, Locating Engineer for the 
Chicago and Atlanta Railroad; 1879-1881, Chief Engineer for the Toleday 
; Delphos and Burlington Railroad; Chief Engineer for the Dayton and South- 
ie Railr oad; 1881-1884, Chief Engineer for the Louisv Ere 
and St. Louis Railroad; 1884-1888, ‘Assistant Ohiet Engineer for the Cah 


‘Pacific a and Southeastern Railroad, for which Gone he built 300 miles a: ° 


~ railway in 300 working days; 1890, Chief Engineer for the Dallas (Tex.) . 
Rapid Transit Railroad and the North Dallas | Circuit Railroad; 1892-1893, s a. 
Chief Engineer for the Galveston Construction Cc mpany, on building 


2 


— 


le and Lake Erie Railroad. ‘The seis of J ustin, T Tex ex., was as named ~ 


In November, 1896, he formed a partnership with Henry E. Riggs, M. Am 
Soe. C. E., under the firm name of The Riggs and Sherman Company, for 
the general practice of civil engineering. This partnership | continued until 


April 30, 1912, when Mr. Riggs joined the Engineering Faculty « of the Uni- an 
versity of Michigan, at Ann Arbor, this Professor 


qa The fact that two men formed an engineering aitiiiniliidl 4 which con- - 


tinued for fifteen years and a half and during that time never had any argu: , 
- a ment or dispute over matters of policy, questions of ee or finances, indi- 
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cates that their friendship was very close. - Sherman was: one of the fairest, 

honorable men I have ever known.’ | nelle 


Reorganizing ‘under the mame of The Sherman Company, practice 
s continued until 1927, when, celebrating fifty years of continuous and 
active practice of civil engineering, Mr. Sherman retired from the profession — 
and devoted his time to personal affairs, s studies and writings, and projects | 
in behalf of the Ohio State Archeological and Historical Society and the 
_ Historical Society of Northwestern Ohio, of which he was President-Editor | 
at the time of his death. © The most beautiful monument erected in the State — 
Park in the Maumee Valley y commemorating the Battle of Fallen Timbers, 
one of the direct results of his untiring efforts. = 
Mr. Sherman’ important engineering assignments included 
water-works systems and water purification works, sewerage systems sew- 
age treatment works, revetment and dock construction, railroad and highway y- - 
bridges, a =" service pumping station for the City of Toledo, and many « ier 


Ae was the author of numerous technical papers, including: ‘ “ ‘The a ; 
Centenn 
1900 ; “The of London before the Toledo Engineers; 
“The Development of a Coal Mine’ ” published in the Cornell Civil Engineer, B 
“4907: “The Public ‘Water Supply of the City of Philadelp phia ”, read before 


the Toledo Society of Engineers; “ Water Purification at Fostoria, Ohio” 74 


published i in The Southern | Engineer, Atlanta, Ga., 1907; reports on the water 


supply pr problems of Salem, | Cambridge, Zanesville, Newark, Wellsville, Dela- 


me and Defiance, Ohio; Muskegon and Adrian, Mich., and many other 
- Places ; “Valuation of Ann Arbor Water Works, with a View of Municipal 


Ownership ”; “Some Observations on Electric Railways”, read 
Michigan Society of Engineers; “ The Galveston Harbor Works ”, read afl 
the St. Louis Engineering Society; “Flood Prevention at tine and Mare 
etta ”, read before the Ohio Engineering Society ; reports on “ The Poltation 
of Swan Creek and Ottawa River”, Toledo, Ohio, and “ The Diversion of 
Creek ”; “ Should Engineers i in the Teaching Profession Engage i in Pri- 
vate Practice ” Old Fort Industry and Miami”, published i in Van Tassell’s 
i, History of the Maumee Valley’ Fort Industry—an Historical Mystery 
published in Quarterly Bulletin of the Historical Society of Northwestern — 
Ohio; “ Mad Anthony Wayne in the “Maumee Valley The Future of the 
Ohio Canal System”; “ The Status the Engineer under Ohio Laws 
= “ Barge Canals and Canalized Riv Inland Waterways ” ‘Underground 
and Surface Water Supplies ” 5 and “ Flood Prevention at Mansfield, Ohio 
_ Mr. Sherman was a life member of the Ohio Archeological and Historical 
Society, The ‘Firelands Society, and the of Sons of 


On July 14, 1892, he was united in marriage with | Catherine Bowmer, 


a 
at Clove rport, Ky. Sherman survives him with their two daughters, 
Mrs. lgun (Margaret B.) Troxel, of Tiffin, Ohio, and Mrs. 0. ‘Barnes saa q 
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 MEMOR OF JOHN KENNETH WEST SHIBLEY 


for a ‘a: years, his interest. in engineering had continued | 


until the time of his death. Re ot omit abd bat 
Sherman was elected a Member of the American n Society of Civil 


Ea 
Diep May 1, 1, 1937 

John Kenneth West Shibley was born on March 17, 1882, in Yorker, Ont., 


Canada. he was three years old his "parents ‘moved to. Colton, Calif., 
i where he attended the public schools. He was graduated from the San Ber- 
-nardino (Calif.), High School, , and, in 1901, entered the University of South- 
ern 1 California, at Los Angeles. ~ In 1903, on transferred to the University of 

California, at + Berkeley, where lead entered of C ivil 
- In 1905, sil Shibley : receiv ed the appointment of Aaviotont Engineer in sll 


Roosevelt, , during ‘construction of the Roosevelt. Dam. Het trans: 
ferred to the Survey Division of the Reclamation Servi ice, at Phoenix, Ariz., 
in 1907, in which position he had responsible charge of canal surveys ‘on tie 
~~ Salt River Valley I Project. In 1910, he was engaged i in private ‘practice of of 
engineering, with an office in Mesa, Ariz. 1911 1914, he served as As- 
_ sistant Engineer in the U. S. Reclamation Service, with headquarters at Las i < 
‘f Cruces, N. Mex., during the construction of the Elephant Butte Dam. i 
a Mr. Shibley ‘returned to Los Angeles, Calif., , in 1914 to become ‘affiliated — 
ow ith the Pacific Coast Office of the New York Continental Jewel Filtration — 


a Company, and had charge of the construction of the first large municipal — 
filtration plant on the Pacifie Coast, in San Diego, Calif. In 1915, with t 
— organization of the California Filter Company, he moved to San Francisco, 

—«Calif., and became Manager of that Company. Mr. Shibley had the distine 


tion of installing the first chlorinator for a domestic supply o on the ‘Pacific ee 


< In 1915 and 1916, he was the Agent of the Electro Bleaching Gas Company, fe 
= of New York, N. Y,, on the sale of chlorine and gas | chlorinators for water 
‘Supplies. In 1916 he became Agent of the Wallace and Tiernan Company, 
of Filter He in “the latter position until” 
, when the Shibley Company, of Seattle, Wash., was organized. ol a 


ce 1 Memoir prepared by Paul F. Bovard, Mgr., California Filter Co., ‘Inc, San a 
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MEMOIR OF AUGUSTUS = 


in In the Seatinets Territory, Mr. Shibley made detailed stadles of water 


supplies with special reference to pulp and paper manufacture. His articles, 


~ which appeared i in the Journal of the Technical Association of the Pulp and 

_ Paper Industry, testify to his knowledge of the water requirements for this 

. industry. B: His is engineering ability in designing plants which were automatic " 
in operation as well as economical testified to his ability in studying these 

keen anes problems. Practically all the large pulp and paper mills in the _— 

2 Northwest are equipped with water purification plants designed by Mr. Shibley Ee 
He was not satisfied with orthodox methods used in automatic control and, in 

= years, had devised a remote control push- bottom system witeh operated 


not been duplicated i in any other ant 
_ Mr. Shibley had an outstanding reputation both as an engineer of design 
and for salesmanship. His manner was characterized by extraordinarily bora 
mental reactions and contacts» made lifelong friends among his 
q clients. His large circle of friends over a long period of years, particularly — 
among his clients, testified to the high esteem in which he was held by them “ 4 
‘and by members of the Engineering Profession. He will be long remembered _ 
as a distinctive character who enjoyed the reputation of an able engineer. _ ee 
_ _Mr. Shibley was not the type that enjoyed athletic exercise to any ou 
“te, but he more than made 1 up for this deficiency by his interest in 
athletics, and by his congenial personality and his enjoyment of short periods — 
b nll 1906, he was married to Marian Bovard, of Los Angeles, Calif., who ba] 


with a son, Bovard, and two daughters, Jean and Lillian, survives him. — 


wey In 1917, Mr. Shibley received a commission as Captain of Engineers in 
the United States . Army, and served for the duration of the World War. a8 a 


He was a member of the American Water Works Association and had the E : 


distinction of being a Charter Member and assisting in the organization of pis, : 


; both the California Section and the Northwest Section of the Association; — 
he was also a member of the Technical Association of the Pulp and Paper 
q Industry. He was a Scottish Rite Mason and a member of Islam Shrine, ; of : 


_ Mr. Shibley was elected an Associate Member of the American Society of . 
_ Civil Engineers on October 9, 1917, and a me member on n November 26, 1923. 


sie 4 


mith was born in ew York, N. Y. , on 30, +1868, the 


eldest son of Henry Atterbury Smith and Rosena Watson (Ryder) Smith. % 
His father was born in Hickley, Leicestershire, England, emigrated t to New 
Lis 


1838, and at the. time of his death in 1891 was a prosperous. 
facturer of wall-paper. The Smith family occupied great, 


* Memoir prepared by Alger C. Gildersleeve, M. Am. Soc. C. 
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house in the far West Forties of New York City. The four sons—Augustus, — 
Henry Atterbury, Arthur, and Oliver—were earmarked ” early in life as 
_ engineer, architect, lawyer, and business man, and each lived to achieve suc- a 
cess in his chosen calling. Their home training was free from supernatural — 
A of sanctions, and in their leisure they played string quartets and chess, and W 
_ painted in oils. The architect—Henry Atterbury Smith, | M. Am. Soe. C.E— | 
is the sole survivor of this interesting quartet. 
_ Augustus Smith was educated in the Public Schools of New York City, - 
4 received his Bachelor of Arts Degree from the College of the City of New aa 
York i in 1887, entered the School of Mines, at Columbia University in New | Bik 


Son City, in the Junior year, and was graduated in 1889 with the degree * 


of Civil Engineer. He was a member of the Phi Beta Kappa Society. — aed 
Soon after his graduation from Columbia the Link Belt Company had a an a 
- opening in its Philadelphia, Pa., Office for a Draftsman, and Mr. Smith ap-_ 
r plied for the job. _ As he entered the door, he encountered his classmate, 
Charles Piez, a rival applicant. The Link Belt Company showed its good 7 
hiring both boys. After not many years Mr. Piez was made 
- President of the Company; and Mr. Smith became Head Draftsman in the 
New York Office, and then Engineering Salesman. telly 
1893, he own office in New City as Engineer and 


his most important were the two great Pre 
; A stations for the Panama Canal at Cristobal and Colon, the cost of which was : 
about $2 000 000; and two others for the United States Navy—one at Narra- Ko 
- gansett Bay, R. L., and the other at the New York Navy Yard, in Brooklyn, : 
z owl Augustus Smith considered himself as a “ plain man” and “ of the people,” 
his personal habits testifying to his natural asceticism; his beautiful residence, er by 

Frogwood,” iif in Roselle, his: unique summer home, Dunes, at 
a natural inclination, and he always felt a bit uneasy over hag 
In his y youth, Augustus Smith was was greatly impressed with the works | a a 
7 Jonathan Swift, and later in life he often quoted “ Gulliver” in his talks ‘and ig es 
writings. Swift's bitter indictment of his fellow men roused an ambition i in * 
Mr. Smith to o do what he could to. remedy these ¢ evil manners of ‘mankind, Nel 
and to this end he applied himself diligently to the study of social concepts ad 

problems. The origin and nature of “the sense of duty, the validity of 

he concept of natural rights, and the meaning of justice, were themes that 
were always before him, and for which he was trying to develop workslle 


His philosophy, although he never claimed one, was essentially ‘pragmatic. 
: ‘The mysteries of the stars and atoms, as elucidated by the ‘modern physicists, ie 
meant as little to him as the -promulgations of the mystics. 


_ After: profound study o: of the writings | of Adam § Smith, k Karl Marx, Francois os 
‘Fourier, and. others, he made a laboratory of his Bergen Point Iron W orks, = 


testing ” by which the profits were equably 
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OF BERNHARD ALEXANDER SMITH 


et ween 


77) 


In in 1994, was appointed to the New J ersey State Board of 
and Nagivation, and for many years inspected the waterways of his adopted ae 
State in his motor yacht, The Gambolier. This boat had been built from his” 
own plans, and pea he loaned it to the ‘Government during the World W ar 


could its intricacies, and it was returned | to him with thanks. 
- He took an active interest in the civic affairs of his home town—Roselle— 
- and was a member of the Borough Couneil there for three years, acting as 
"Head of the Public Works Department. a at 


3 Joining ‘the American Economic Association, he wi was for a time an ardent © 


effort to make a science of economics with the “ yardstick of value,” the 
& money illusion,” and other ideas. - Although the two economists did not oe 
always agree, they had a great respect for each other’s opinions—the Professor a 
- sometimes sending his manuscripts to the Engineer | for comments, which were 
promptly returned | on many closely typewritten pages. rofessor Fisher’s 
adherence to the “ prohibition illusion” was a shock to Mr. Smith’s concep- _ 
Augustus Smith ‘was a voluminous letter writer, and at times nes privately 
“printed little pamphlets which he presented to his friends. In these essays aon 
“he presented his views on various subjects of contemporaneous interest. 
“Paper on the Narragansett Bay Coaling Station published by the So- 


in n 1906. the of discussions of various ‘Papers, | he left 


on pure conducted with a few chosen friends. In one of his 
last letters he proposed a problem of which his death sealed hi s solution. a 
. He was a Member of the American Society of Mechanical Engineers, the 
‘Franklin Institute, and the American Economic Association. 
1903, was married to Harriet Christine Davies, who died the fol- 
lowing year; in 1907, he was married to Anna Barbara Such, whe eee in 
101%. An only child—by his second wife—is Henry Such Smith. 
Smith was elected a Member ‘of the American of Civil 


— « Fame, 4, 


rut 


Bernhard Alexander Smith was born at Sewell, Victoria, a, on 
December 4, 1863, the son of Bernhard Smith, Police Magistrate, and Olivia Pa. 


2“ he Narragansett Bay Coal Depot,” by Augustus Smith, Transactions, Am. Soc. 
c. E., Vol. LVII (December, 1906), p. 204. 


prepared by George Higgins, M. Am. Soc. C. E. 
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MEMOIR or BERNHARD ALEXANDER 


rances J shine His father was noted amateur artist 


, Australia, and at the <4 
of cbtainiig the Scholarship i in Engineering at 
the Final Honor Examination at the University. ok bas 
His first professional engagement was of Engineer to | the 
- for the construction of a railway line between Melbourne and Kew. In the 
following year, 1886, he obtained a Surveyor’s License for the Colony of 
Victoria. Between 1888 and 1894, he practised in partnership with Mr. T. ©, 
7 oa Hodgson. In 1890, Mr. Smith obtained the Certificate of Qualification as an 
_ Engineer of Water Supply under the Victorian Water Act of 1890; and ae 
part of that year he taught at the Scotch College, which is one of the oe 
_ Associated Public Schools of Victoria. The University of Melbourne rsh ¥ 


him Lecturer: in Leveling, , and Practical Mensuration. 


During years 1899 1901, Mr. Smith in with 4 
Mr A. G. M. Michell, who later acquired world-wide fame as the inventor of E 
the Michell thrust bearing, the crankless engine, the turbo- pump, the — 4 
wheel, etc., , and whose scientific writings are widely Tead. LE 
1908, he obtained a Surveyor’ State of New 


Smith reported on, and constructed numerous works, the 
variety of which will be evident | from the following examples: The design oe 
and supervision of installations of sewerage works at Horsham and Swan 4 | 


Hill, and preliminary reports for W arragul, Bairnsdale, Seymour, and 

Wodonga. was consulted in Court cases s about flood damage (Vinnicombe 
0. Macgregor ; Colonial Ammunition Company v. Commissioners of Railways; _ 
and Kanuluik Mayor of Hawthorn). He also made reports and, where 
a@ necessary, designs for storm-water drains for the Cities of Caulfield and St. Pe 
. Kilda; designs for the repair of the damage done by floods at Kooyong Tennis _ 
 Oourte; and for a flood bank around “Moyne Swamp. He also reported on ca 
the ‘obstruction « caused to the ‘River ‘Yarra by the ‘railway bridge at South | = 
‘Y arra, and on the flooding due to overflow of Moonee Ponds Creek. 1 
constructed the arched dam, ft high, at Mount Cole, the 

pumping plant, water tower, and treatment works, at Bairnsdale; the arched | 
dam, turbines, motors, ete., , for a private hydro- electric project ; and the new a 
‘reticulation 1 mains for Seymour. He made reports on the remodeling of the or 
water supply, of Shepparton; the pumping plant for Swan Hill; the water “a 
oe st supply for Tallarock; the Y uthong h hydro- -e electric project; a water tower, ; 
pumping plant, weir, reticulation, ete, at W angaratta; the pumps and 
1000.0 000- 0-gal ‘reinforced concrete tank, at W complete 
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¥ water supply for Camperdown and Terang; 


aid 


supply for Murtoa, Sunbury, and these 
places are in the State 


‘Mr. Smith also installed a water supply system, at Devonport, Tasmania; 


and reported on drainage in the vicinity of certain creeks, in the Riverina 


‘Tasmania, were vers by Mr. Smith, as well as the valuation of the Brisbane 


(Queensland) Tramways pr prior to their transfer from a ‘private company to — 


the Government; he also prepared the a of the Melbourne (Victoria) 


_ Installations: for heating and ventilation were made by Mr. Smith for a 


tannery, at Preston; a soap factory, at Ballarat; a biscuit factory, at ‘South | - 


Melbourne ot! Abbotsford; a coffee p palace, i in Melbourne; ‘the Mel- 
bourne Hospital, and three other hospitals in Melbourne, namely; the — 
dren’s, the W omen’s 8, and the Queen’ s Memorial | for Infectious Diseases. The 


| Island), and Horsham, as ‘eal as for the Shire of eG Murray, were al 


part of Mr. Smith’s work, which included the construction of a bridge over 


the Tambo River, at Swan a concrete stand at the 
_ Mr. Smith was the author of the following | technical papers, ete: “ ‘Dy- 

namical Models ar Michell’s Method of Testing Fans Transition 

Curve es”; “The Comparison of a Tape with the Melbourne Observatory 

“A Test for Heat Insulators”*; “Town Sewerage ”*; “ Venti- 
lation of Buildings Arched Dams ”* (for which he was awarded the J. 

- James R. Croes Medal i in 1920, by the American Society of Civil Engineers) ; 
and “ Experimental Deformation of a Cylindrical Arched 


became a member of the Victorian Institute of 1889. 


mber lan 


- In 1914, Mr. Smith was elected a member of the Victorian Institute of Elee- = 
trical Engineers, and of the Melbourne University Engineering Society. In 
1918, on the | inception of the Public Health Commission of Melbourne, he was ign 

lected a member of the Commission. _ The year, 1923, marked his election oe 
as Fellow of the Victorian Institute of Surveyors, a member of the Faculty 


of Engineering of the University of Melbourne, and a member | of the Vie- = 
 torian Lifts Board. In 1925, Mr. Smith became Chairman of the Melbourne 


Division of the Thstitution’ of Engineers, Australia, and, in 192 8, he served 
as President of that Institution. He was a member of both the Australasian | 


and the British Associations for the Adv ancement of Science. 
5 Transactions, Institution of Engineers of Australia, 1920. band biter 
* Australian Municipal Journal, November 15, 1926. 


* Transactions, Am. Soc. C. E., Vol. LXXXIII (1920), P. 2027 


— 


"Health Bulletin, No. 12, Comm. of Public Health, October- December, 
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was 1s at his suggestion were made for 
excellent series of orchestral concerts in Melbourne, which were conducted we 5 

His friends v will remember him for his cordiality and kindliness, his cour- 

tesy and consideration for the opinions of In the World 


Vietoria, on 4, "1086, retaining his intellectual | during a long 
period of bodily weakness, and is survived by Fis widow, one son, and two 


_number of years. ry distinguished cousin of Mr. Smith who predeceased him 


. by 3 a few years, was Philip a’ Morley Parker, M. Am. Soe. C. E., the author 


of the well- known treatise on “The Control of Water”, 


ir 


it 1 aber of th i f Civil Engi- 


EUGENE RAYMOND SMITH, Am. Soe. C. E 


© 
—_ 


_ Eugene ond Smith was born in Brooklyn, N. x, on February 10, e 
"1858, the son of Charles ‘Carpenter and ‘Adelia (Hawkins) Smith, His 
_ parents later removed to Islip, N. Y., where he received his early education in — 
: the public» schools. - Later, h he entered Cornell University, at Ithaca, N. Y. 
"4 - from which he was graduated : in 1877 with the degree of Bachelor in Civ 
From: 1877 to 1880 Mr. Smith was employed : as Assistant Engineer on the 
construction of. the Burlington, Cedar Rapids and Northern Railroad; As- 
- sistant Inspector of dredging at Cherry Island Flats and Bulkhead Bar, on 
the Delaware River ; and Assistant Engineer in _ charge of construction on the ; 


Denver and Rio Railroad in Price River - Canyon, Utah. 
In 1880, he decided to go into meat practice and opened an office in ee 
a Islip as a Civil Engineer and | Surveyor. ‘His practice was of a highly varied 

Bae calling for knowledge of engineering , fundamentals and ingenuity. ; 

_ Among the prominent projects with which he was” connected, were the fol- ; 
lowing: _The location and alignment of the Long Island Motor Parkway; 
Long Island State Park Commission in its early days; ; the formation | of the 
*Fi ire Island State Park as a park; the first grade-crossing elimination work 


3 in Western Suffolk County, New York, at the Cutting and Vanderbilt cross- 


of Merrick Road and the Long Island Railroad; and the development 
_ of the incorporated Village of Brightwaters and “ ‘Idlehour,” formerly the 


of the | late Ww. Vanderbilt, in n Oakdale, He was was: in charg 


—— 
a 
— 
— 
J 
3 
marriage to Agnes Janet Shields, the daughter of a promi 
— 
— 
— 
— 
— 
— : 
| 
— 
| 
7 
— 
— 
— 
— 
— 
— 


j the construction of the trout preserve at Wantagh, N. Y., , and fone at Nisse- 
N. Y., for the Nissequogue Trout Club; of the field work at the 
‘New York City Insane Asylum, at Central Islip, pr sewer ' work, ete.; location — 
- survey maps and profiles for Kings, Queens, and Suffolk Railroad Company rt 
from the ‘Breokiya City line to Far r Rockaway, N. ¥.; of the reclamation of ‘oe 
marsh 

“land at Broad Jamaica Bay, New the extension of the dis- 
tribution system of Northport Wa ‘Water Works Company, Northport, N. ‘Ys 
and several small dredging improvements | on the south side of Long Island, 7 
ie York. x Mr. -Smith’s reputation as a Surveyor was such that in pre- a 


Tes _ His varied experience with land reclamation on the south side of Long 
_ Tsland, led to his paper on the “ The Compressibility o of § Salt Marsh Under the 


Smith was alw ays the student, well liberal 


society with purely engineering Being | a a kindly 
j his his keen sense of humor was always a source of pleasure to his friends. _ ae. a 
community activities included Treasurer of ‘the Islip Methodist 


‘Talip; and Director the First National Bank ‘of Bay Shore, N. 
Smith was a Past- -President Suffolk Civil Engineers, In- 
corporated, and a member of the New York State Association for Professional al ” 


ork Ot 


He was married, in 1885, to ined Clock, of Islip, who, with a son, 
‘eee Je Smith; a daughter, Marian (Smith) Williams; a grand- -daughter, 

one sister, and two brothers, survives him. He retired from active business 

in 1926, but retained his interest in banking until about 1933. Te ssreonig ; 
dh _ Mr. Smith was elected a Junior of the American Society. of Civil Engineers © 


on May 2, 1888, and a Member on May 1, 1901. 


CHRISTOPHER HENRY SNYDER, M. Am. Soc. C. 


Pip _ Christopher Henry Snyder, the son of William Snyder and 
g ie phene Caroline (Pearce) Snyder, was born in Fulton, Ii. .. on June 12, 
1866. His father was engaged in shipping and warehousing in Fulton at o 


time when the Mississippi River was an important trade route and Fulton : s iY 


Transactions, Am. 
* Memoir prepared by Frederick R. Muhs, M. Am. Soe. C. 
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MEMOIR OF _ CHRISTOPHER HENRY SNY 


DER 
i a boy, Mr. Snyder attended the public : rom at t Fulton, later — 
the University of Illinois, at Urbana, IIL, : from which he was graduated in 5 
1890 with the degree | of Bachelor of Science in Civil Engineering. ‘After 
a Mr. Snyder spent three years as a Draftsman with the Keystone 3 id 
a Bridge’ Company, two years of which were spent in the e Chicago Office, and 
sone year at the plant in Pittsburgh, Pa. fie cel 
1893 he became associated with Milliken Brothers, Incorporated, of 
_ New York, N. Y., working for five years as a Draftsman, two years as Chief 
_ Draftsman, two years as Contracting Engineer at Honolulu, Hawaii, and ten 
years as Contracting Engineer, at San Francisco, Calif. 
ee 1912 he opened an office in San Francisco as a Consulting and Design- 
7 _— Engineer for structural work, and continued his practice until his death, — 
on May 27 i, 1937. ss Some of the buildings for which he designed t the structural © 
_ frames are as follows: Department of Labor and Interstate Commerce Build 
ing, Washington, D. C.; City Hall, Federal 1 Building, War Memorial Opera 
House, and Veterans Building, City and County Hospital, Relief Home, Uni- | 
~ = of California Hospital, 450 Sutter Building, and the Pacific Gas and 
Electric Company Office Building, in San Francisco; Stanford University . 
- Library Palo Alto, Calif.; Pasadena City Hall, Pasadena, Calif.; Makee Sugar __ 
Compas Mill, and the Sugar Company Mill, in Honolulu. 


ar 
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_ When concrete became an important material in structures, Mr. Snyder Fh 
za 4 designed and patented a a flat slab-steel frame” construction for buildings, — 2 
which was used in many of the modern buildings. Seaubel 
aw On October 14, 1899, Mr. Snyder was married to Harriet Runyon, to which # 
union the following children were born: Henry R., William C., Helen J., and ey 
John R. Mrs. Snyder and the children survive | 
e Mr. Snyder was - interested in the raising g of engineering standards and 
served on many ‘committees havi ing to do with the welfare of the Civil ~~ oa 
cisco Section of the Society (President, 1914), the Western Society of En- + 
gineers, and Pacific Association of Consulting Engineers. He was a Charter 
Member and assisted : in organizing the Structural Engineers Association of 
Northern» California (President, 1934). He was also a member the 
_ Engineers’ Club of San Francisco (President, 19 25-26) ; the Union League 
Club, Commercial Club, Commonwealth Club, Kiwanis Club, and the 
~~ Club, all of San Francisco; ‘the Claremont. Country Club, of Oakland, Calif.; 
and the Mount Diablo Country Club, of Danville, Calif. His “principal 
A fitting tribute? to Mr. ae paid by Arthur Brown, Jr., a San 


“ 
The architectural and ¢ engineering lost one of its most. 
distinguished and outstanding members by the death of Christopher 
Snyder. _ For the past thirty years he was intimately associated with the de- — 
sign and execution of much of the important engineering and architectural — 
_ construction that has been done in the San Francisco Bay region, and the Bs 
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‘sulting engineer for the architectural structures to which he gave so much “| 
his professional attention. Thoroughly schooled in engineering theory at the 
- University of Illinois, he passed a long apprenticeship in practical application — _ 
in the steel manufacturing plant of the Keystone Bridge Company. Follow- | 
- ing his training in structural design from the producer’s standpoint, he joined 
the organization of Milliken Brothers, contractors, where he had many years 
of experience and responsibility in the actual administration and execution 
g of engineering enterprises of the first order. 

_ “These three phases of his career rounded out and completed his highly — 
competent professional equipment. His recommendations could be confidently 
depended upon for rational design and feasibility, and his estimates of cost 
were based on positive knowledge and experience. Thus he was an invaluable - 

collaborator for those architects with whom he was His designs 
were always simple and direct—as was his personal | character. His brilliant 
- engineering imagination was founded on precise knowledge and his ingenuity — a! 
and resourcefulness followed naturally from a thorough familiarity with the — 
details of his craft. He did not consciously concern himself with making 
engineering history, but concentrated his attention strictly to his prime ob- © a = 
jective of conceiving safe, practical and economical structures. His drawings 
_ were models of clearness and gave precise, systematic and complete informa- _— 
tion. Possessed of high ideals he never wavered in defending his convictions; a 

nor was he known to compromise on safety and good practice. _ th ae 
_ “Mr. Snyder’s professional qualities were a clear reflection of his tempera- 
"ment. He had little sympathy with the vague experiments of some of the 

innovators in either engineering, economics, or politics, but defended sturdily 
the fundamental convictions born of his long experience of life and profes- .@ 

sional endeavor. He believed in hard steel, hard dollars, and hard common — 5 
- Sense—in spite of new trends. These high qualities were generally recognized — 
and, consequently, enjoyed the highest respect of every one in the com- 


_ “His friends will long mourn his— passing and will long cherish the 


memory of a stalwart and likable personality.” Alay wil 


Ee Mr. Snyder was elected a Member of the American Society of Civil Engi- 7 


EDWARD EVERETT STETSON, M. Am. Soc. C. 


Cc. 


Everett Stetson was born Mattapoisett, on October 
1882, ‘Parents were Everett. Cortez and Annie (Hiller) Stetson. Both 
families we were pioneers in New England, coming from England to Massachu- L all 
_ setts in the early part of the Seventeenth Century (the Stetsons in 1634 and 2 
the Hillers in 1629). The stock was strong and hearty on both ‘sides, and = 
produced. many people of note during the three centuries. Mr. Stetson’s a 


Memoir prepared by Joshua D’Esposito and Binar Weidemann, Members, Am. Soc. C. B. 
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at the age of 84, is a land- owner and lumber- mill operator in ‘Mattapoisett, ; 
Mr. Stetson had his early s schooling at Mattapoisett and, later, went to a 
High School, at Fair Haven, Mass. Between times he worked on his father’s — 
- farm and in the mill. In High School he gave such a good account of himself 
as a student in mathematics that the Principal persuaded his father to permit — 
_ him to study Engineering instead of returning to the farm and lumber mill 
. as originally planned. — He entered the Massachusetts Institute of Technology 
at Boston, Mass., ‘and received his’ degree of Bachelor of Science in Civil 
Engineering in 1904. Immediately after his graduation, Mr. Stetson spent 
_ some time at survey work i in Sheffield, Pa., but in September of the same year 
q he was called to his Alma Mater as an Instructor of Railroad Engineering — 
4 and remained in this position for a year. 
ane His desire for practical railway work was realized in 1905, when he accepted 
a position as Levelman with the Pennsylvania Railroad Company, with head- 
| quarters at Pittsburgh, Pa. Mr. Stetson quickly impressed himself as a young | 
in of outstanding character and ability, and as early as 1909 he had been 


advanced to the position of Engineer in Charge in the Office of the Chief & 


During t these earlier of his career, his clear mind con- 


i 


acks, at that t a which information was greatly lacking. 
_ _ During th the period | from 1909 to 1916, Mr. Stetson was actively « engaged as : 
Engineer in n Charge of Construction of ‘several: track-elevation projects. 

dertaken by the Pennsylvania Railroad Company, Columbus: 


work, which is often made more by the 
quently diverging interests of the ‘municipalities, contractors, ‘and railroad di 
° _ company, gained for him valuable experience that stood him in good stead 
At ‘thé outbreak of the W orld WwW ar and particularly during the U nited — 


States Railroad Administration, many new facilities were called for, and Mr. : 
hoe _ Stetson returned to Pittsburgh in 1916, to 0 service a as Assistant Engineer on 
the Staff of the Chief Engineer of Construction, directing various construc: 
The Chicago Union Station Company was organized in 1915 and the 

7 construction of the. 2 new $100 000 000 passenger terminal was as commenced i in 


of i its ‘the of n new modern. facilities 
= ground occupied by the old passenger and freight stations, without inter — 
ruption to regular railroad traffic, a traffic which involved the handling of 4 
*a 250 to 300 passenger trains daily and a large amount of mail and express m 
business. This work had scarcely been started when it had to be suspended 3 
__ temporarily ‘on account of the war, and it was 1 ‘not before the early part es 
1919 that construction work was resumed in a vigorous manner. That the 


choice then fell upon Mr. Stetson to fill the ‘difficult Position of Engineer of 
1 
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ix 
MEMOIR “OF EDWARD EVERETT STETSON 
Construction f for this undertaking shows the high esteem ‘in which he was : 
held. Neither | did he | disappoint his su superiors. His experience and ability 
as a construction engineer; his high degree of leadership; his fairness and — K 
sound judgment in all his dealings with the many contractors, railroad op 
erating men, and the publie i in general, contributed in a large measure to the “" ® 
q successful completion of the great project, the execution of which required : 
laboriously developed program for co- -ordinated construction in piecemeal of 
miles of railroad tracks, viaducts, bridges, and buildings costing millions le 
temporary and permanent ‘structures, all to 
business of the railroad terminal going on as s usual. It would be expected 
that such a great amount of work ee for several : years could not be 
completed without some ‘serious accident. This was: “not the’ case, it 


might be noted as a singular record that ‘at the completion of the work there ed 


had been no single case of serious injury to passengers or public. 


In 1923, Mr. Stetson was promoted to be Principal Assistant 


the Station 1 Project, but Ha in direct charge of all construction work me “g } 


as 


late fall of 1926 found him to the Pennsylvania Railroad 

Company as Assistant to the Chief Engineer, with headquarters: in Chicago, 
Th He remained in this position until his death and, during later — 
was actively engaged in the direction and administration | of various 


struction. Projects and grade separation work on the Western | Region of the 


a of the Western Society: of Engineers: and the ‘American 


_ His untimely and sudden death, after an a blow to his 
Sb: many friends w who knew him | as a strong and vigorous man who had n never ‘been 
‘sick leave. ‘Stetson was a man of quiet and unassuming manner, but 
one of energy and determination, | and work entrusted to him would be on 
of vigorous: ‘Prosecution. He had little with delay and 


rad 


_ His many friends among the contractors will remember | him as 8 the wis ol 
ana resourceful engineer, keenly interested i in their ‘work and always glad and — 
- ready to have them draw “upon his engineering knowledge and experience, 
They will remember him as an eminently fair- minded arbiter, loyal to them, — 
q his company, and his conscience. The fact that his decisions were ‘vadeae* 2 


with a a characteristic smile only added to their effectiveness. 


His more intimate friends will remember him as the strong and manly © 

5 man he was—always poised, never excited. To the many y younger ¢ engineers : 
in charge of construction. n work under his ‘Geection, he was the safe haven > 
_ they could rely upon when the sea became too turbulent. H He was always their 


friend and would always find a way. 
__He was married in 1908, to Hilda ©. - Amundsson, at Warren, Pa. Hi 
_ widow and two children survive him, Mrs. Helen (Stetson) Moore, of of Dallas, d 


a Mr. Stetson was elected a Member of the American Society of Civil —— 
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MEMOIR OF HORACE STRINGFELLOW | 


HORACE STRINGFELLOW, M. Am. ‘Soe. C. E. 


4 


Stringfellow. F ‘or many years | his father was Rector of Christ ‘Church, at 


7 Mr. ‘Stringfellow’s boyhood was spent in Tuscaloosa, where he attended 
Verner’ School. ‘His family intended him for the ministry, and with 


career in | prospect he entered the University of Alabama, at University, Ala, Be 


- in 1898. However, a previous six months as Rodman with the United States 


Corps of Engineers: may have had a great | deal to do with ‘Mr. Stringfellows 
change in profession to engineering. In any ease he changed from the Uni-— 


versity of Alabama to the University | of the South, at Sewanee, Tenn., from | a 


he was graduated with the degree of Bachelor of ‘Arts, i in 1902. 
——- During a summer vacation, ‘and prior to his graduation, Mr. Stringfellow 
served as Topographer with the Mobile and Western Alabama Railroad Com- — 
‘pany. From January to 1903, he was employed as Transitman by the 


Mobile, Jackson and Kansas City Railroad Company; and from May, 1903, to 
April, 1905, he was engaged in the same the Southern Railway 


Company. 


service with the Southern ‘Company continned, 


erete reservoirs at Lake Montebello for the City of Baltimore, ‘Ma 
eet From February to September, 1914, he was Field Engineer on valuation a a 
the Atlanta, Birmingham and Atlantic Railroad Company, and from Sep- 
_ tember, 1914, to December, 1917, he was Assistant Engineer on the Soutibad 
Railway engaged on surveys, reports, and construction, including the rebuild 
ing of the Warrior River Bridge. © From December, 1917, to August, 1918, he 
- was as District ——— on the same railroad, in charge of double- track con- 
ven 
e.. In August, 1918, Mr. Stringfellow was commissioned Captain of the 105th 
Engineers, serving at Camp Shelby, Mississippi. He remained there until h his - 
discharge from the Army on December 16, 1918. at 


_ _-He returned to the Southern Railway Company from January, 1 1919, to 
March, 1920, as District Engineer, and was in charge of double- track con ba 


This 


consisted of the construction of about 200 miles of sdaitional main track, 
at important yard and terminal w ork. 
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States Railroad Adssinlatuntion,.. engaged i in the liquidation of delete grow- 
ing out of Federal control of railroads. This work was completed in 1924. ei 
a - From 1924, until his death on Jamey 1, 1937, Mr. Stringfellow was em- 
- ployed by the Missouri Pacific Railroad Company—first, as Engineering As- a 
- sistant in the Executive Department and, later, as Executive General Agent: 
at Denver, Colo. His work included a wide variety of special investigations _ ae 
and reports, involving traffic and operating problems, as well as those of an " 
engineering nature. As Executive Assistant, he represented the President of 7 
mr Mr Stringfellow combined engineering ability with good common sense. 
‘His ; pleasing personality and his ability to make friends were great assets in _ 
He was a member of the American Railway Engineering Association, at - 
of the Bellerive Country Club, in St. Louis, Mo. He was a member of the 
Protestant Episcopal Church, and was an independent in polities. oid 
oly 1913, he was married to Virginia Mauney, who died shortly thereafter. — 
In 1928, he was s married to Ethel Jones Edmonds, who survives him. mii i fad ie 
__-Mr. Stringfellow was elected an Associate Member of the American Society 
' of Civil Engineers on September 12, 1916, and a Member | on April 26, 1921. 40 


HARRY RANDOLPH TALCOTT, M . Am. Soc. C. E. ban” 


in the United States. His 
eott, who was graduated from the United States Military Academy, at West 

tS Point, N. Y., in July, 1818, was in charge of the construction of fortifications _ s 
at Fortress Monroe, Vi irginia, during which time General Robert E. Lee, as 
a Junior Lieutenant, was a member of his staff. His father, Charles Gratiot 

Z Talcott, for whom General Lee developed a strong affection through his fre-— 
quent visits to his home, during the War between the States, served as a 

_ Captain on the staff of General Lee, in charge of railroads throughout the 

r - Confederate States. Mr. Talcott, in childhood, had the privilege of intimate 7 
association with General Lee, after the conclusion of hostilities, and thus Be 
With his passing, one of the few remaining links with that period is dissolved. _ ; ; 

Mr. Talcott was was educated at the Episcopal High School, in 1 Alexandria, 
Vag and Rittenhouse Academy, in Washington, D. C., from which latter 

institution he was graduated i in June, 1878. His active career began in 1879, — 

_ When he entered the service of the Chesapeake and Ohio ) Railway Company 
4 Memoir prepared by a Committee of the — Section, consisting of Jenks B. 
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enkins and H. Lane, am. Bee. CB ‘baa, 
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MEMOIR OF HARRY RANDOLPH TALCOTT 
in Rodman on preliminary surveys. a member 


7 of the Chesapeake and Ohio organization, rising to the position of Resident — 7 ; 
Engineer on Construction, until May, 1882, when he ‘resigned to enter the 


on Surveys, and in February, 1883, was with 
the United States Coast and Geodetic Survey on the St . Johns River recon-— 
‘naissance. In “May, 1883, he r returned to the Western North: Carolina Rail- Fe, 
- road Cengeny as Assistant Engineer on Location, remaining in this position | ‘ 
until December of that year. . In. January, 1884, he entered the organization ag 
the Richmond, Fredericksburg and Potomac. Railroad Company as As- 
sistant Engineer, but ‘remained with the Company for a very short period. i 
™ In February, 1884, Mr. Talcott. entered the service of the Baltimore and | 
‘Ohio Railroad Company. as Assistant Engineer in charge of the Field Comps. 
= on the construction of the Susquehanna River Bridge, comprising a part of 
; ¢ that railroad’s extension to | Philadelphia, | Pa., which was then in process of — 

construction. In J anuary, 1885, he became Assistant Engineer in charge 
of the construction o the section of that line between Chester, Pa., and the 
Susquehanna River. r. In April, 1886, he resigned from the Baltimore cand 
‘Ohio Railroad Company to enter the service of the Charleston, Cincinnati 2 
and Columbus Railroad Company as Transitman on Location. From J uly, 
- 1886, to January, 1887, he was employed by Rice and Coleman, Contractors, _ 

Dis as Superintendent on on ‘the construction of the Newbury ar and ieee Railroad. i x 
Between February, 1887, and September of that year, Mr. Talcott was engaged 
the East Lake Land Company as Assistant Engineer at Birmingham, 
From 1 September, 1887, to May, 1888, he was engaged i in a contracting business q 

a member of the firm of Haskell and Talcott, at Birmingham, Ala.; how- 

_ ever, on the latter date, Mr. Taleott returned to railroad work, accepting a 

sition as Transitman on Location with the Knoxville Southern Railroad 
‘ _ Company, and in October, 1888, he became Resident Engineer on the con- 5 

_ struction of the Knoxville, Cumberland Gap and Louisville Railroad. me 

Between ‘September, 1889, and J uly, 1892, he was employed by the ae 


= 


1897, he acted as s Agent fee. the Bassin er of that Company and, at the 7 
A time, served as Chief Engineer of the Seattle, Lake Shore and Eastern Rail- 

Company. In J une, 1898, he became Assistant to the Superintendent 
of Construction of the White Pass and Yukon Railroad, in Alaska; in De 
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Paeifie System), first as Assistant Engineer and then as Chief Engineer. 
| From July, 1892, to March, 1894, he served as Second Vice-President of the __ 
Qaattle*Qaal and Tran Camnanyv _in charge of that Comnanvw’s shines and 

\@ 
> a Railway Company and, in ‘September, 1900, Resident Engineer in charge of a 
the Seattle Division of the Northern Pacific Railway Company. Between 
December, 1901, and March, 1903, he was associated with his brother-in-law, 

— 


the late Herm sn Hollerith. In this connection, he held the position of vi 
Treasurer of the old Taft and Pearce Machine Commune of W oonsocket, ek 
In March, 1903, Mr. Talcott returned to the Baltimore and Ohio Rail-— 
road Company, with which Company he spent the remainder of his | career. 5 = 

_ He was first employed as Assistant Engineer in charge of the office of the late on a 4 
- ‘Francis Lee Stuart, Past- President, Am. Soc. C. E., District Engineer, at Ja 
Cumberland, Md., and, later, in charge of miscellaneous: surveys in that of- a 

- fice. In March, 1905, he was transferred to the main ‘office at Baltimore, Md., = <<a 

In order to carry out the provisions of Section 194 of the Interstate 
Act, known as Valuation “Act,” approved March 1, 1913, 
v aluation Committee was s appointed for the Bi Baltimore and Ohio bigago with 


operation, his principal activities since. his return to the Baltimore and Ohio 
System in 1 in 1903 were in the fields of locations and surveys, and under his” 
jurisdiction on surveys - for a number of important projects were made, -embrac- 
‘ing: Improvement of the grade and alignment over the Allegheny Mountains, i 
which included the present double- track Sand Patch Tunnel, on the Chicago — 
i ‘Line, having a length of 4475 ft, at the summit of the Allegheny Mountains ; a 
- improvement of the St. Louis Line on the west end of the Cumberland Divi- 7 
sion, which 1 included the | the change of line and reduction of grade west of Cheat = 


River, between Blaser anc and ‘West End, W. Va., on which is ated the present 


6 the east end of the Cumberland Division, which included the Magnolia 
Cut- Off east « of Cumberland, Md.,: in the: Potomac Rive er Valley, where the a 
- river is deeply entrenched on a meandering course through | the eastern front _ 
- the Allegheny Mountains; this cut- “off i is ‘18. 2 miles long, has four tunnels i: 
aggregating 6958 ft in n length, ‘two erc crossings of the Potomac Riv er, an and effects y 
saving of 5.7 miles in main-line distance. 7 


a _ Mr Talcott was a member of the American | Railway Engineering Associa- 


Ue. 


tion; a a member of the Engineers Club of Baltimore; a life member of the 
"National Geographic Society; and a member of the New Y ork 
Society. He was a member of the Protestant Episcopal Church. 
He was never married. e entire life was dedicated to his work, which 
he performed with exceptional ability and « energy. He was a great lover of | 
the out-of-doors ; philosophical by nature, and of the highest integrity and the 
finest a true and helpful friend who had the love, respect, and 
admiration of all his associates. He always showed great sympathy for those a 
in trouble, and | the help he gave to them was proverbial. _ Through the advice 4 
of Mr. Talcott, 1 many a young man was aided and guided i in his course in life. Fo. 
‘His passing is a ‘great and distinet loss to his many friends and to the 7 


Taleott was elected a Member of the American Society of Civil Engi- a 
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ROBERT BRUCE TINSLEY, M. Am. 


Robert B Bruce Tinsley was born in Danville, V a., on August 24, 1883. His sy 


parents were James Whitfield and Nannie ames) Tinsley. He was gradu. 
ated from the Radford, Va., , High School. From this ‘institution, for out. 
standing work i in his studies, he received a aditealitts to St. Albans -Prepara-— 
tory School, at Radford, in 1900. On leaving St. Albans, he entered the — 
Virginia Polytechnic Institute, at Blacksburg, Va., where he continued until 
pursuing» ‘a course in Civil and Mining Engineering. During» his 
vacations, he gained practical experience in his chosen profession by working 
a firm of consulting: engineers engaged in 


mine surveys, coke- -oven construction, ete. 


Tinsley, accepted a position as and. Assistant Resident 
B with the Southern Railway y Company, at Bristol, Va.-Tenn., where for a year, 
until January 1907, he was engaged on railroad location and construction in 
the adjacent mountain country. Next followed six ‘months of work, for 
firm of consulting engineers, devoted largely to field problems i in connection — + 
_ with railroad location and mining developments. - During the next year, he % 
was engaged i in underground mine surveys, and, as Resident Engineer for the 
Chicago, Indianapolis, and Evansville Railroad Company, he located a 65- mile. ca 
line from Vincennes to Evansville, Ind. From July, 1908, to July, 1909, Mr. 
‘Tinsley was: Chief Engineer of the New Mexico Midland Railroad 
_ at San Antonio, N. Mex., and its subsidiary, the Carthage Fuel Company, of 
sir N. Mex. In this capacity he relocated and constructed sections of 
miles of mountain railroad, and directed the underground surveys for three a 
ae coal mines, together with the essential diamond-core drill work. asia 
_ From July, 1909, to May, 1914, Mr. Tinsley was engaged i in several capaci- pe 
? ‘ties in connection with the construction of the ‘Panama Canal and was em- 
ployed, successively, as Transitman, Junior Engineer, Assistant Engineer, 
and, finally, as Superintendent of Construction in the Pacific Division. Dur- 
_ ing this time he was first in charge of the layout work for the Pedro Miguel ms: 
Locks ‘and Dams; then Superintendent of Construction on the 
Lock, hydraulic core-dam, spillway dam, and electrical control houses for the 
Pedro Miguel and Miraflores Locks, , the Cristobal | Coaling Station, and later, 
- directed the work of the hydraulic sluicing plant at Gold Hill, Culebra Cut. 
For his excellent work in connection with the performance of the shee oe 
mentioned duties, he received letters of commendation from the late General ve 
W. U. 8. ‘Army, M. ‘Am. Soc. ©. » ‘and S. B. Williamson, 


M. Am. Soe. C. E., the Division Engineer. Heth. bie ove 
May, 1914, Mr. Tinsley accepted position as Manager and Engineer 


‘the General Asphalt Company, at. ‘Guanoco, enezuela, and performed 


1 Memoir prepared by H. B. Smith, Engr., and I. H. Associate sr. U. 8S. ‘Engr. 
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railroad ait — maintenance, dock and road constr 
“camp sanitation, and water supply, 
He became Division of Construction and Resident Engi- 
‘eer for the Chile Exploration Company, at Chiquicamata, Chile, in January | 
_ 1916, and continued in this capacity for nearly two years. As such, he had 
direct charge of the construction of a $39 000 000 copper leaching plant, which > 
7 involved the construction of railroads, highways, two 67-mile desert pipe lines, 
~ and storage reservoirs for water supply, and the installation of electric- 
generating machinery and equipment, and other construction activities. 
' 3 When he left the services of this Company, his associates and employees - 
presented him with a fine gold watch, 
ae ith the outbreak of the World War, Mr. Tinsley volunteered his services ‘ 
in defense of his country. | ‘He entered the service in Ja1 anuary, 1918, and served 
with distinction as Captain of Company C, 605th Engineers, with the Ameri- __ 
can Expeditionary Force i in France. At the completion of his military service 
ind uly, 1919, the men of his Company, as a token of their high esteem for 4 
him, presented him with a loving cup. 
Soon after returning to private life, Mr. T insley President and 
General Manager of the Crest Coal Company, of Big Stone Gap, Va., and 
continued in this capacity until April, 1924. During the summer of - 


q year, he was again in Government service as Superintende nt of Construction © 
of Lock and Dam No. 50, Ohio River, reporting ‘to the District : Engineer, 
oe Retiring again from Government service he was for two years Vice-Presi- | 
dent and General Superintendent of the Smith’ Company, of Birmingham, 
“Ala. With this firm he was in direct charge of the eonstruction of steel and 
concrete bridges and important municipal utilities. In September, 1926, Mr. 
_ Tinsley became Resident Engineer for the City of Lexington, Va., and while 


large | earth dam for the city water "supply. In 1928, he became Consulting» 


this position he had charge of the engineering and construction of a 


Engineer for the Town of Big Stone Gap, where he directed a. water- shed 
survey: and an investigation on water supply possibilities. At the conclusion 

of this work, in the same : year, he constructed three highway bridges for the 7 

Tn October, 1928, Mr. Tinsley accepted a position with ‘the U Inited States 
Engineer Department, New Orleans, La., where he was ‘in charge of general — 
‘channel rectification work and RTM PT navigation in South Pass and eat 
outhwest Pass at the mouth of the Mississippi River. This work included 7 
ank r revetments, construction of jetties, bulkheads, spur- -dikes, and hydro- 
raphic and hydrometrie surveys. While engaged on this work he was also 


associated with the performance of three important hydraulic model studies bait 


° 


NM 


made at the United States Waterways Station, Vicksburg, 

Miss. As a result of these model studies, new works” were designed “and” 

constructed, which resulted in marked improv ement of the channel. 

Early in 1935, he accepted a transfer to the United States Engineer Office, 


at Galveston, In this office he the Position: of | Senior Engineer, 7 


AL 


| 


for channel improvement at the Passes of the Mississippi River, which ‘were “a 
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OF — TONER 


engineering and the preparation of reports ine connection with river a 
harbor improvements for flood control and navigation. add 40 4 
_ Mr. ‘Tinsley was ) married on October ‘ 28, 1907, to Sue Goodloe, daughter of 


‘an ‘only son, J shai i Tinsley. He member of: the 
_ Institute of Mining and ‘Metallurgical 1 Engineers, and the Society of Ameri- a 


was a man of rare personal Ghai and magnetism, and always “made 
- for himself a large number of friends and admirers among those with whom 
he was associated. Apropos of this, it is fitting to quote the following from 
the pen of Lieutenant Colonel E. H. Marks, U. 

Soe. C C. E., at Galveston, under whom Mr. Tinsley last served: soften a4 
ar Robert Bruce Tinsley had a great wealth of varied experience but perhaps — 
of even greater value was his devotion to his duties and his kindly considerate _ 
= treatment of others. To him no task was done unless it was well done. | “a 

. ways working regardless of hours he gave the most meticulous attention to 
_ details of estimates and designs and was unsparing of himself in carrying out q : 
3 


» his tasks. Those privileged to work with him were always mindful of his 
friendly advice and encouragement. He was a fine Virginia gentleman.” 


Ti 


Mr. Tinsley was elected an Associate Member of the American Society of 4 
‘Civil Engineers on February 6, , 1912, and a Member on October 9, 1917. 


“Ta CARLING TONER, M. Am. Soc. 


Arthur Carling Toner was born in Baltimore, Md, on November 21, 
1881, the son of John M. and Kate (Carling) Toner. His early. education 


obtained in the public schools of Baltimore. 1898, he entered the 


University of Vi irginia, in Charlottesville, a., where he studied for a little 
“more than two years. Mr. Toner then studied for three years at the Uni- ite 


versity of Pennsylvania, in Philadelphia, Pa., and was graduated in June, 
‘= 1904, with 1 the d degree of ‘Bachelor of Science in Civil il Engineering. 


33 
Mr. Toner was closely connected with ‘the ‘construction industry” through- 


al his life. His earliest employment after graduation was with the Latta %. ex 
and Terry Construction Company for which firm he had worked during: col- ea iey 


lege vacation periods as Instrumentman and Timekeeper. | Between 1904 and A a 


‘ 1906, che was Engineer and Assistant Superintendent on electric railway fi 
a “construction and improvements at the United States ‘Naval Academy, | in ¥ 


ple 


Annapolis, Ma., for which the Latta and Terry Construction Company. were, 


— 
— kc in this connection, 
charge of the General Engimeering Division. 
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Mr. Toner entered the employ of the Bolthnore Commission, 
with which he remained until January, 1914. During this period, while Mr. 
Toner was: Resident Engineer in charge of construction, extensive improve- 
ments were made in the system, including the construction of several large 


and the tunnel for Jones Falls Conduits. ot 


“his next ‘position, in January, 1914, of American 


Cement Manufacturers, later, the Portland Cement Association. 


aun 


eapecity on of plans and and on the ann 


_tion of projects involving 
7 In August, 1916, Mr. Toner became District Engineer for the, Portland 5 


; he was in charge of the work of the Association in Ohio mai Western Penn- 7 


ania. ia W ith the outbreak of the Weeld ‘Wa ar in April, 1918, h he was given 


of the Liberty Shipbuilding Company, in Boston, 

for the Emergency Fleet Corporation. He was at W 
N. C., for about four months as General Assistant in the organization of 7 

eer 3 =a construction force and the building of a shipyard for the construction of a 7 
eonerete ships. Later, he was in charge of the Brunswick, Ga., Yard for 
9 about six months as Representative of the Contractors for the Emergency _ i 
Fleet Corporation. While at the Brunswick Yard the concrete chip, Atlaniue, 


és k | ia In February, 1919, Mr. Toner again rejoined the staff of the Portland 
Cement Association as District Engineer in Pittsburgh. In 1925, he became 
. S Regional Manager of the Mid-Eastern Region of the Portland Cement Asso- — 

ciation, with headquarters in the same city. In June, 1929, he was trans- — 
ferred: to the Washington, D. C., Office as Manager, where he remained until 
1933. health forced his’ temporary retirement at that time, but, later, 
he was able to resume active work with the Association in its General Office, 


-* Chicago, Ill., where he remained until his death. During President 


7h | Hoover's administration, Mr. Toner served on the President’s Committee 
ee: . dination the period of his connection with the cement industry from eel 
i a4 ntl 1937, Mr. Toner contributed much to its progress. He saw the e general 
2 ma adoption of concrete highways, the extensive use of concrete in bridges and a 


buildings, and an increase in the consumption of cement from 88 000 000 bbl 
. per yr to a maximum of 176 000 000 bbl. At the time of his death, Mr. Toner ay a 
was the oldest employee i in the Portland Cement Association from the stand: = iy 
Two years” after his" graduation from college, on August 15, 1906, Mr. 
Toner was married to Margaret A. Murphy, who, with their son, Arthur Oe 


* =) 
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—— MEMOIR OF ‘ARTHUR CARLING TONER 
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the southeastern part of the United States, doing educational and engineer-— 4 

; ing work pertaining to various uses of cement and particularly conerete 
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Never did he state a half-truth to accomplish his purpose, and he gave of | 
himself 1 without stint | to every | task undertaken. He had an analytical mind 


active in societies ‘and including the: of 
Western Pennsylvania; the Engineers Club, of Philadelphia; the National | 
Press Club; and the Cosmos Club, of Washington, D. C. 
Mr Toner was elected an Associate Member of the American ae of 
“9 Civil Engineers on October 1 , 1912, and a Member on October 3, 1922. 


John Jervis Vail, the son of Robert Bruce and Emily (Jervis) Vail, was 

born at Rehway, N. J., on September 14, 1877. His early education was 

i _ secured in the public schools of Rahway and at the: Rutgers Preparatory 

Z School, New Brunswick, N. J. He was graduated from Rutgers University _ 
with the degree of Bachelor of Sci ‘ience in 1898, and in 1902 was awarded the - 


ss From December, 1898, until his death on December 2, 1936, Mr. Vail was 
- eonnected with the Pennsylvania Railroad Company. Until April, 1900, he 4 
_ was a Rodman in the office of the Assistant Engineer at Jersey City, N. Jd. 


He was then transferred to the 8 Corps of Ww. C. 


of the Pennsylvania. “New: the clevation ¢ of the 

i 
railroad through Rahway ; and important rock excavation work in Jersey City. By, 
From 1918 to 192 24, . Mr. Vail was Assistant ame at Meadows Yard, in ‘= 
New Jersey; and wa was connected with the Valuation ment of the 
Company, on appraisals of es on estimates 
of cost of an automatic electric: system, for the New York and New Jersey a 


= 


n 1925, Mr. Vail became E mgineor of ‘Constraction; Chief ‘Engineet 
Department, and nd superv ised the construction of : Pier K in Jersey City, the — Es 
- American: Railway Express Building, i in Long Island City, N. Y., the rebuild- 

ing of the Journal Square Station, Jersey City, for the Pennsylvania Railroad © 

—Hnudson and Manhattan Railroad Companies. ‘o 

1928, he built the Hackensack River Freight Bridge, the foundations 
 : the State Highway Bridge, and the Hackensack River Passenger Bridge. are 
1930, he was engaged in water-front development in Jersey City, 


1 Memoir prepared by Earl Reed Silv Esq. t. of Alumni and Public Relations, 


Rutgers ‘Univ., Brunswick, N. J. 
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MEMOIR oF GEORGE REED WADSWORTH 


1931, Vail claims for 
alae reduction aa railroad property taxes in the State of New nem 
Chiefly through his efforts, | a reduction in tax assessment of $4000 000 wa 
obtained, and a reduction in annual tax payment of $100000. For the sae" 
two years, he continued his tax Surveys, his work resulting i ina total reduction 
- He was a member of the American Society of Terminal Engineers; New 


ey Professional Engineers; and of Phi Beta Kappa, , Zeta ‘Psi, and Thee 


Je 
N 


ars 
Shia? A lifelong resident of Rahway, Mr. Vail was continually active in in city 7 


‘fe the City, ree was t the first to make a five-year plan for city streets no 

public improvements. other ‘municipal “matters, his knowledge of engi- 
, neering and experience in public affairs and large construction projects made 

his service to the City of inestimable value. . Throughout his life he took 
i a deep interest in its welfare and fostered many ‘aneaaeie | which tended to 

Promote its growth along permanent and desirable lines. 
ail was a member of the Second I Presbyterian Church, serving 
‘Deacon for twenty- -five years and also on its Board of Trustees. For a long p 

_ period, he was a Director of the Rahway Young Men’s Christian . Association, - 

being especially interested in athletic activities and character-t building pro- 
grams. _ He was President of the Rutge rs Club, of Rahway, in its first year 
of existence, and a member of the Rutgers University Alumni Council. 

All who knew him held him in the greatest respect. - His rugged honesty, 
“his modesty, his unselfish service to the community, his wilediiias to ‘assume a 
duties from which he might have excused himself, endeared him to a host of _ 

_ friends. - Mr. Vail lived the life of a Christian gentleman ; ; was always = 


“tie 
- siderate of the feelings of ‘others, and always tolerant of human failings and a 


On | October 19 1905, he was married, i in Rahwey, to etn 


mann. He is survived by his widow, two “diate: ‘Anna Marie \ Vail and 
Helen Camille (Vail) Hayes, and one son, John Jervis, Jr. 
Mr. Vail was elected an Associate Member of the American Boctety’ of Civil 
on January 4, 1905, ‘and a Member on October 26, 1981. 
Durer ra GEORGE E REED WADSWOR TH, M. Am. Soc. C. 


E. 


~ George Reed Wadsworth was born in Keene, N. H., on August 22, , 1875, 

the son of Samuel Wadsworth and Ella (Reed) Wadsworth. He was a 

seendant of Christopher Wadsworth who first came to this ¢ country in 1632 

a 


and settled a at Duxbury, Mass. ‘He attended the Massachusetts Institute of 


“Ine, _4Memoir prepared by Lester D. Gardner, Secretary, Inst. of the Aeronautical Sciences, 
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MEMOIR OF GEORGE REED WADSWORTH 


at with the. degree of Bachelor 
of Science in 1898. _He was a activities, and at 


Immediately after his gr graduation: Mr. Ww the 
- Department of the New Y ork Central Railroad Company. He was promoted — 
rapidly” from Transitman to Acting Supervisor of Track. In 1901, he wn 
given charge of yards and engine-house layouts, and bridge masonry and | 
a renewals, until he became Resident Engineer at Albany, N. oo responsible — 4 
« charge | of contract work, ‘substructure renewal of the freight bridge actos of 
- the Hudson River, the passenger station at Troy, N. Y., and car shops at W est 
_ Albany, N. Y. ol Coming to New York, N. N. Y., in 1902, Mr. Wadsworth became 
_ Assistant Engineer on terminal improvements in New York City, in n charge 3 
of the Port Morris Depression, including a 500-ft double- track rock tunnel; be 
1500 ft of double-track concrete arch-roof subway; and designs for fous. 
tracking the Electrification Zone. In 1904, he was in charge of the contract 
4 work o on terminal improvements Ciel Mott Haven, New York City, to Croton: + 


‘In May, 1905, he joined the Construction D Department of White 


Company, Incorporated, | and for two years was engaged in and 


electric railroad construction, irrigation projects, wharves, dams, ‘ete. 


In December, 1907, 3 Mr. Wadsworth became Consulting Engineer to the | 
"Metropolitan Improvement Commission, Boston, Mass. He p prepared a 


Massachusetts, covering the proposed complete unification and operation under — ; 
‘control of all ‘passenger and freight steam railroad properties and 


facilities within the Boston Terminal District. He also made a _Teport on 


the proposed development of Boston Harbor to provide a additional water- front 


— 


ne, 1909, Mr. W adsworth joined the ] East Boston Company, : as En- 
gimeer in charge of “the: preparation of plans ‘and estimates for propose 
docks, wharves, railroads, etc., along the water-front of East Boston, From 
> June, 1910, to July, 1913, he was in charge of the design of Peerless auto- a 


mobiles, as Engineering Manager and saan "Engineer « of the Peerless Motor 


Believing that the United States would soon join the Allies in their 
struggle with Germany, Mr. Wadsworth decided to acquire some , preliminary 

- military training. _ He attended the Plattsburgh Training Camp in the sum- 

* mer or of 1916. _ This was the first of the Plattsburgh | camps and was under - 
direct supervision of ‘the late Major- General Leonard WwW ood, wv. s. Army. 
Probably there has never been such a distinguished group of ‘ae ie 

those who joined the First Provisional Training Regiment. 

. “4 In April, 1917, Mr. Wadsworth became a member of the Staff of Major Ee. 

Henry Souther as a Civilian Engineer in the Aviation Section of the United a 


‘States Signal Corps. - This | group was directly in charge of the huge engi- oe 


Davi is, ‘of Boston, manufactured automobile starting an and 


— 
— | 
— q 
sis 
— | 
— 
— 
4 
— | 
— 
— 
— 
— 
@ 
P 
— 


eadets and companies” for war service. On Sune 30, 
i 1917, he was commissioned a Captain in the Aviation Section of the Signal _ 
: ton and on October 3 of the same year he was promoted to the rank of — 
.* “oi October, 1917, at the request of the Chief of the Bureau of Construc- s a 
tion and Repair of the United States Navy Department, Major Wadsworth a 
e was detailed by the Chief Signal Officer of the Army to the Naval Aircraft _ 4 


4 Factory, at Philadelphia, Pa. became Chief Engineer, and under his 
were manufactured Liberty- engined, 7 


ys After his discharge from the Servi ice on December 30, 1918, Major Wa de 
wo! orth, with a group of aviation engineers, formed The United Engineering — 
~ Corporation, i in ae York. This firm was engaged i in the development of air 


_ transport, airplane manufacturing, and the disposal of surplus war | aircraft 


In 1921, he returned to his and several inves- 


tigations and reports on industrial and economic surveys principally within — 
the Automotive Industry. : In 1923, he became interested in the ‘manufacture 


of electric | washing ‘machines and was made Vice-President and General 
Manager of the Conlon Corporation, in Chicago, 
ate In 1924 he | ‘became an official of the State of New York. Starting with — 

an appointment as Director of the Division of Operating and Planning Re- 


search of the Department of Architecture he conducted a _ study involving 


n- 

involvit ing g the future expenditure of $80 000 000 for new State Hos- 
. ae pitals for the Insane. Transferring i in 1928 to the Department of Correction _ 
as Assistant Commissioner he became Superintendent o of Prison Industries, 


| 


in charge of operations of industrial activities in all the correctional insti- a 
tutions of New York State. _ The production of these prison shops was limited — Pe 
to about twenty lines, but had an annual value about $2 000 000. He re- 


of 


tired from active service on June 30, 1937, due to ill health. 
George ‘Wadsworth was regarded by his associates, even from his 
"graduate days, as a brilliant student of civic ‘affairs: as well : as an experienced = 
engineer. His studies i in ‘connection with public health and economic trends” 
were an' avocation which brought him in touch with many of the forward — 
looking statisticians of the United § States. ‘His reports, which he usually 
a preferred to draw and type himself, reflected the skill of presentation which Y 
he inherited from his father who during his later life became an amateur 
maker of ‘many scientific instruments and whose 8-day astronomical clocks are 


_ worthy to be placed in scientific laboratories. In his personal relationships, _ 


- Major Wadsworth attracted the friendship of a wide circle of talented men 
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MEMOIR OF ISAAC § STANLEY 


sicttllle was a member of the University Club, and the Engineers Club of Ne 


Bork, ) the Society of Automotive Engineers, and the American Societ ety of F 


he was married at Albany, N. Y., to Alice Randie, on April 9, 10902, and 
is survived by his widow and a son, George |] Randie Wadsw orth, of New York. 
Mr. Wadsworth was elected an Associate Member of the American Bociety 
a Civil Haginnen on November 7 i, 1906, and a Member on November 8, 1909, 


ISAAC STANLEY WALKER, M. Am. Soc. CE 


Isaac Stanley Walker was was born on July 10, 1883, at Phmadetbaie' Pa. He 


His father was born 
- jn 1840 in Lancashire, England, and came to America i am 1861, settling first in 


ae Walker received his early education in . the Public Schools of Phila-— 
- delphia, and, later, attended Temple University and Drexel Institute of 


— 


ae For a Period of about five m months in 1900, Mr. Walker pervedl as an Ap 


six months in 
wall and Lebanon the Pennsylvania Railroad Com- 

From August, 1901, to 1910, Mr. Walker was in the employ of the 
. é City of Philadelphia, engaged on the Water- Works System. During this time | 
i he filled s1 successive positions as Chainman, Rodman, ‘Transitman, and Assis- 
tant Engineer. _ Seven years of this time were spent on the construction and — 
years on the design and construction of pipe distribution systems. 
From May, 1910, to October, 1916, Mr. Walker was ‘lial as a Staff " 
2 M. Am. Soe. C. E., and the late George Warren Fuller, M. Am. Soe. C. E) 
and, later that of Hering and Gregory (the late John Herbert Gregory, M. fe 


1901, he served a as a and Rodman on n the ey Corps of the Corn- 
-~ ~y operation of the Torresdale, Belmont, and Queen Lane Filter Plants, and two 7 
Engineer with the firm of Hering and Fuller (the late Rudolph Hering, 


sewage t treatment works of Atlanta, Ga., Batavia, Kings Park, 
oneck, and Larchmont, N. ¥.; Chatham-Ma adison, Orange, Montclair r, East a 


te | Orange, and Trenton, N. J.; Bridgeport, Conn.; and Roland Park, Md.; for 


water- “works and filter plants at Grand Rapids, Mich., Minneapolis, Minn, me 
Montreal, Que., Canada, Zanesville, Ohio, Lynn, Mass., Morgan Estate, New 


Memoir prepared by a Committee of the Philadelphia Section, Am. Soc. C, E., 
sisting of W. H. Chorlton, and H. M. Freeburn, Members, Am. Soc. C. E., and & A. "How cay 
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WALKER 


October, 1916, to September, 1918, he was Designing Engineer : for 
q sewage treatment works of the City of Philadelphia. During the last a 
q months of this period, ace as Division Engineer in charge « of thi or 
_ From September, 1918, to » September, 1927, M Mr. Ww alker was General Man-— 
ager of four water properties—at Chester, Pa. Vince ennes, and Greencastle, 
_ Ind., and the Delaware Water Supply Company. He was Managing Executive 
% during this period, in charge of all engineering work, including a new filter 
: plant with wharf, intakes, and pumping station at Chester. A valuation of 
the property of this Company made by him was the basis for a grant of in- 
crease in rates by the Public Service Commission of Pennsylvania. — During 
the last two “years of this period, Mr. WwW alker_ was President of the New 
Chester W: ater Company and | ‘Secretary of the Vincennes and Greencastle 


oz From September, 1927, to January, 1930, he was Vice-President and Gen- ; 

“eral Manager of the Pennsylv ania Water Service Company and the Scranton-— 

Spring Brook Water Service Company, ‘subsidiaries of the Federal Water 

Servi ice Cor with headquarters at Ww ilkes-Barre, P 


7 From January, 1930, until his death, ‘Mr. Walker had an office in Phila- © 
-delphia a a Engineer. this time he visited 


invitation of the Soviet Government, to and report on a 
- plan of water supply, sewerage, and sewage treatment works for the City of 
~ Moscow. ? He also served as an Associate Ww ater Consultant for the National 


_ Resources Committee of the United States Government and made a compre- — 
study and 1 report on the Delaware River Basin. 

< Mr. W alker gave freely of his time and effort for the betterment of his 


profession. - . By his high qualities of courage, uprightness, and helpfulness, he 


, On May 10, 1905, he was married to Lillie Margaret Winner, of Philadel- ~. 
His widow and five -children—Edward Stanley, Robert Winner, Wil- 
liam: Alan, Ruth Evelyn, and Helen Margaret—survive him. 
> _ Mr. Walker served as Director, Vice-President, and President of the Phila- 7 
‘delphia Section of the Society. was a member of the American Water 
orks Association, and served as, Chairman | of the Four. ‘State 
and Secretary of the Committee on Water Rates for three years. = 
; He was a member of the Pennsylv ania W ater W orks Association, a member er of < 


the Executive Committee for four y years, and Vice-President for two years. 


a He was also a member of the American Public Works Association, the Penn- 


:. ter Works Operators Association, the Pennsylvania Sew: age WwW orks 


y 
“Association, ‘and the Engineers Club of Philadelphia. 


Me. Walker was elected an Associate Member of the American Soviety of 
Engineers on Be 3, 1913, and a Member on January 923. 
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OF JAMES. WARREN 


JAMES GOOLD WARREN, M. Am. Soc. C. 

‘a — Goold Warren, the : son of Joseph and Jane Vail (Goold) Warren, 
was born at Buffalo, N. Y,, ‘on September 12, 1858. He w was descended from 
_ pioneer stock, the first of his family, John ‘Warren, having arrived in this 


country from England in 1 1630. father, his native State of 


Nee many years, one of its prominent citizens. ‘i the time of his death, in 
1876, he was s Editor-in-Chief of the Buffalo Daily a (4 nl 
James Warren received his early education in the public schools. of Pat 
fs falo. a Later attending Phillips- Exeter Academy, at Exeter, N. young 
Warren planned | to ‘continue an education in medicine. ‘This ‘plan was in- 
 terrupted, however, by his father’s death. On July 1, 1877, he entered the | 
United States Military Academy, at West Point, N. from which he was 
graduated on June 11, 1881, Number 5 in his Class. ‘He was promoted to 
; the rank of Additional Second Lieutenant, Corps of Engineers, U. S. Army. 
Lieutenant Warren’s first assignment with the Engineer Battalion at 
"4 Willets Point, N. Y., from which he was graduated i in 1884. During this pe- i. 
Tod | he was promoted to the rank of First Lieutenant. rom 1884 to 1885, he 
served as Assistant to the officer in charge of the Chattanooga, Tenn., District, 
Engineer Department- at- Large. __ From 1885 to 1887, he was detailed as hb 
structor in Civil and Military Engineering at the Ss. ‘Military Academy. 
In 1887 he became Secretary and Executive Officer, Academic Staff of 7 
Engineer School, and Adjutant of the Battalion of Engineers at Willets 
Point, where he continued on duty until 1891. From 1891 to 1893, he served 
as Assistant to the officer in charge of the construction of fortifications i in 


After a short assignment as Secretary and Disbursing Officer of the 


Mississippi. River ‘Commission, at St. ‘Louis, , Lieutenant Warren 
District Engineer at Louisville, Ky., ‘and served as such ‘until 1908, He was 


Promoted to the rank of Captain in 1894 le 


ol Bear Ini 1898, Captain Warren w was assigned as District Engineer at Milwaukee, 
Ws - and, in that capacity as well as that of Engineer of the Ninth Light- GS 
house District, he until 1905. | He became aM Major in 


From 1905 to 1910, Major W aren was District Engineer at Cincinnati, 4 
Ohio, and was also Division ‘Engineer, Central Division, from 1909 to 1910. 
He was promoted to the rank of Lieutenant Colonel in 1907. alge = 
a In 1906, he was made a Member of the Mississippi River Commission and 


Memoir prepared by R. B. under the direction Col. Hi. Marks, Corps 
of Engrs., U. 8S. Army, M. Am. Soc. 
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MEMOIR OF JAMES GOOLD “WARREN 


to the rank of Colonel in 1912 and, in the same year, was ap- 


pointed Division Engineer of the Great Lakes Division, in which capacity ae 


| he supervised a all river and harbor activities of the Great Lakes and the St. 4 


Lawrence River. He ‘continued to serve concurrently as as District 


“until 1915, and, again, assumed that responsibility from 1917 to 1919. bald 
i 1917, Colonel WwW arren, by authority of a Joint Resolution of Congress, “A 
~ assumed charge of the “ Investigation of Diversion of ‘Water from Great 
Lakes and Niagara River.” This investigation covered the various phases of a 
water diversion, including its effect upon navigation, sanitary power 
‘purposes, and the preservation of the scenic | beauty of Niagara Falls and the 
* rapids of Niagara River. — The report of this investigation, published i in 1920, 
is regarded as an authoritative text on this all-important subject. ‘The then 
~ Senior Member of the Board of Engineers, the late Brigadier- General Harry P= 
“Taylor, U. S. Army, M. Am. Soc. C. E., commenting for the’ Board upon 
The report is the only comprehensive and thorough intvestigation af all 
these subjects ever made and possesses great value, not only from the tech- - 3 
but also from the very full historic, presentation of with 


9 Be: hile still Division Engineer of the Great Lakes Division, Colonel W ar- 
ren, having attained the age of 64 yr, was retired by operation of law on 


e continued to make his home in Buffalo until io ‘a oa 


_ September 12, 1922. He contin ‘make his home in Buffalo u 

During his forty- five years of active service with the Corps of Engineers, . 


“Colona Warren justly earned the reputation of being one of the outstanding © te 
members of that organization. As District ‘Engineer at Louisville, Mil 


 waukee, Cincinnati, and Buffalo; during his long term as Engineer of the 


- Great t Lakes Division; as a member, f¢ for so many years, of the Mississippi he a 
‘Bivee Commission; and as a member of a large number of Special Boards os > 
of Engineers, charged with the investigation of a wide variety of problems, 


he gained invaluable experience and came | to be regarded as an authority « on 

all matters pertaining to navigation on the Great Lakes and the inland water- le 


on In 1881, Colonel Warren was married to ‘Sarah Clifton Wheeler, at WwW est 


Point. “Mrs. WwW arren died in ‘Milwaukee in 1901. A ‘son, W heeler, and 


— Colonel W. arren was well known for his unswerving devotion to duty and his a 
Commenting on 


Aside from his enviable record as an officer of the Carpe of Engineers, 

Colonel J ohn Millis, Corps of Engineers, wu. Ss. Army (Retired), 


unfailing loyalty to those who were: associated with him. 


yeeall the affection and respect which the of 1881 had for Jim _ 
Captain, and the strict fairness and davetion with which 


_ Warren, our first 
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MEMOIR oF. ‘LEON: ARD 


he performed duties of that youthful but office. . Thies char- 


Booms he continued to display through all of his subsequent ¢ career.” vad ie) 


Maj. -Gen. E. M. Markham, U. S. Army (Retired), M. 
formerly Chief of U. S. Army, added the following: 


“T pride myself that I eattieeel Colonel W arren in early days as a gentle, 
ssa characterful man, inflexible of purpose, wishful that he ‘might conceal 

his downright gentleness. His sturdiness of purpose and character as I ob- 


Ww reiting of! Colonel WwW siren’s areer, “Malin Chief of ‘Staff, 
Keenly in his pr with special knowledge of civil engi- 
neering as applied to river and harbor improvements, Colonel Warren was 

a on duty for many years in connection with engineering projects on the rivers 
— and lakes of the middle west, and loyally and efficiently performed the duties 

x of an Engineer of the Army throughout his active TEMS eae a period 


of forty-five years. His death is deeply regretted.” 


Colonel W: Warren was elected a Member of the American Society of Civil 


LEONARD CHASE WASON, M. Am. Soc. C. 
tik 


= 


Leonard C hase W ason was born on August 5, 1868, in Brookline, Mass, By 


7 fi- 
the son of Elbridge and Mary Isabella (Chase) W ason. On both the patel ; 
and maternal sides his ancestors were among the of the in 


After his prepara tory “education, Mr. ‘Wason entered and was 


from the Massachusetts Institute of Technology, at Boston, Mass., in 1891, 
with the degree of Bachelor of Science i in Electrical. E ngineering. He began 
| os his professional career as a Draftsman in the office of the late Frederick 8. 


Be earson, M. An. Soe. C. E., of Boston, Consulting Engineer t to the Brooklyn 
_ City Railway y Company, , of New York, N. Y., and the. Dominion Coal Com- : 


- pany, of Boston. For two years Mr. Wason was engaged i in design and field 


_ supervision. dur He made all the plans for the Easter n Station, on Kent Avenue, 


of the Heights Street Railway. He designed a part of a ‘power 


ii 


station ‘at Ottawa, Ont., Canada, and nearly all the improvements made by i 
_ the Dominion Coal Company for its mines at Cape Breton, Nova Scotia, and a 
its terminals at Montreal, Que., Canada. In 1894, he was Superintendent of 

Construction of wooden coal-pockets and Wellington (Ont.) Basin. 
ath also designed and eoal- Bending 
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1884 ow late Ernest L. Ransome, “Affiliate, Am. Soe. E., had been 
a United States patent applying to the use of “ or hoops, 
; isted, so as to form a continuous bond with the concrete, ' in which they are— 
_ permanently imbedded ”, and during the following ten years a few structures 
of reinforced concrete had been built in California. In 1894, Mr. Wason, a 
with Messrs. William Hartley Dennett, and Ross F. Tucker, the latter holding» 
4 license from the Ransome and Smith Company, of San Francisco, — 
granting to him the use of various concrete construction in the 
States of Massachusetts, Rhode Island, and part of Connecticut, meer 
‘themselves together for the the purpose of forming a company to engage in con- 
struction work, and incorporated the Aberthaw Construction. ‘Company y under 
_ the laws of the State of Maine. This name was later changed to Aberthaw 
Company, and corporate "charter was issued to the Company by the Com- 
Rag During the first year, Mr. . Wason served as Director and | Engineer of he 
Company, but was elected President and Treasurer in 1895, which | offices, 
~ together with that of Director, he held continuously until the time of his death. 4 
-s As he devoted practically his entire business career to the development 
and management of this Company and lived to see it grow from a very small 
and obscure beginning into one of the leading construction companies in the 
Tale the ‘following notes regarding the derivation of the name 


As previously stated, Mr. W: ason had become enthused over the possibilities 
é a concrete. £4 He and his associates were familiar with the experiments carried 


on by John. Smeaton in 1756 when he was engaged in rebuilding the | Eddy- 
stone Lighthouse off the English Coast. This lighthouse was built ‘in an 
exposed and dangerous location where the difficulties of construction were 
enormous and where terrific. storms not infrequently lashed the work with 
furious. severity. "Smeaton, therefore, dented it necessary to use a cement 
that would be capable of withstanding the influence of sea water and pos- — 


; sessing also the capacity of resisting the mechanical action of violent storms. 


“fulfil these requirements. tine ‘numerous teats with, the different materials 
available to him, and concerning which he has left detailed and complete 


pum, the calcination of as contained « a large propor- 


tion of clay in their composition, and it is universally acknowledged to- day 
that Smeaton originated the science of water cements. He demonstrated 
that the real cause of hy: draulicity of cement was due to an argillaceous _ 
"admixture and that the prev iously held theory that the purest and hardest 
limestone was the be best material for purposes was incorrect. 
Of the ) different limes with which he experimented, a blue lias lime a 
_Aberthaw, little sea-coast town in Glamorganshire, Wales, when mixed with | 
various proportions of tarras greatly excelled any of the other mixtures. Its 
under» water was satisfactory, and it con nued 
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MEMOIR OF LEONARD CHASE WASON 
brought from: Civita Vecchia, near Rome, Italy, Smeaton constructed the 
> endure for many years as a beacon’ m not 
alle to storm- tossed sailors, but also to those who were endeavor oring through — 
research and experimentation to increase the technical knowledge pertaining © a 
to the Building and Engineering Professions. — That the base of this ie 
house still stands is eloquent testimony to the ability ne its constructor and 
efficacy of the ‘material with which he worked. Yoon off 
i. In his accounts, he | states s that by the use of J Aberthaw lime and cunnateaill 
he did not doubt “ that they would make a cement that weal equal the best 
merchantable Portland Stone in solidity and durability ”. fue 
1824, Joseph Aspdin, bricklayer of Leeds ngland, was granted a 
patent for his invention of “an improvement in the Modes of Producing an - | 
- Artificial Stone ” . He gave the name “ Portland Cement” to the product 


and was the inventor of that Lenemsaenwigh of the name. Th hile ‘he maintained 


‘gredients contained in ‘the cement he ‘manufactured, it is that he 


also made ‘extensive use of “ Aberthaw ” lime his. product. therefore, 


was a happy inspiration and the result of studious research into the early 
i history of the materials with which Mr. Wason and his associ iates ‘planned to 


w vork and specialize, rather than mere chance that. suggested the adoption by 
Bd them of the name, “ Aberthaw”, as one peculiarly fitting to their enterprise, 


a: nder Mr. Wason ’s guidance and direction the Aberthaw Company was the 
pioneer company in New England to specialize i in ‘designing and building i in 


reinforced concrete, later extending its activities to all types of constraeaaas o 


work. He conducted extensive experiments and research in concrete mate- 
1 rials, their uses, and application, — and originated many devices useful in 
aah Among the early noteworthy structures built by the -Aberthaw w Company 


under his direction were ‘the Harvard Stadium; Fall River, -Mass., Public 


om Library; and the Attleboro, Mass., water stand-pipe, which at the time it was 


_ constructed, was the largest reinforced concrete stand-pipe in the world. ” Dur- 
ing the World War, the Company built. structures costing many millions of 
dollars, including buildings for the Winchester Repeating Arms Company, 


at New ‘Haven, Conn., the ‘ictory of the U nited States Navy 


Building, a at Boston, at a cost $4 000 000: re-built the Provident Institution 
for Savings Bank Building, at Boston; cece’ the State Pier at Port- 
land, Me.; ; the reinforced concrete grandstand, capable of seating 13 000, at ‘ 
Suffolk Downs, East Boston, Mass.; the Converse Memorial Building for the 
New England Baptist Hospital, at Boston; the Hanchett Memorial Building — 
for the Lowell Gener al Hospital, at Lowell, Mass., and numerous other projects. a 
During the period of Mr. -Wason’ Presidency, the Aberthaw Company 
built structures totaling more ‘than $100 — in value, and ranging geo- 
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a 1905 Mr. in 
Insurance Company, and served as a Director in Company, , and 
as al Director in the Lumberman’s Mutual Casualty Campeny. of Chicago, a 
_ He was one of the very early members of the American Concrete Institute __ 
and served as President of that organization in 1915 and 1916. _ He was a 
donor of the’ American Concrete Institute Wason Award for research on 
erete; also of the Wason Medal for the most meritorious ‘paper on the subject 

_He assisted in the founding of the ‘Associated General Contractors 

- America, Inc., and served as Vice-President of the New England Branch of | 

that organization. Upon learning of Mr. Wason’s death, Mr. Edward J. 

Harding, Managing Director of the Associated General Contractors of 

America, Ine., wrote to the Aberthaw Company: 


q “Word of Mr. Wason’s passing was received by the Association while 


tion, endeavored express its deep feeling by resolution. This resolution is 
zz transmitted with the request that you convey these sentiments of the 


by the Governing | of ‘The General Contractors of 


With deep sorrow the Governing of the ‘Associated General Con- 
tractors of America, i in meeting assembled at Washington, D. C., May 1, 1937 = 
learns of the passing of Leonard C. Wason on April 30, 1937. This Associa- 
tion, through its Governing Board, expresses its appreciation of his deep in- 
; terest and activity in its founding and his continuous loyalty to its principles 7 
now, therefore, be it = wll io 
oye « Resolved, that the » members! of the Associated General Contractors of 
America record their positive knowledge, individually and collectively, “a 
he has left to this Association and the Construction Industry a heritage in 
the record of his noble and unselfish life; his technical ability and aa 
__ his sterling character and high conception ‘of duty, and his unfailing kindness § 
z have inspired the respect, admiration and affection of his associates and 
friends on whom his passing has produced profound grief and sorrow, with . 
realization that the memory of his character and accomplishments will serve 
as an incentive to those who will carry forward the constructive work for ih 


Paw. Resolved that this expression be spread upon the permanent records of 
the Associated General Contractors of America and that copies be sent % 
In 1901, Mr. Wason prepared a Hand Book for the. use of engineers, archi- eo 


we and builders, giving data relative to reinforced concrete construction. — 


He also wrote numerous articles for technical societies and the technical pres 
_ concerning the the design of reinforced concrete structures, the physical properties 


wie 


of buildings materials, methods and equipment for use in construction, « cost. 
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MEMOIR OF LEONARD CHASE WASON 
was awarded the ‘Phebe Hobson Fowler Professional by the 
o Society for meritorious achievement for first honor (1929), as a recognition — 
a of his work as Chairman of a Committee of the Northeastern Section which - : 

developed the Code of Practice adopted by the Society. For the Society, he 
ba err as a member of ‘the Joint Committee on Specifications 1 for Concrete and 4 
Reinforced Concrete. ‘also represented the Society as a member of 

- Sectional Committee nvealidions on the development of a Construction Safety 
Code sponsored by the American Standards Association. He was always 
keenly interested in the ‘subject of accident prevention, and felt that “every % 
reasonable precaution should be taken that would ensure safe working condi- _ 
tions for employees. It was, therefore, a source of great pride to Mr. ‘Wason - 
when, in 1933, the: Aberthaw Company. won the Goble Contest for that year. : 
This contest is held annually under the auspices of the Associated General — 
_ Contractors. . The award is made at the Annual Convention of the Associated 

~ General Contractors and consists ofa sterling silver cup offered as a prize 
the member (company) having thee best accident prevention record 
the contest period on man- -hours lost against man-hours worked. Typical of © 
his : sincere desire to prevent accidents and the | er ief and loss caused to ‘the 


envelope issued by “Aberthaw “Company which 


man working ona or scaffold, or in, upon, or in connection 


with any ways, works or machinery which he considers unsafe or dangerous, — 


- must report the same to the foreman in charge. If the foreman fails to P.4 

_ remedy the defects, you should refuse to work upon or near the place cons 


He was intimented in the) ‘welfare of his workmen and always ready to lend his 


time to their problems and financial assistance in needy cases. ni 


Society of. “Mechanical ‘the Boston Society of Civil 
_ : Engineers, in which body he held office as Director and Vice-President. He ae 
also belonged to Chi Phi Fraternity, the Algonquin, , and Boston City Clubs, ier 
the Fraternity. Club, bed New Yo rk, and the Boston Chamber of Commerce 


of the Boston Noise Abatement was a life member of the 
Massachusetts Charitable Mechanics Association since 1928; a Director of 
the Master Builders. Association of Boston during 1925, 1926, and 1927, a 
a member of the Business Men’s Vocational Board of the College of Pang 
Administration Boston Unive rsity. He served as a ‘Director and as 


Commerce, and’ was also a member of the United Chamber of 


ait? 

“merce. ‘His favorite outdoor diversion v was — 
For many | years prior to his death he had Sida’ wnabanal of The First et 

Church of Christ Scientist, in 


te 
Wason was a man who never sought public prominence, although he 
gave generously of his time to civic affairs and served on many eommittees. , 
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He was always very ‘much interested i in pending legislation and - firmly believed 4 
it was the duty of citizens to advise their legislative representatives concern- 
f ing their views on current bills under consideration for enactment and to 
appear at public hearings for the purpose of either supporting or opposing 
- measures: of importance to the community. He was a liberal contributor to 


He insisted on absolute honesty in all his transactions and maintained — 


- that a reputation for honesty and integrity was the most valuable asset that 


an individual or a company could possess. He e possessed a very even dis- — 
position and no n matter | how try ing o or provocative a situation might be he never 
gave outwar gave full consideration 
1 to all matters that « came » to his attention “for ‘dectlen and never rendered a a 


hasty judgment. | - He never gave any indication « of any knowledge of fear. 

He never spoke disparagingly of. any one. He was abstemious in his habits — 
and furnished an example of honest and ‘upright | living to his friends and_ 
Mr. Wason was imbued with a spirit of cheerfulness. This, together | with © 

a kindly nature, he manifested daily in his association with his employees. | 


He always | looked on the brighter side of things and maintained an optimistic 


attitude even during the trying period of the depression when the outlook 


for the Construction Industry was very uncertain. 

a He was twice marr ied: First, on October 8, 1896, to Harriet C., ., daughter’ + 
James D. K. illis, of Boston. Mrs. W Jason died in 1915 four 
children, Elbridge, Alfred Boyd, Ray mond, and Lawrence Willis Wason. bo 
On June 24, 1916, Mr. Wason was married to Mrs. _ Annie B. (Atwood) 
= widow of Charles H. Redlon, of Portland, Me., who | survives him. — mt 

_ Mr. Wason was elected an Associate Member of the American Society of 
Civil Engineers on April 3, 1901, and a Member on April 1, 1903. 

ais SAMUEL C. WEISKOPF, M. Am. Soe. C. E.! ol 


CO. Weiskopf was born in New York, on September 17, 
1860. ‘He was the fourth of six children, five boys and | a girl. Most of his 
childhood was spent in Milwaukee, Wis., to which city the family moved 
when he was about twelve years old. 
ze ot After the usual preparatory schooling he entered | the University of a 


gan, at Ann Arbor, Mich., and was graduated from the Engineering Depart- 


in June, 1882, with the degree of Bachelor of Science. 


thereafter he obtained employment as as a Draftsman in the office of Rust and 
Coolidge, Bridge Builders, in Chicago, Tll., and fifteen months later received 


"RO H. Yates, and John W. Pickworth, Members, 
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MEMOIR OF “SAMUEL Cc. WwW EISKOPF 


of the Chief of 3 


he was put in of the for all ‘bridges of the 
-——- 1888, Mr. Weiskopf had become known as att authority, reporting on bridges _ 
ri for the Richmond and Allegheny Railroad, Western Railway of Alabama, , and 
Kanawha and Ohio Railway Companies. Cleveland and Mahoning 


le. Railway Company had adopted his designs for roundhouses i in competition 


wile 1898, ia Weiskopf dung his headquarters to New York City, and i in 
_ private practice began to devote himself more to building than to— bridge 
i work. At that time cast iron was used generally for columns, and his details 
= of bases and beam connections were a adopted as standard and ‘published, in- 
ou 1901, by the American Bridge Company. — He had a genius for simplification 
and standardization, and that helped him to attain” a position of pioneering 
-jeadership in an ever- -widening field of high building construction. 
Quickly and thoroughly he adopted the philosophies of this new work. 
‘He realized that here he had to accommodate the engineering with safety te a 
= architectural requirements, and his successful accomplishment of this aim ee 
together with a natural modesty, perhaps accounts for the fact that he did a 
not t receive even greater public recognition than he did. ‘His dev otion to the -— 
art : of engineering made him take the greatest personal satisfaction in having q 
a the architecture of the finished building unspoiled by an obtrusive skeleton. — 
He retained the boldness of the bridge builder, and as he designed viet | 
4 and higher structures. he did not hesitate to execute longer and heavier spans 
in order to create large rooms unobstructed by He was 


valuable details, possible the elimination of brackets and 


it was p possible to a high frame using ig but with ‘the 
Joints between columns and beams adequate in strength and stiffness, con- 
The Trin- 
a ity Building, i in 1 New Y ork | City, w was one , of the early designs enbodyinal this 
principle. Many other buildings in the Wall Street District gave him an 
bi opportunity | to dev elop and apply this conception. Some of the most promi- 
nent buildings in that District are: The City Investing Building; Adams 
_ Express Building ; American Telephone and Telegraph Building; The Bank on 
of America; and on three corners of Wall and Broad Streets, the Bankers ~ 
Trust Company, the New York Stock Exchange (where 24 stories are carried <n; 
by trusses over the Board Room), and the Morgan Bank, part of which he v 
later spanned to carry 33 stories. of the Equitable Trust Company Building, a: 
the air above the bank having been leased for a long period of years. 
fag Farther up-town in New York City, the American Radiator Building and — Re 
the Daily News Building bear the . stamp of his work. He « designed many 
in other parts of the United particularly i in Pa, 
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structure, and the highest building in New Ragland), ‘wen perhaps one of 

few most difficult and involved problems in wind- bracing ever to be eer 
to an engineer. It is one of Mr. Weiskopf’s most daring and successful a 
In 1920, he took his Principal Assistant into partnership to form ‘the firm — 
of Weiskopf and Pickworth and three years later, just after the coveted 7 

disaster in Japan, he was called there to advise the Mitsui Bank on the prob- — 
lems of dheigning to withstand such shocks. ‘The design of the main build- — 
ing in Tokyo and of four branch banks in ane Japanese cities was the result. ag 

ie structures attracted world-wide : attention a as the first thorough attempt or 


4 


at a solution to such a a bracing problem, and were the crowning ng achievement 4 
* to a career devoted to intricate structural design. 


= 


_ His kindly nature in all matters not only encouraged the young. engineers i. 7 
who came in contact with him, but proved most helpful to the less axperiensed: 
His mind was always open to suggestions of his fellow engineers, but before 
- “any acceptance o of such he would satisfy himself that the fundamental p prin-— 
ciples he so strongly advocated were not violated. He was so thorough in his ‘ 
_ analysis of any engineering problem that the practical execution of his design 7 
never failed to produce the desired results. 
Me Weiskopf was for many years an active member of the Engineers Club 
in New York City, but he always found his greatest pleasure in his family crn 
life. In his later years he traveled extensiv vely i in Europe for recreation, and, a 
in 1934, he retired from active practice to his home in Florida, where he died 
His kind of his” the simple honesty 
his thinking, endeared him to all who knew him, but denied him honors _ 
deserved but never aggressively sought. ~ He is survived by his widow, ron a 
0. W eiskopf, and his two ‘sons, Walter H. Weiskopf, M. ‘Am. Soe. C. E., who — 
is active as a partner in carrying on the practice of his father’s firm, and © 
Edward F. Weiskopf, Assoc. M. Am. Soc. C. 
‘The Structural: Engineering Profession can ‘rightfully be thankful that 
CO. Weiskopf was a member of it. == 


ip, Weiskopf was elected a Junior of the American Society of Civil Engi- a 
on May 7, 1884, and a Member on December 5, 1888. _ alr, 


‘WILLARD OLNEY WHITE, M. Am. 
Ay 19, 1937 


Willard Olney W hite 1 was born in Western, N. Y., on September 15, 1 1876. 
He was the son of the late Franklin and Harriet (Olney) White. His fore 


ie ‘tote Memoir prepared by Chester M. Lingle, Esq., assisted by Albert J. Opperman, a 
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and settled in the righ country there about 1800. 
* As a boy “Mr. White attended public school in Western and, , subse- 
quently, prepared for college at Gannontes Seminary, Cazenovia, N. Y., from 
which he was gr aduated in 1896. He then entered the Engineering 
of Cornell U Tniversity, at and wa: was grt ‘graduated i in 1900 with the 
a From June to September of that year, he was engaged as a Chainman and 4 
Rodman for the Central Railroad Company of Sew Jersey. He then entered 
_ the Engineering Department of the American ( vke Company, at Fivehenn 
as a Draftsman, later, becoming Chief Draftsman for the Company. 
his work consisted of ‘the development of 9500 acres of Pittsburgh coal, 
- requiring six shafts, 800 coke ovens, houses, water system, streets, and all 
In May, 1901, Mr. White joined the Engineering Department of the H. C. ; 


ik: Company, as Assistant Division Engineer, at Leckrone, Pa. Two 
years later, in May, 1908, he was transferred to the ‘General Office. of the 
same Company at Scottdale, Pa., in charge of design and construction of 
buildings, trestles, coke ovens, arches for permanent ways in mines, 

mechanical haulage devices, etc. He also supervised a part of the 


i 
cy tion of arch lining and permanent track arrangement for shaft Dottome, at 


zion Stany fat 


my __ From January t to June, 1904, he served as a Draftsman i in the > Engineering © 


Department of the Middle Div bien of New York State Canals, at Syracuse, — 


N. Y. He was then appointed Assistant Engineer of the New York State 


Barge’ — of ‘the Office, preparing and 


charge of the Drafting Office on Residency No. 
N. > where he supervised the p preparation of contract maps and estimates of 
Ss During this time he qualified as Resident Engineer, but before receiving 


appointment Mr. WwW hite accepted position Engineer of the 


Tower- Hill Connellsville Pa.) . As such he was 


of four the all power the building of tene- 
ment houses, the development of mines, and the construction of 680 cok 


ovens, together with railroad connections. At this time he also patented 


door for coke ovens which the Tower-Hill Company used on many of its 2 


In Octobe Mr. White in 


rf 


neering Department of the Y Youngstown Sheet ut Tube Company, at Hub- 


subsidiary of the Y and Tube Company. | This work con- 


_ sisted of the complete development of 8600 acres of ‘Pittsburgh | coal for a 
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ollowing his graduation Mr. Wilson entered the employ of the Pennsyl- 
Railroad Company i in various capacities and was connected with numer- 


aa seiinliaiilieded of 6 5.000 tons.‘ T he plant at Nemacolin is one of the finest 


in the United States, with. all modern improvements i in the town plan. BP The 

- mine with its conerete lined shafts, slope, and shaft bottom headings, required 

~~ most exacting | detail and a advance e thinking and planning for such 

daily tonnage of coal. aul? for At, ots 

(= In May, 1918, Mr. White was depiiated Chief E ngineer for W. J. Rainey, 

_ Incorporated, in niontown. This Company operated eight coal mines. “The 
: development of new mines and the modernization of old ones were under his | 

supervision. He remained with this Company until” his retirement it in April, | 

W hite was a of integrity. won the 
ys respect of all who knew him, and made real friends among all the types of 

people with whom he came in contact. | These friendships, once made, were — 


rg lasting because his own high standards’ inspired confidence and legate in 


Due to the exacting nature of his work, he had little time for recreation. 


fond of good r music and books, his greatest joy was in fishing, and 
he never missed an opportunity to avail himeelt this sport. He was a a keen 
> observe er and student of Nature nd 
where he could fully enjoy the woods. ands he loved so 

In later years he turned to water-color painting as a hobby, and his years “7 
3 detailed study of Nature showed in the accuracy and beauty of his painting “as 


Mr. White was a ‘member of the Rod and Bob Club, of Cornell University ; a cH 
a member of the Presbyterian Ohareli; and for many years an active e Rotarian. bh, 


adel; In June, 1904, he was married to Mary Ann Neff, a daughter of Dr. and — 

Mrs. George W. Neff, of Masontown, ‘Pa. She and one daughter, 
hite) Hubbard, survive him. dg To tind’) oft ot 
Mr. White was elected an Associate Member of the American Society of 


Civil Engineers on April 3, 1907, and a on March h 3, 1911. atl 


» 


WINTER LINCOLN WILSON, M. Am. Soc. €. E. T 


"aj W inter Lincoln Wilson was born in Cecil County, Maryland, on December 


: th 1866, the son of John Emory and Hannah Dutton (Broomall) Wilson. 


* His early education was _ obtained the ‘Elkton, and — 


” 
which he was graduated it in 1888 with the of ‘Civil 


bs 1 Memoir prepared by a Committee of the Lehigh Valley Section, consisting of S. A. 


and M. O. Fuller, Members, Am. Soe. C. 
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MEMOIR OF W 


ous preliminary surveying and projects then being carried on le 
ss that Company. In 1891, he was engaged as a Topographer (Corps No. 3) by % 
Intercontinental Railws ay Company, making surv eys through Ecuador and 
Peru, in South America, in entire charge of the topography. Returning in 
1892 to Ww ashington, D. C., he completed the e mapping from Quito, Ecuador, 
to Lake Ti iticaca, Peru. Later, he took charge of completing maps and ~~ 7 
files of the Intercontinental Railway surveys from Ecuador, to 


His in surveying work impressed Mr. Wilson with the 


ni 


oa read and studied law, aml in 1894, was admitted to ‘the bar in his yee : 
Until 1896, his work as Assistant to Construction on various 
projects of the Pennsylvania Railroad on gave him opportunities to 
enrich his experience in railroad work. 
rom 1896" to 1898 he shad charge of mapping from the notes of thirteen 
emala-Mexico 
se edne ‘Mr. WwW ilson v was appointed Instructor i in Civil Engineering at at Lehigh Uni- x 


a included a study of the virtual profile of the Lehigh Valley Railroad 


from Jersey City, N. J., to Mauch Chunk, Pa. a In 1901, he accepted the 
4 headship of the of Civil Engineering at Tulane 


aa New Orleans, La., which he held until 1904 when he returned to Lehigh Uni- 
ve} Professor of Civil Engineering. ‘Upon the retirement of 
the late Mansfield Merriman, M. Am. Soc. C. E., ‘in 1906, Professor Wilson 
. was appointed Acting Head of the Department, and, in 1907, was appointed, fi 
~. to the Chair of the J. T. Stuart Professorship of Railroad Engineering, which 
de g position he held until he was obliged to retire on account of ill health in 1935. — 
ae ‘He was then | made Professor Emeritus of Railroad Engineering. He was the 
io author « of the book entitled “Elements of Railroad Track and Construction,” 
Professor Wilson was was active in | practical engagements of ‘civil engineerin, 
well as civic government. He served member of the old Boroug 


time. He ona a special committee to ‘study the water 
a _ and was instrumental in increasing and improving the source of supply and 
a the installation of an improved distribution works, the greater part of which 
‘ still a valuable and efficient part of the water supply system for the city. 
4 He took part in the campaign, and was connected with some of the preliminary 
rad _ work, which eventually resulted in the building of the city’s “ Hill-to-Hill  & 
Bridge. He was active in the work of the reconstruction of the Broad Street 
Bridge and the widening of its approaches. aid, 4 
Professor Wilson served on various Faculty. committees and was repeated 
ormulating ar and supporting © policies tending toward the improvement of 
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“sociation for many “years, , and also as its s Secretary, h he did improve 
and protect the physical and athletic training of the ‘students. BP 
He was Superintendent of Construction of the Alumni Memorial Building 
aaa on the | campus" to serve the various Administration units of the Uni-— 


poe Professor Wilson was ic identified with numerous organizations and clubs, 


namely : Lehigh U niversity y Alumni Association ; ; Univ. ersity Home Club; Beth- 
i _Tehem ¢ Club; Saucon Valley Country Club; Lehigh Country Club; and ‘tditiie 
others. was: a member of the American Society of Military Engineers; 
Society for the Promotion of Engineering Education; American Railway 
E ngineering Association; and a Registered Civil Engineer and Survaee. de Tis 
He became a member of the Masonic F raternity prior to coming to "Beth- SS 
- dehem, and was affiliated with the Bethlehem Lodge No. 283, F. and A. M., | 
a being a Past Master; Zinzendorf Chapter No . 216, R A M., , being a High re 
Priest; Bethlehem Council No. 36, R, S. M.; Lehigh Consistory, A. 8.8. R; 
and a Charter Member of Bethlehem Forest No. 61, Tall Cedars of Lebanon. 
es He was a member of the staff engaged in the vocational training of en- 
+ listed men at Camp Coppee during the World War. — He also volunteered on 
the Committee of Advisers to registrants ‘for service and Was a 
member of the Bethlehem Home Guards. 
Professor Wilson was twice married. ‘His first: wife was Mary Mahala 
; - ‘Turner, of Baltimore, Md., who died i in 1928. They | had two sons who survive * 
him: Maris W right W ilson, and Captain Alvin Turner WwW ilson, U. Ss. Army. 
His second wife, Mrs. Ann Fenner Anderson, preceded him to the grave in 
Professor W had a and vigorous mind which made him effectiv: 


and ha had a warm friendship for students and colleagues. i a He was a patriot in 

le unselfish loy: alty to his country, a _ doer of good deeds, and a timely help to 

the practical success of many a fellow alumnus. 
a _ Professor Wilson was elected a Member of the American Society of Civil — 


"Engineers on May 1, 1901. 1 


Woodle, Jr., r. ., was born on March 17, 1878, Pa., 
the son of the Rev. Allan Sheldon Woodle, rector of St. Luke’s Episcopal “a 
at Altoona, and Abby Cary (Tisdale) Woodle. His early education 

was received in St. Paul’s School, Concord, N. H., from which he was gradu- hi 
bf in 1895. He attended Trinity College in Hartford, Conn., from which, — 
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JOS PH HENDERSON WORCES 


in 1899, was with the degree of of Arts. le the : spring 
and summer of 1898, he worked as Chainman for the Pennsylvania pe  « 


Immediately upon his gr aduation from Mr. WwW oodle 
‘position with the Pennsylvania Railroad Company, and was engaged vat 
May, 1902, as a | Rodman, Leveler, and Transitman in the | Construction | De 


partment. was then transferred to the Maintenance-of-W ay 


and worked as Assistant Supervisor at Greensburg and Mifflin, Pa., for more 


re In May, 1903, he was employed by the Baltimore and Ohio Railroad Com- 
pany as Assistant Engineer of Maintenance and Way. He was transferred i 
after a year to Philadelphia, , as Assistant Division Engineer. In August, 
1905, he went to Wheeling, W. Vs a., where, until September, 1906, he served as 


During the next ten years Mr. Woodle was employed | Plant 


4 
Engineer and Engineer i in Charge of Construction for The Baldwin Locomo- 


tive Works, at Eddystone, Pa, where _ large construction \ was under way 


‘For ‘two years during the World War, Mr. W served as | a 
Plant for the Ammunition Corporation. He then returned to The 
Baldwin 


of pneumonia, ‘after a short illness, and is by his 
three children, Allan Sheldon, III, Abby Jane, and Mary Elizabeth, 
ae ‘He \ wrote a number of articles which were published | in various mag gazin 

on the subjects of reinforced concrete design and on steam-boiler clsinnal Bs 
Mr. W oodle will be all who him as a a man of f extra- 


‘ordinaril ‘ily g 


4 


ae ‘He was a member of the | Conerete Institute Club, and of the Psi Upsilon 


“4 


Woodle was elected an Associate Member the of 


Civ il Engineers on on July § 9, 1906, al and a Member on “Mareh 1 12, 1918. 
os 


— ‘JOSEPH HENDERSON WORCESTER, M. Am. Soc. Cc. 


19 Robert Toseph Henderson W orcester was born in Boston, Mass, on De- q 
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. beca ame me an engineer v Ww vithout the benefit of a technical education, through 
Ny ability to acquire and retain information and an ambition to improve 
ev very opportunity for learning. _ He was never satisfied to “ rest o his oars,” 
but was always wide awake and on the lookout for instruction. — He had - +4 Z 
benefit of a Correspondence School course in mapping and surveying, and 
was able to learn much by priv ate reading. His only schooling was in primary 
~ schools near Newark, N. J., ‘and in the United States School for Naval “Ap 
prentices, at Newport RE 
" lh At the : age of eighteen, “Mr. Worcester enlisted as a Priv ate in the United | 
‘States Army, and was s assigned to the 11th Cav alry, then being organized at 7 
- Fort Myer, Virginia. In 1902, ‘this unit was sent to the Philippine Islands, 
where he served for three years, as ‘Private, Corporal, and Sergeant. Upon 
his discharge, he returned to Newark and found work as a Foreman for the - 
.7, In January, 1905, he entered the employ of W estinghouse, Church, Kerr, 
and Company, with which he was associated for about eight years, in various i! 
res such as Rodman, Transitman, Foreman, Inspector, Party Chief, | , 


= Assistant Office Assistant, Computer, ete. The 


ian nvestigation required cross- sec tions th the river: -botto om and 


‘ “current and the extremely cold weather. - During this period, he also had some 
experience in concrete construction, as Foreman for Eastern Conerete 


Construction Company, and the Abe rthaw Company, 
in May, 1913, Mr. Worcester was engaged by the Town of Concord, Mass. oe 


a 


s Engineer and Superintendent of Roads and Bridge s, which position he — 


‘cal He was instrumental in organizing the “ ag Concord Minute Men,” and in 
August, he attended the Secon¢ ‘amp, a 


“of Engineers. W: ith the Bi7th (Rainbow) Division, he was in the St. Mihiel 7 
Salient, his work « consisting largely in the Prrfewrneryerratg of trenches, roads, and 
_ bridges. He was cited and received the Purple Cross for building a pontoon te : 
: bridge, in the night and without tools, in record time. After the Armistice — 
hey was with the Army of Occupation | on the Rhine until May, 1919, At his 
discharge he became a Captain i in the Officers Reserve Corps, but was obliged — 
resign as he was unable to attend the summer encampments. __ 
In May, 1920, Mr. Worcester joined the organization of Lockwood, alanis. 
‘Company, which he served as Resident ‘Engineer on various Projects: 
the country. Among these were: A cotton mill a nd steam power 
plant at Somersworth, N. H.; and a hydro-electric and cotton mill at New 
Braunfels, Tex. He was the W orks Manager on the construction of the oe 


Nome mill south of the Mason and Dixon Line, at Duncan, S. C., where a 
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at Camp Devens, Massachusetts, ds Drigade and Utilities Umicer, and 
_ was in charge of drainage, road construction, and buildings, until June, 1918, | . 
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MEMOIR OF DAVID LE ROY YARNELL 


= i oie Fine and a mill village were also built. In 1925, he had charge of 


_ the Charlotte, N.C., Office o of the Company, from which he he was: transferred to 

> = ohnson City, Tenn., to supervise the construction of the rayon plant of the = 
_ American Bemberg Corporation, and, later, at the same place, the plant of the 

the completion of these plants, Mr. Worcester entered the service 

of these Companies, as Plant Engineer, Consulting Engineer, and, finally, 
in 1930, as Personnel Director for the North American Rayon Corporation, 


which position he held until his death. 
ah _ Mr. Worcester was beloved and respected by all who knew him. | He wa i 


interested in all social and activ ities of the Boy 


his Church; a Past- of the Club; and a 
Director of the Chamber of Commerce of Elizabethton, "where he had 

-_ 2 residence. He was also a member of the Boston Society of Civil Engineers, 

. He was married , in 1909, to Sharlot Groshans, of East Liverpool, Ohio, %: 
Mr. W orcester was: elected a ‘Member of the American Society of Civil 


Engineers on January 19,1925, 


DAVID LeROY YARNELL, 


cake "David LeRoy Yarnell, the son of Ervin and Catherine (Countryman) 
. Yarnell, was born at Storm I Lake, Towa, on January 13, 1886, and died on 
March 9, 1937, of coronary occlusion, after the day at his office. 
_ He was educated in the public schools i in Iowa, was graduated from Iowa 
“State College, at Ames, Towa, in 1908 with the degree of Bachelor of Civil: 
= Engineering, and received the professional degree of Civ il Engineer from ? 
_ that College in 1916. In 1926, he was awarded the degree of Master of 
Science in Hydraulic Engineering by the State University of Towa, a at Iowa 
_ The early years of Mr. Yarnell’s professional life were spent in the field, 


“chiefly in connection with drainage engineering. In ‘April, 1 1909, te was ap- 
i@ ‘pointed Assistant Drainage Engineer in the United States Department of 
& _ Agriculture, and was engaged on preliminary investigations and designs of 

a drainage works in Nebraska, Kansas, Virginia, North Carolina, Oklahoma, 4 

7 and Arkansas, Advancing to the grade of Drainage Engineer in February, 

7 1911, he was placed in in charge of surveys § and designs of drainage systems, — 

aaa technical inv vestigations on run-off from drained land, and investigations of 

ground-water in tiled land. He was a memes of the Board of Engineers ap- 
_ pointed to prepare a plan for the Cypress Creek Drainage District, in Arkan-— i 


prepared by M. Ww oodward, L. A. Jones, and F. T. Mavis, Am. 


— _g 
: 
4 
q 
— 
a 

— 
— 
a y 
4 
— 
q 
— 
— 
¢ 
— 
— 
Pe 
— 
| 

— 
J 


be _ In 1916, Mr. Yarnell became Senior Drainage Engineer of the U. 8. De- 


iz. in research which was to bring him world- wide recognition for careful, | sys- . 


MEMOIR OF ) LEROY YARNELL 
and during this period and prepared plans fos eclama- 
tion work at Pond Creek, Ky. be tin wl 


partment of Agriculture, and it was then that he embarked upon his career 


During 1916 and 1917, at Arlington, Va., he condu ucted “systematic 
on the flow of water in drain-tile and vitrified pipe | in sizes from 4 in. to 12 in. Pv! 

jn diameter. The report of these studies? foreshadowed the pattern of many 
-_of his later reports, and it is one of his most widely known publications. | More 


than 800 distinct tests conducted with an attention to 
which characterized all 


U.S. Department of Agriculture and the State University of Iowa, and Mr. - 
Yarnell was placed in charge of these investigations at Iowa City. His first — 


In 1922, hydraulic were co- by: the 


major at the Laboratory was on flow of water through a 


"ployed | Senior and Graduate Engineering Students to assist him with the 


details of this investigation, and from that time until his death, his kindly A4 


influence and encouragement and his professional assistance and supervision 
Z were felt by virtually every student of hydraulic engineering at the University. — 
In 1929, he made tests by means of models to determine the benefits of _ 
cut-offs of the Des Moines River, at Ottumwa, Iowa. ‘This study 
was probably the first attempt in the United States to in advance 


1 f of actual field ¢ construction | the benefits t< to be derived from straightening ri rivers. > 21 


and the late Floyd A. M. Am. Soc. ©. E., of the State 
University o of Iowa, for a paper entitled “ The | Effect of Turbulence Upon the 


a) Other significant laboratory investigations conducted by Mr. Yarnell from hy @ 


to 1933 included the flow of water around bends i in pipes of rectangular a 
al circular cross- -section, n, the back-water caused by pile trestles and bridge 


The last of these studies was conducted on models and on full-scale highway — 


3 piers, and the hydraulics of flow over railway and highway embankments. gq 
and railway embankments tested in the river flume 1 under conditions simu- a 


Mr. ‘Yarnell was the author of a Bulletin on rainfall frequency- 


#“The Flow of Water in Drain D. L. Yarnell and Sherman M. W 
_-M, Am. Soc. C. E., Bulletin No. 854, U. S. Dept. of Agriculture, Govt. Printing Office | 
8“ Blow of Water Through Culverts,” by David L. Yarnell, Floyd A. Nagler, and 
hj _ Sherman M. Woodward, Members, Am. Soc. E., Bulletin: No. Univ. of Iowa Studies 


Transactions, Am. ‘Soe. Cc. E., ‘Vol. (1981), PP. 106-79 
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MEMOIR OF ARLE ES ROL 


rain- gages in n the United States from. ‘ite earliest to the 
end of 1933. He showed exceptional patience in his analysis of this stagger- ‘ hi 
ing tangle of statistical data, and | presented t the material in such form that — 


i now widely used. abiw-b mid ind aside | 


- More than twenty-five papers and Bulletins are directly credited to Mr. 
‘arnell’s authorship. Countless: others bear acknowledgments to hi him for his 
_ kindly interest and assistance. To his co-workers and to young men . entering q 
upon the study of engineering he | gave most generously of his wealth of — 
_ knowledge and professional experience. His ‘support of the Iowa Hydraulics — & 


_ Laboratory during its early years. was a large factor in its rapid development, 


and his use of graduate | students as assistants was extremely beneficial to 


scores of yo young men in enabling them to continue their studies es while gaining 7% 


A sensitive man, courteous, mild- mannered, and “Dave” Y arnell 
was genuinely loved by those who came to know him well, and he was held in| 
high esteem by all those who made his acquaintance. He exemplified the 


gentleman whom Julius Hare visioned nearly a century ago when he wrote: E 4 
seal gentleman should be gentle in everything, at least i in everything 
4 that depends on himself—carriage, temper, constructions, aims, desires. He 
ought therefore to be mild, calm, quiet, even, temperate—not hasty in judg- 
ment, not exorbitant in ambition, not overbearing, not proud, mas rapacious, é. 


nor oppressive; for these things are contrary to gentleness.” a 


‘the American Geophysical U lows Engineering Social 
the Club of Iowa City; the Triangle Club: of the of 


"Scientific Society) and and . He 
_ was a Mason and a member of the Congregational Church, we 


_ On August | 24, 1914, Mr. Yarnell was married to Alice Lee Roche, of Wash . i 
ington, D. C. He i is survived by his widow, two sisters, ‘Mrs. W. P. Bair and : 
Mrs. Henry Weber; and two brothers, Admiral Harry E. Yarnell, U. S. Navy, 


Mr Yarnell: was elected a Junior of the American Society o of Civil En- 


ganine on April 5 , 1910; an Associate Member on Oc tober 1, 1912; and a - 
Member on were 21, 1920. to wolt o 


 CHARLI ES ROL LIN ALLEN, ‘Assoc. N Soe. 
Charles Rollin Allen was born on November 9, 1872, in W vi, 


the son of C. Rollin and Evelina (Bigelow) Allen. Te attended the local 


Rainfall Intensity-Frequency Data,” by David L. Yarnell, U. S. Dept. of Agricul- 
ture, Miscellaneous Publication No, 204 
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{EMOIR OF RUSSELL AVERILL ANDERSON 


schools and also Goddard Seminary, in Barre, Vt. His. engineering training 
was acquired at Tufts College, in Medford, Mass., , from rasan he was gradu- ae 
ated in 1899, with the degree of Civil Engineer. — vette sal 
After his: graduation Mr. Allen was first employed a as Engineer for the — 
q ‘Metropolitan Sewer District, of Boston, Mass., and then returned to Barre 
as City Engineer. — In this position he superv ised the installation of ~ ee 
4 granite block pavement on Main Street, which is still in use. In 1907 he = 
a position with the Highway of the State of New York 


He did a ‘great deal of work in n the Court. of Claims of the 


first at Nitro, Ww. Va a., then the shipyard at Island, Z 


ult He was married on October 29, 1904, to Mabel S. Calef, who survives him, — 

together with three sons, , Stanley C., C. Rollin, Richard 
daughter, Lucy E. Allen, «viedo 
Mr. Allen was elected an Associate Member of vf the American Society 


leg Diep | May 31, ; 
ib 


1896, the son of Burdis aa Ella (Butters) He first 
attended school at Wilmington, N. C., but later his parents moved to Michi ae 
t gan where his mother’s family was prominent in the lumbering aries of 
Me Anderson’s parents settled in 1 Sault Ste. ‘Marie, Mich. , and there he 


when he 


= 
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a 
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q — 
ies. own office as Consulting Engineer on highway work, ii 
nt, § Asa Consulting Engineer for the contractors, he was connected with high- ie af ‘a PS 
way work from Vermont to Buffalo, N. Y., and from Canada to Pennsylvania. 
tie ae This work included many of the noted highways in New York State among oe 
which were Storm Kine Whiteface  Crow’s Nest. 4 and. most recentiv. the 
— 
in — 
in 
— 
ing 
He 
dg- 
We patience and good humor, dealing with Contractors and representatives the 
and 
local 
Memoir prepared James H. Cissel, G. Donald Kennedy, Members, Am. Soc. 
Peederics C, Taylor, M, Am. foe. C. — 


entered Evanston, Ti. "After years of aca- 
meet _ demic study, he left the University to join the United States Army Air Corps 
= which he attained the Tank of Lieutenant. 
pe When the close of the World War ended his military service, he began his "ites 

ee, technical education in the Engineering College of the University of Michigan, 
at Ann Arbor, Mich. © _ During the entire period ¢ of his studies at Michigan, his 
-class-r -room training was strengthened and | given practical point by part-time 

_ employment in the offices of W. C. Hoad and Arthur J. _ Decker, Members, | 

Am, Soc. C. , Consulting Engineers, i in Ann Arbor. 
In 1920, an opportunity, both | to gain engineering experience in a wider 
ra field and to earn money needed for the completion of his engineering course, - 
resulted in in an interruption of his college work. *F or nearly two years, Mr. 2 
Anderson 1 was employed ¢ on n appraisal work, first Henry Earle Biase, Am. 


Returning to the of Michigan in the upring of 1992, Mr. Ander- 
son was graduated with honors in (Civil | Engineering with the Class of that 


Re. ‘year, thus closing a scholastic career in which “he was rated very highly by 


ao i his teachers, and showed a capacity for getting things done and for doing the oe 


college years, his work for Hoad ‘and Decker hed 


variety of problems both in the office and in the field. The firm’s business ef 
was largely concerned with sewerage and water | systems and other municipal | Ae 
work, and it was to this field that Mr. . Anderson | when he resumed 
WAG 
1922, October, 1923, he engaged | in preliminary stud 


of field data pertinent to comprehensive sewerage and drainage plans for that ee 9 
From February to September, 1924, os eels made field surveys and 

- office studies, and prepared a report on the disposal of industrial wastes from 

automobile plants at Flint, Mich. His work for the next year was con- 
f- cerned principally with sewerage and sewage disposal problems for Oakland 
County, Michigan, and the City of Adrian, Mich 7 
aie, Mr. Anderson left the consulting engineering field in | October, 1925, and 
ate. became associated with the R. D. Baker Construction Company, of Royal — “3 
; es <a Oak, Mich. His first w work with 1 this Company was in connection with esti- — 
aes. mating, for bidding purposes, the cost of the Royal Oak Drain, an Oakland © 
aa ot County project for the construction of a sewer approximately six miles long — 
and. ranging in diameter from 15 ft at the outlet to 6 ft at the upper end. 
The contract msi this | project, which was let at a later date, was awarded the 


for approximately $1 000 000. During 


‘Philippine Islands. in an appraisal of the properties of the Manila Light and 

— 
— 
an es by him for the cities of Muskegon, Royal Oak, Trenton, and Owosso, in Michi- ee : 
gan. He planned extensive water-works improvements for several other cities 
aa ee in Michigan. From October, 1923, until February, 1924, he managed his 
| 
| & 


VERILL ANDERSON 
- 


_ From the time of his employment by the Baker Company to the middle _ 


1983, Mr. Anderson, as Vice- President and ‘Secretary, was: active in the 
ee of the Company and in the } prosecution of several other large 
’ prem in Michigan, namely, the construction of 1.5 hablo of sea wall slag 


miles of steel main 1 ranging in size from 72 in. to 30 in. in diameter 
~ Royal Oak, Detroit, and Monroe; a complete water main system for the ¥ 
, Views: of Inkster, comprising 60 miles of mains; numerous projects and ex- 
; tensions on the Flint sewer system ; ‘and many other construction projects of. 
‘i similar nature, including a 16-ft storm iaitsalbinaetateenl of of both tunnel and 
j —open-cut construction in Dallas, Tex, 
4 In 1933, Mr. Anderson went with the Michigan State Highway ning 
_ment as Resident Engineer on the project for widening Woodward Avenue, in a 
Detroit. Soon after the completion of this important c construction he joined — 
| the Administrative Staff of the Department as Director of its Finance Divi- 
sion. In that Position Mr. Anderson assumed and admirably discharged the 
seupensibilities connected with the financial, contractual, and procurement 
operations of the Department in a period not ‘only y of great ‘construction ac- > 
_ tivity, but of extreme fiscal uncertainty and confusion. During the 


years that he filled this ‘position, the practice of the Department, in relation 


re- -organized under his direction. 


_ So effectively did Mr. Anderson perform the duties of this position that he 
was counted among the most able administrators in the public service of the — hae 
State, and, at the time of his death, was being considered for posts of still 
higher responsibility and trust. The following resolution adopted 


‘rently by both Chambers of the State Legislature of Michigan reflects the — 


q 

“ Whereas, Russell A. Anderson, finance of the State 
died suddenly May 31 in the prime of his life; 


_ “ Whereas, He was an able leader in the engineering profession who had a 
given distinguished service the Department a and to the 


z _ of humor, a pleasing personality and rugged integrity that always revealed — 


& thse Whereas, His untimely death has been a tremendous shock to his col- 
5 ledgues and his many friends who will never forget his beautiful character; — 
ht ‘Resolved by the House of Representatives (The Senate concurring), — 
That the members of the oe legislature express their profound sorrow a 
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MEMOIR OF Ww ORTHINGTON ATW: ATER 
7 nical accuracy, the insistent energy, and rans integrity of principle and pr 
ae = tice which the profession demands. In his personal relations, the sam e keen fa 
intelligence and inherent loyalty which brought promise and fulfillment to ie 
career as an Engineer, made him a friend whose genial companionship and 
‘genuine qualities were valued and are remembered by all who knew him om ] 
Mr. was a Charter Member of the Engineering Society of 


“Michigan Good Roads Ti addition, he the 


the Michigan Bureau for Highway Education. 
He was married to Marian Van Valen, of Parma, Mich. in 192 a, w 
was still a student at the University of Michigan. Mrs. . 
Mr. Anderson was elected a Junior of the American ‘Society of Civil Engi- © 


on November 26, 1923, and an Associ is ate Member o on June 7 7, 1926. Jang 


 ALBE RT WORTHINGTON ATWATER R, Assoc. M. Am. Soc. C. E.! 


ae 
Albert Worthington, Atwater, the oldest son of John A. and nd Clara (Worth- 
ington) Atwater, was born i in Brooklyn, N. Y., on December 23, 1885. He on. 
He received his in the Public Schools of. 
field, Mass. Entering the School of Mechanical Engineering of Purdue 
3 vices <i at Lafayette, Ind., in 1902, he earned the degree | of Bachelor of Sci- | 


in 1906. Subsequently (1909), he was awarded | the 


career, } Mr. identified with 
equipment and, although he became active in 
ny and varied fields of engineering, he never Jost - interest in ‘this type of 
work, As a a Designing Engineer and, later, as. ‘Sales Engineer, he kept in 
touch with this important ‘branch of engineer 
> iS began his professional work with the firm of Wellman-Seaver-Morgan — 
Company, of Cleveland, Ohio, as Apprentice Draftsman, s shortly after” 
= graduation from High School. _ This firm was one of the leaders in the de- 
velopment of mechanical seuigtntins for handling heavy freight, particularly 
in the rapid loading a and unloading of Lake e carriers. Mr. Atwater was ‘con- 


nau 


nected with this Company for eight vears,—during college vacations and 
- for four years after his graduation. His work was principally in connec- 


-1Memoir prepared by a Committee of the Tennessee Valley Section, consisting of Ned 
on Sayford, M. Am. Soc. C, E., and J. G. Allen —_ F Cc. Wardwell, Assoc. Members, Am. 
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MEMOIR OF ALBERT WORTHINGTON ATWATER 


m with the design ore-unloading ‘equipment coal-loading equipment 
for boats engaged in Great Lakes transportation. He shad much to do with 
details of the development of the Hulett movable car dumper. fr 


_ In 1910, he resigned to accept an appointment as a teacher of Mechanical — 
x Drawing in East Tec hnical High School, at Cleveland. He remained in this ty 
Mr. Atwater became: Chief Draftsman for the Cleveland Iluminating 
>. ompany in 1912, and, later, was promoted to the position of Construction En- ae iz 
-gineer in charge of all plant construction and maintenance. As such, he was 2 
‘in complete charge of the design, purchase of equipment, and construction of a 
all steam projects of this including plants of a generating 


a ame interested in the 
Prime Mover ers Ocenia of the National Rlestite Light Association and for 
ee years took an active part in its work. During the time that he was —_ 
ow ith t the Illuminating Company, Mr. Atwater had much to do with the evalua- 
tion of physical property in connection with the Company’s ; celebrated rate 
_ For a short time between 1919 and 1921, Mr. Atwater was: employed by 
Arthur G. McKee and Company on 1 blast-furnace design, but in March, 1921, 
he again entered the service of the Cleveland Board of Education, this time as — 


Electrical Engineer. The City of Cleveland was undergoing a very rapid ex- Ne 


pansion in its school-building program. During a period of two years, he 
supervised the design and construction of the electrical installation | on a y 
In 1928, Mr. connected with ‘the E. Engineer- 


of the first temperature, “Pressure Later, 
he was in charge of the erection of the 40 000-kw steam plant of the 
Nashville Railway and Light Company (later, the Tennessee Electric Power 
Company), : at Hales Bar, near Chattanooga, Tenn. In 1925, this plant was 
referred to as one of the three outs tanding steam plants of the United States. = 
_ Upon the completion of the Hales Bar Steam Plant, Mr. Atwater became — 
partne rin the contracting firm of Martin and Ww arlick k Company. This 
firm contrac ‘ted for built many schools, factories, motion picture » theaters, 
; ae garages, in Chattanooga and other cities of Tennessee. At this time he 
a member of the Associated General Contractors of and was 


‘President of the Chattanooga Chapter of the Association, and a Director of 


[ad In 19 927, Mr. Atwater” became Mechanical Engineer on the ‘design of | 
a -Steam- power projects for Stone and Webster — Engineering | Corporation, of 
to. Chattanooga iu 1928, he re-entered contracting work “wad 


me nt m: He in an pre isory capacity to Street 
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and 


- Upon the advent of the Tennesee Valley Authority (TVA), in Tennessee, ive: 
‘ho Atwater entered the employ of the Authority as an Examining Engineer 4 al 
the Personnel Division, where he interviewed and was instrumental in 

ing a large anne of the construction personnel for Norris Dam. nam 


a ‘tion Plant Division of the TVA, assisting in the design | of construction plants z 
for Chickamauga, Hiwassee, and Guntersville Dams. = 
a With the start of construction of the Chickamauga Project, Mr. Atwater "ie + 
“4 was transferred to that project a as Assistant and after ward became Associate 
7 Mechanical Engineer. He was later promoted to the position of Progress En- — 
gineer, which he held at the time of his death, roll 
= In addition to a keen interest in his profession, Mr. Atwater found time to 
x devote much study to history, particularly to the military history of his coun- 
_ try. He was an authority on the he subject of military operations in the Civil 
War and, frequently, was called upon to describe the battle formations in ‘the E 
ia district around Chattanooga, where several decisive battles were fought. His t. rd 
ae. extensive collection of maps and books on the subject is is of considerable inter- _ 
est to » historians. — At the time of his death, he was preparing a series of talks 
on Civil War movements to be given to the Army Officers studying the tactics 
and strategy of actions around Chattanooga. avis 
as Mr. Atwater was a ‘man of quiet | manner, extremely modes 2 
and of His made him en extremely interesting 
whom he was -mar- 
ried at Cleveland, in 1906; by one son, Grove Worthington Atwater. 
_ He was a member of the T Theta Xi Fraternity, a member of the Chattanooga Pe 


Engineers Club, and v was a licensed Professional Engineer in the State of 


Bi. Mr. Atwater was elected an Associate Member of the American Society of e 


_k Joseph Dunton Brown, the oldest son of John Dunton and Josephine - 
(Marshall) Brown, was born in Chelsea, -Mass., on March 5, 1884. His 
“ancestors were of the earlier settlers of New England. His father, born in 
Wiscasset, Me., was left an orphan at ‘the : age of ten years, his parents being : 
dost at sea while making a voyage to ‘Australia — in the Emily Dunton. In 


Boston, Mass., John Dunton Brown met Josephine Marshall, and was 
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19381 
married 1 to her in January, 1881. to Chelsea 
stated, Joseph Dunton Brown was born. 
Mr. Brown’s early life was spent in Chelsea and Everett, whee 
attended Grammar and High School. At the age of nineteen ‘he 
a position with the John Hancock Insurance Company. While with this — 
henry he attended night classes at Lowell Institute, Lowell, Mass., , where 2. 
he | studied Civil Engineering. — ‘Upon completing his course at the Lowell 
a Institute he accepted a ewe as Engineer with The Connecticut Com- 
pany, New Haven, Conn., Charles — Harte, M. Am. Soe. 6. 
From 1913 to 1918, Mr. was Engineer with ‘the Connecticut ig 
Highway Department. In 1918, he: went to Stevenson, Conn., with 
J. A. Pp. -Crisfield Company, v working directly under Mr. Crisfield_ on the 
oo of the Stevenson Dam for The Connecticut Light and Power 
Company. On the | completion of this project, he went wi with the Lockwood 
a Greene Company, of Boston, but » was as with this Company. only for a short 
time, when he was recalled by The Connecticut Light and Power Company 
and made Real Estate Engineer. Under his superintendence most of the ame 
Company’ s transmission lines were laid out and rights of way surveyed, and bas 
purchased. He had a great deal to do with the successful completion of 


The Rocky River Development which includes the formation of Lake Candle — 


He was a great lover of his. father’s native Stato—Maine—his greatest 


pleasure being to fish her streams with congenial a pleasure 
4 he was able to ‘enjoy | several times each - year. a 
could spend his old age in Maine and, at ‘the time of his death, he was 
negotiating the purchase of an estate on the Maine Coast. 
Brown was a member of the Board of Fire the 
_ Board of Water Commissioners of the Town of Southington, Conn., and a 
‘ _ member of the Congregational Church, in New Milford, Conn. He was a mem- 
a ber of the Connecticut Society of Civil Engineers. His Masonic affiliations — 
¢ included membership in the Blue Lodge, in Rockville, Conn., Knight Tem- 
plars, in Danbury, Conn., and the Mystic Shrine, in Bridgeport, Conn. 
1912, was to Gertrude E. Martin, of Rockville, Conn. 
From this union there are. three children, Donald Marshall, Marjorie Janet, a ; 
and Dorothy Gertrude, who, with ‘Brown, survive him . Donald is a 
gr graduate o of the University of Maine; Marjorie, an undergraduate at “a 
for Women, in New London; and Dorothy, a ‘High 
School student, thus” bearing out Mr. Brown’s determination to give = 
children an start in life than he had. ATG, 


i He loved his home in Marion, Conn., yo" spent much of his spare time — 
beautifying its surroundings, his hobby being forestry and wood- 


was friendly and affable and took pleasure in doing favors for his 
Tt is difficult t to a man of ‘Mr. Brown’ 8 character and 


Mr. Brown was elected an Member of we American 
Civil Engineers on January 14, 1929. 
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From March, 1916, until his" death, ‘Mr. Conrad was engaged i in exten 


Were, 

MEMOIR ¢ OF VERNE LOUIS CONR 


Soc. C. 


e 
of Conrad and Elizabeth (Rinker) ‘Contras His parents moved 

to Uhrichsv ille, Ohio, when he was four years of age, ee here he grew up 

and attended school. It was in t the local High School that he became ac 
quainted with his future wife. ‘He attended Ohio State University, at 


Columbus, Ohio, from whith he was graduated in 1902 with the degree of 


Immediately after leavi ing college, Mr. Conrad ac cepted a position with 

the Engineering Corps of the Pennsylvania Railroad Company, on the Logans- ¥:. 

port Division, w here he was employed i in the Maintenance- of-Way Office (June ee 
to October, 1902). _ He was then placed i in cha arge | of double- track construction 3 
from Logansport, Ind, to Chicago, Til. (October, 1902, to November, 1908) i 


to August, 1904). August, 1904, to Febru ary, 1905, he. was on 
design of bridges and grade separation, on the Logansport Division; ‘and 


Mr. Conrad was Superintendent for Butler Brothers Hoff Company, on 


the Detroit River Tunnel from October, 1907, ‘to March, 1908, and Division 
: _— Engineer for the Detroit River Tunnel Company, in charge of the Subeaqueous 


_ At that time, Mr. Conrad moved to Texas, locating near Donna, where he 


was engaged as Engineer on Surveys and Design for the Hidalgo County 


Drainage District for about: one year. . He then became Engineer for the 
Union Irrigation District, at ‘Raymondville, Tex., and was engaged on 
_ gation work at San Saba, Tex., until November, 1913, when he moved to 
Cameron County, locating 1 in Brownsville, Tex. ‘His first mi ajor engagement 


in Brownsville was the resury ey of 1 the County boundaries ¢ and topographical 


features, and the preparation of an Official Map of Came ‘ron County, still 


(1938) in current use. This work ‘Tequired nearly three years. 


private engineering practice in Cameron and _ neighboring counties, with 
Ay offices i in Brownsville. He served as ‘Special Highway E ngineer for Cameron oe 
County July, 1919, to January, 1920, and was: for a large 
- number of irrigation districts in Cameron County, among which were the | 
Ta Feria Trrigation District and Cameron County Water Districts 8, 
11, 16, and ie He made surv eys for the relocation of the Point Isabel Rail- 
and right-of-way surveys for the Brownsville District. He ig 
4 prepared by W. O. Washington, M. Am. Soe. C, E. & 
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caf, 


locality to the time of his death. rings, 


had charge of numerous other surveys, and developments in his 


hog Mr. Conrad took an active interest in civie affairs. His keen sense of 
humor and genial personality made him a friend of ‘ail, “He wes a hard 
worker, but was always willing to help others. 
_ At Uhrichsville, on October 6, 1904, he was married to Mary Ellen Parry, 
“and theirs was a happy family throughout the years. _ Surviving him are his: 
Sees his mother, Mrs. Elizabeth Conrad; a son, Ve erne Louis Conrad, Ir; 
and a daughter, Sarita (Mrs. F. C. Whitmer). saw aM 
Me. Conrad was elected an Associate Member | of the he American § Society of re 


Civil Engineers on December 6, 1920. aie 


ROSS E HAMILTON, A 


oe early education in the. country schools of the County, taking his High School | 
work 1 at Coschocton High — from which he v was graduated i in rie une, 1899. 


3 was born in Coshocton County, “Ohio, on September 1, 1879. He received his 


Columbus, Obio, from which he was ‘graduated in 1908 ‘with the 
Me Hamilton’s engi site ering experience began in May, 1903, as Transit- 
man with the Pennsylvania Railway Company. He continued in railroad 
work until 1908, being employed, successively, by the New York Central and — 
g Hudson ‘River Railway Company on grade reduction work; as Assistant City 
a Engineer with the City of Urbana, Il; as Instrumentman by the New Y ork — vas 
a Central and Southwestern Railroad Companies; as Assistant Engineer, De : 
partment of Maintenance and Way, Baltimore and Ohio Railway Company; 
x as Instrumentman on location and construction, Tidewater Railroad Com- — 
_ pany; and as Engineer in charge of masonry structures on line reconstruction — 
work, by the Southern Railway Company, at Lynchburg, Va T 
Cie In February, 1908, Mr. Hamilton returned to Coshocton and entered the 
ee practice of his profession. He supervised the field work on a 6- mile q 
dam, acted as City Engineer, and d designed and supervised the construction 
: of the disposal plant, water- works, and storm-sewer system for West Lafayette, — ‘a 
a In September, 1909, he took office as County Engineer of Coshocton 
County, serving two terms of two years seach. He then served two years as 
7 Division Engineer in the Department of Public Works, in charge of the — 
. oo. and Erie Canal, and one year as Assistant Division Engineer in the — 
— of Highways, at New Philadelphia, Ohio. He w was then re-elected _ 
as County Engineer of Coshocton scr and served two terms. He resigned — 
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oF» oF FOSTER 


this office in 1920 to a with the State Highway 
a Resident Engineer of Coshocton County. He continued as Resident En- 
_gineer | until 1934 when he resigned to re-enter private practice, being employed — 
ge! the City of Coshocton as Supervising Engineer in charge of the new a 
water-works construction. He served a period with the Muskingum Con- 
gervancy District, at New Philadelphia, and returned home in 1936, resuming 
pr ivate work. He had several municipal projects unde under when he became 
Mr. Hamilton was interested and active in civic its problems, 
took an active part in its confidence of the ‘community 


in his ability and integrity was expressed in his election as County Engineer 


i: He was a member of the Masonic Fraternity, a Kiwanian, and an actiesi 


member of Presbyterian Church, serving frequently in various official 
He stood high in his profession. and had the res respect of his professiouil 
associates and of all those who knew him. There was something about his ‘a 
4 “appearance and conversation that gave the impression which was 
his outstanding z characteristic. 1 He was fair and “ square ” in all his dealings — ¥ 
. and the profession has lost a man who followed in his work and every-day life, 


his 1 many years of service to the community of Coshocton County, Mr. 
BP srrertove left numerous monuments to his memory. He is sometimes 


spoken of as the “father ” ” of the Coshocton County System of 1 Highways 
~ because through his efforts there a are m many ‘miles of highly improved roads. 

_ which will be a reminder of his service for many years to come. — i ae 

In his private life he was splendid family man, a good companion, kindly, 
sincere, and honorable. He made and kept friends because of his genuine ~ 

worth and stability, his lack and his unconquerable His 


many friends the surviving of family. will miss him ‘sorely. 
- He was married at Coshocton, on June 16, 1909, to Adeline Merrill and 
i his home li: life he ‘was very fortunate and supremely. happy. His widow and 
4 one son, Thomas, survive him. For them it may y be said, “ Love hath a tie 
which Time nor Death can sever.” 


Hamilton wes elected an Ascociate of the American “Society 


FOSTER WARREN HARVEY, Assoc. Am. Soe. C. 


j 


a nelesiascaetl by Ray Adams, Assoc. M. Am. Soc. C. E. 
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q Foster Warre 
q ‘was educated in the public schools of Sioux Falls, S. Dak., and 


“attended the University of South Dakota, at Vermilion, from which he Ww 

@ graduated as an Honor Student, with the ‘degree of Bachelor of Science i 

Givil Engineering, in the Class of 1923. bat 
_ -_[Immediately after his graduation, Mr. ‘Harvey | accepted employment w 


Illinois: State Division of “Highways. approximately 


+ service of Carr and McFadden, Consulting pobre ‘of woe: Beach, Fla., 


Chief of Party on -subdivi isions and Designer of 


; neers, of Kansas City, Mo. _ His duties with this firm consisted of design of ag - 
and preparation of design drawings for fixed and movable bridges, 


7 the most notable of which was the railroad truss of the Mississippi - River 


dee In March, 1928, he was employed by the Bureau of Bric ‘Bridges, Missouri 

State Highway Commission, : as a Designer, and remained in FN position — 
; his death. Mr. Harvey’s period of employment with this Bureau coincided — 
with the largest program of highway bridge construction in the history o 
the State. ‘He v was engaged almost entirely in responsible charge of pre- 

liminary investigations, design, , and the supervision of the preparation of 

design plans for bridges of major proportions, across navigable str streams. 
most notable of these is the highway bridge across the Missouri River on > 
 -U. 8. Route 40 TR, at Weldon Springs, Mo. This is a 32-ft roadway bridge 

of 2 614 ft over-all length. The river spans are two 2-span continuous trusses i 
with a a ‘span of 513 ft, center to » center of p piers. This bridge wa 


ge was dedicated 


. Mr Harvey was a member of the Protestant Episcopal Church, and oa 


rE 
“member of the Vestry of Grace Episcopal Church, i in Jefferson City, Mo. He 
was active in lay affairs of his Chureh. _ In Masonic circles, he was a member __ 


of the Blue Lodge in Jefferson City. 1 He , was a member of the Independent — 


Mr Harvey served in the Army, in a training camp, during the latter pert 7 


of 1918. Upon graduating from: the U niversity y of South Dakota, he was — a 


He was later promoted to the grade of First Lieutenant, and, in August, 


1933, to that of Captain, Infantry Reserve. He received a Certificate of er 
Capacity for the grade of “Major, Reserve, in May, 1937, and 


» 

5 appointed a Second Lieutenant in the Officers Reserve Corps, U.S. . Army. 


after 1938. He was a member of the Reserve Officers” Association 
a _ He was stricken with meningitis on Jur une 6, 1937, and succumbed ¢ to this 
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n Jefferson n City, and he was ied with military 


with pr wen he had his home for the 1 past years, 
phe all his work, Mr. _ Harvey was outstanding for his thoroughness and e: 
‘ingenuity. . He was singularly vigorous in his attack of f difficult problems, 
and completed his. solution with the same degree. of energy that he displayed : 
at the beginning. He often expressed his belief that the excellence of a ; 
bridge design depended largely upon the ingenuity and thoroughness exer- 
cised in the design of details. He was ; considered | the leading authority in _ 
the Missouri Highway Department on the design of steel bridges. He was e 
pe patient with those his professional associates whose | -experie nce 
- not equal his, and always proved himself willing to be « of assistance to them. _ = 
His associates feel that his death a that was just beginning 
Harvey was elected an “Member of the Ameri ican Society of 


Clarence | Scott How ell, the son of W illiam Roe Howell and Fanny 
Howell, was born in New York, N. is: on August 11, 1875. He was in 
direct descent from Edward Howell, founder of Southampton, N. and 
Captain Nathaniel Roe of the Continental His father was a noted 
artist and photographer, receiving among other awards the American Insti- oa 
- tute Medal for the best full-length pastel in 1873, and the Great Medal of 
Merit from the Vienna Exposition in the | same year. od? ie 
As a boy, influenced by his father’s vocation, Clarence Scott Howell ta 
showed proficiency in photography ‘studied art in New York C ity 
1 ‘Brooklyn schools. T hese » studies were interrupted by the death of the father, — 
= the boy had to seek remunerative employment. He was appointed a page 
in the United States House of Representatives during: President Cleveland’s 
Second Administration. Washington, D. C., Mr. Howell continued his 
studies at Columbian College, the Corcoran Art and the Art Stude: 
- In 1895, he amlieal an appointment as Photographer in the Washington, 
D.C, Navy Yard, and, in 1596, he was transferred to the Engineering Depart-— 
at ‘the Norfolk (Va.) Navy Yard, where he remained. until he 
eae as Assistant Engineer, in 1906. It was at this time that he rere 


to make en; engineering g and architecture his life work. 


1 Memoir prepared ‘by ‘Herbert W. Ferris, Assoc. M. Am. 8 
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MEMOIR OF CLARENCE SCOTT HOWELL 1937 


From 1908 to 1916, in private ‘offices in 
ington and New York City, as a member of the firm of Howell and Howell, | 


_ Engineers ‘and Architects, and as the Chief Engineer of the Giant Suuiets 
Pile Company, Mr. Howell specialized in the design of heavy foundations, ww - 
the more notable being: The substructure for the all- “concrete ocean pier, — 
at Long Beach, ; the foundation and superstructure for the rein- 

forced concrete bridge and approaches across Reynolds Channel, also at — 
Beach; and the foundation for an elastic arch bridge 
 eming Popolon | Creek and Valley, New Yor k. At the ‘request. of Major J. bs. 

a M. Carson, U. S. Army, he was consulted on the design of the foundations ‘ ; 

he the West Academy Building of the United States Military | Academy, — 

During this sented Mr. Howell mabe a study of concrete piles, ¢ 
and of pile-driving methods and apparatus. These studies resulted in his 

- designing the “Giant Concrete Pile”, a reinforced concrete pile driven from 
the point. This method of pile-driving was patented by Mr. Howell in = 
* United States Patent Office (Patents No. 1,352, 128 » September 7, 1920, and 
No. 1,366,460, January 25, 1921). These piles” were used in the founda- 
tions of the following buildings: Power House, Manhattan State Hospital i 

on Ward's ‘Island, New York, 1916; United States Court House, Custom 

House and Appraisers Stores, at Wilmington, N. , 1916; and Factory 

No. 4, Mutual Chemical Company of America, at Baltimore, Md. noone 4 
AZ In 1916 tl the Giant Concrete Pile Company became affiliated with the F 

q North- Eastern ‘Construction Company of New York City. Mr. Howell 

became associated with the latter Company : as Designing and Field Engineer 

4 antil the re- organization of the Giant Concrete Pile Company in May, 1920. ; 

He became ~ Vice-President and Chief Engineer in this new Company and 
> also Te-e -established himself in private practice in ew York City, until 1930. 

In addition to his achievements in heavy foundation | work, Mr. Howell 
designed and supervised construction of many types of structures, 
reinforced concrete garages and office build- 


ings, piers, sea- -walls, and p private residences. 
In 1930, he again became associated with me ‘North-Eastern Construction 
Company, in New York City, as Designing and Field Engineer, which posi- 
tion he held at the time of his death. ald 

— On May 9, 1918, Mr. Howell was commissioned Captain, Engineers, — 
United States Army. 7 He commanded Came’ B, 551st Engineer Service 
Battalion, at Camp A. A. Humphreys, Virginia. His orders for duty over- 


seas were cancelled at the time of the Armistice and he was honorably | ~ 
from the Army, on January 10, 1919. of Many” 


FS In 1907, Mr. Howell as Superintendent tor the Kaymon oncrete F1 a a 
% Company, built the foundations for the Contagious Disease Hospital and a 
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engineering magazines, photography, painting, and collecting rare tropi- ‘3 
7 plants. Mrs. Howell has presented bis plant collection to the New York os 


MES MOIR OF JACOB DUNCAN JAQUES 
"Botanical it is exhibited as 
ous among his contributions to engineering are the 
_ Engineering News: “Straight or Tapered Piles”, February 25, 1912; an 
in Engineering News-Record: “A New Concrete Pile”, March 2, 1916; “Valid t 
ity of Pile Formula”, April 27, 1916; and “Bottom Driven Concrete Piles . 
on Government Job”, December 28, 1916. An article entitled “Concrete 
Pile Standards” was published in Concrete, in July, 1917. _ _ green DT 
_ At the time of his death Mr. Howell was engaged in writing the memoirs ‘aly 
of his days as a page in the House of Representatives, es, and a novel, the locale of 
which was the Great Smokies of Tennessee. These works he left unfinished. 
‘Taking an active part in civic and community affairs, he gave foes 
sof his time and engineering knowledge toward the betterment of his com- 
ie He was held in high esteem by his fellow townsmen for he was a 
man of sterling character and quiet habits, and his judgment was solicited on | 
On January 1 1896, at Washington n, D . C., he was married to ‘Nannie 
G. Cook, daughter of General W. veteran of the Civil and 
Indian Wars. He is survived by Mrs. Howell, two daughters, Mrs. Frederick wet 
my Hawley and Mrs. Richard Carroll; three grandchildren, Nancy Carroll, oo 
Richard Carroll, Jr., and Virginia Hawley; and a brother, Frank Seott er f ~e 
He was licensed as a a Professional Engineer of the State of New York | ; 
Mr. Howell was elected an Associate ‘Member of the J Society 
Jacob we’ born in W , on November 15, | 
1878, the son of Edwin Thomas and Charlotte Louise (Duncan) Jaques. 
From his parents he received an heritage of family tradition ‘reaching back to - 
“ll early | Colonial times. nes. His first formal instruction was obtained in two schools ; 
bl rich in historic associations, the Friends Select School and the William Penn © 4 
_ Charter School, in ‘Philadelphia, Pa. To. attend these schools he journeyed 
~ back ‘and forth daily : from Joodbury over the trains and ferries then in use, Amend 
not foreseeing that he would have a part in providing the faster transporta- e 
tion of the present. _ At the age of 19 he entered the Univer sity of Pennsyl- 


— 


vania to study Civ vil and was graduated in 1901 the 


Memoir prepared by a Committee of the Philadeiphie Section, of 
_ Myers and Cuaries H. Stevens, Members, Am. Soc. E., and Charles A. Howland, Assoc. 
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Immediately after his graduation, Mr. Jaques secured a a position as Transit- 
7 ‘tin on the construction of a sewerage system for Woodbury, and, in Sep- 
tember, 1901, was given charge of the work. He left W Voodbury in January, 
4902, to work as Transitman for Ford, Bacon, and Davis, on the construction — 


of a street railway between Ardmore and Llanerch, Pa., but returned, in i 


March, to Woodbury and resumed charge of the sewerage work as Resident — : 
- Engineer. Leaving Woodbury in October, 1902, he was employed for six and 
_ one- -half years by the Philadelphia Rapid Transit Company on the construc- 
~ tion of th the Market Street Subway and Elevated Raiiway. i. First, as Transit- 
_ man in charge of a corps on general field work, he made the : surveys, including _ 
through levels and base-line measurement for the West Market Street Ele- 


vated Line. a He was then placed in charge of the location and construction — - 


of foundations in the more than three miles of this work a and, in ‘December, } a 
‘7 1905, he was promoted to the position of Assistant Engineer and given charge 
oof the construction of about a mile of the East Market pein spose from a 
Eighth Street to the Delaware River. ui a) 
After the completion of the rapid transit work in March, 1909, Mr. Jaques 
was engaged by the United States Government as Inspector in 1 charge of 
building the superstructure of the Cross Ledge Light Station, in Delaware — 
_ Bay. In March, 1910, he assumed the duties of General Superintendent in 7 i 
_ charge of construction for ' Hungerford and Terry, a Philadelphia firm n special- a 


= in water- rfiltration construction. came, however, to 


‘Refining and, in 1911 and 1912, he was upon this. work 
in Braddock and Ridgway, Pa. Returning i in 1913 to Eastern Pennsylvania, a 
he entered upon four years of important work for the New Jersey Zinc Com- 
‘pany at the Palmerton, Pa., plant. As ‘Assistant Chief of Construction, 
was in charge of the Company’s forces varying from 100 to 500 men, on plant | = 
improvements and additions costing $4 000 000. - The principal structures Ba a 
i} erected included an oxide trestle, 1200 ft long, « of steel superstructure on — 
concrete piers; a lithopone plant comprising frame and steel buildings on 
concrete foundations ; $1 000 000 addition, 900 ft long, to the existing 
plant; and an acid plant also costing $1000 000. This latter was a complete 
unit for the manufacture of fuming sulfuric acid and included buildings of 
frame, brick, and steel, ov verhead piping, machinery installation, sewers, water 
mains, and railroad trackage. One of the most difficult undertakings we 
the reconstruction of a blast furnace which necessitated foundation recon- 


struction of the furnace while in fire, rapid demolition of the old 


and erection of the mew. 

the United States entered the W orld War, Mr. Jaques enlisted 

Civil Engineer Corps. ‘of the Naval Reserve Force, was commissioned 


Lieutenant (Senior Grade), and served at the Boston (Mass.) Navy Yard as 


ant to. the Public Works Officer. Placed in charge 
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‘& supervision the Naval Radio School on Cambridge Common ; the Naval Train- S - 
1 Ing School, on Bumkin Island, in Boston Harbor; additions to the Chelsea 


Naval Hospital, at Chelsea, Mass. additions to the Naval Air Station, 


Chatham, Mass. ; and a coal- handling plant i in South Boston. When, in 
he received his discharge from the Federal Service, yom to Phile- — 


= Colo. This work, costing $1 000 000, included, in addition re the oxide | 
_ furnace building, a aan house, brick k ore kilns, cooperage and f and fan buildings, 


and 


rap 


0 ss in 1921 to Eastern Pennsylvania, Mr. Jaques was employed as 
Engineer by M. and Farrell, Contractors, on the construction of 5000 
of the reinforced concrete Lincoln Highway y through Downingtown. Upon 
_ the completion of this work, he entered private practice in the contracting 
field and in the years 1922-1924, contracted | for and Suilt sewage disposal 
‘plants at West Collingswood, and W oodlynne, N. J.; a sea wall 


National Park, Nw; and a main pipe tunnel of concrete for the Camden Ss 


of face brick most suitable for the terminal buildings, cost of 
wells, payment for installation of new gas mains, study to recommend a plan 
for subway construction, and an analysis of con- 
ag In 1930, he ena: a leave of absence from the Philadelphia Department 
of City Transit to enter the employ of the Shell F: stern Petroleum Products, $3 : 
Incorporated, upon the construction of bulk terminals. As District Engineer 


for the Company he had charge of building the te terminal at 37th and Reed 


i 4 
Streets, Philadelphia, and one in Trenton, N J. The former construction 


involved | hydrographic surveys” followed by dredging i in 1 the Schuylkill River, 
erection of timber bulkhead, “grading of plant area, and the installation. of ee | 
storage tanks with piping, pumps, and fire-walls. At 
covered principally the installation of tanks with th their auxiliary 

bi In October, 1930, Mr. Jaques returned to the position of Assistant Con- 


‘placed in immediate charge of subway and underground ¢ concourse pa, 
tion beneath and east of the City Hall. Because ‘of the tremendous ‘loads a 
. to be supported under the continually occupied City Hall and the poor quality Ry 
of the ‘existing building foundations, the work presented great study and 
It was “necessary to ‘0 proceed with the utmost care, and constant study a 


7 

bin, 4 
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_ was assigned to studies of the foundations of existing buildings to determine = a 
the underpinning which would be required for the proposed South Broad 
a ‘ . a 
Street Subway. In 1920, however, he left the’ City service to take charge of 

— 

— 
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a 
artment of City Transit, in Philadelphia, as Assista nstruction 
Department of City T Philadelphia, as Assistant Construction 
Engineer and was engaged for four years principally upon special investiga- 
—_ tions and reports for the ief Engineer. These reports covered a varie 

tions and ts for the Chief Th orts covered 
of subjects, including paint best suited for concrete surfaces in subway sta 
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constructing 7 200 ft of two-tra 

Snyder Avenue. TI 


MEMOIR JACOB B DUNCAN JAQUES 41 
subway trench proper, three stations: and their 
buildings, - relocation and restoration of underground structures, and paving 


aa 
e sidewalks and street surface. As the subwey structure was | situated in 


house Construction difficulties were w the large quantities 
of water encountered along the entire line and by stretches of bad ee 


which required excavation below plan sub-grade ‘and. the e use of steel sheet-— 


“under a $1 000 000 ‘contract for a two-track subway ‘to connect the 
existing subway in North Eighth Street, Philadelphia, with the west end of 

the bridge line. Later, he was to the Design Division where he __ 
a engaged upon special problems in _ connection with the relocation of -_ 


sioners er Fairmount Park, 1 upon the toteention of historic Franklin Square. = 
.* To undertake the last work upon which he was to be engaged, he returned _ 
to the scene of an earlier activity. For the New Jersey Zine Company, he 
took charge of engineering and working forces on the rapid construction of - 
7 * large plant addition at Palmerton, Pa. The underpinning of foundations — 
carrying heavy dead and live loads was an important part of an operation : 
Ee included building foundations, erection of steel, and the installation » 
4 _ of mills, conveyors, and other equipment. The work was carried on day and 7 - 
night in order to meet time requirements for completion. Palmerton 
7 he returned t to his home in Philadelphia and was with his family when 
q stricken by the attack of — appendicitis which, in ina few days, caused 
ie engineers are ited to achieve as largely as Mr. Jaques in their — 
: chosen field and, at the same time, , to make a and keep » the friendship | of so 
many with whom they come in “contact through the years. He was: highly 
“regarded for his ability | in the field of engineering, particularly i in construc- 
oa tion, and, to this, the works which his energy and resourcefulness. brought to - 
successful completion, testify. More than this, however, his genial per- 
Ss enduring fr friendliness, , and keen interest endeared him to many. His 
BS circle of friends was : broadened by. a fondness which he had from early boyhood. 
for trap- shooting. He grew to be an outstanding expert in the sport, and 


a. this av avocation brought him | into: organizations of kindred spirits where he did 
Much todevelop the art, 


Fg He was s- interested in activities for the benefit of the profession and > 
othe rs ns >urpos hers who: 
* with other e engineers in organizations for this - purpose 2 but, like others whose 
_ work takes them frequently to new locations, he could not always retain these 
_ memberships. — He was a a Registered Professional Engineer in Pennsylvania ~ 


- for many years, a member of the Sons of the American niumtetd and also 
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8, 1921, he married, in Pa., to Grace Vernon 
Hunter who, with his. daughter, Louise, survives him. 
Jaques was elected an Member of the J of 


WILLIAM EDW ARD JOHNSON, Am. Soe. 


‘William. award was ‘at Glastonbury, Conn., on March 10, 


* 


1867, the son of M. and Johnson. His edueation was 


_ Shortly after leaving college (1890), Mr. Johnson entered the employ of ca 
the Board of Water Commissioners of t City of ‘Hartford, as As- 


in charge of the Reservoir Division. This position he held until May 18, 


ides 
1936, to illness, he was ‘retired on pension. During his. long period 
“of ‘Service, he saw ‘the growth of the ‘Hartford Water ‘Supply System ( under 


in n 1918, and the 25 miles from Hartford, 1 now (1938) 


completion 
Johnson was in active charge of construction and surveys for addi-— 
tional water supply in the progressive improvement of the West Hartford | 
Reservoir System. He | gave to his work a ‘sincere and absorbing interest 
which p produced’ that quality of supervision and ‘reliability essential: ‘to the 
proper administration of public ‘Service, , and like many another, ba value of ’ 
4 his services was not fully realized until after his 
«In 1892, Mr. Johnson was married to Florence May Alford. — He is sur- 
-vived by three sons, Hubert Edward Johnson, Alfred William and 
Giles Meigs Johnson, and one daughter, F. Ruth Johnson. 
A He was a member of Wyllys Lodge (Masons), WwW ashington Commandery, 
Knights Templar, Jeremiah Wadsworth Chapter, Sons of the Amerionn Revo- 
— lution, Connecticut Society of Civil | Engineers, the Connecticut Historical — 
Society, and "during the World War he served in ‘the Connecticut Home 
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Board oO ater Commissioners which, later, was succeeded by the Water 
Bureau of The Metropolitan District Commission of Hartford County), from 
ae a several small reservoirs in the immediate vicinity of Hartford, to the aan 4 
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Me. Johnson was elected an Associate Member of the American Society 


of Civil | Engineers on on April 3, 1901. AB 


CHARLES WILLIAM HENRY NESSLER, Assoc. M. Am. Soe. C. ED Lig 


December 18, 1890, the son of Charles H. and 


His formal education | ended 1 with the completion of Grammar School in 
View and near- by San Francisco. Although Mr. Nessler was de- 
ed the opportunity to gain a college education, he acquired a thorough — 
knowledge of engineering by practical in the field and 
= constant study at home. 


a Het began his ‘engineering | experience as a Rodman n and Recorder with a a 
j topographic. field party of the United States. Geological Survey during the 
summer of 1912 in the San Joaquin Valley of California. — The outdoor life 
F ‘so appealed to him a that he decided to make every effort to ‘continue ue with the 
‘organization. However, he early recognized | that without further ‘education 
i study his progress would be limited. Lack of fu funds prevented formal 4 
attendance at college, and an intensive course of home | study ‘seemed the only } 
b solution. Soon, thereafter, he enro!led with the International C orrespondence 
at Scranton, Pa., in a course of Surveying and | Mapping. 
During the next few 5 years Mr. Nessler continued with the U. S. Geological we 
‘fee in the capacity of Rodman and Recorder, working with various field | 
parties engaged in topographic mapping in the State « of | California. The 
b winter of 1916-1917 was spent with the Interstate Commerce Commission, as 
Chainman and Rodman in connection with railroad valuation work. — gant 


With the completion ‘of the course in Surveying and Mapping and the 
“experience _— over a period of four or five years, he was prepared to enter 


a Junior in U. Geological Survey, with | the exception 

of his World War service, he continued with this organization until his death. 

q 3 ‘His first assignment was to make a topographic survey of a part of the 
Santa Lucia Range on the coast of California. _ This was followed by geodetic 
and topographic surveys in various parts of the Pacific Coast States, including = 

Arizona and Idaho. His’ enthusiasm and energy, combined with a natural 
aptitude for delineating topographic features, were quickly recognized and 
as a result he was given some of the more difficult and important assignments. 

ie ‘His work with the U. S. Geological Survey was temporarily interrupted — 
+t the World War. He enlisted on March 11, 1918, and served as Private 

1 Memoir prepared Conrad A. Ecklund, M. Am. Soc. C. 
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MEMOIR OF CHARLES ‘WILLIAM HE RY NESSLER 
Class with Corapany A, 29th year of his enlistment 
was spent overseas in France and while there he contracted rheumatic fever 
which left his heart in a weakened condition. After the Armistice he accom- 
panied the Army Occupation into Germany, returning to the 
OnJd uly 18, 1919, Mr. Nessler his » discharge from n the 
_ Army and two days later was reinstated in the ‘U~. Ss. , Geological Survey as as an ; 
7 Assistant Topographic Engineer. On J uly 11, 1994, he was promoted to the = 
position of Associate Topographic Engineer, which title he he held a at the time 


that County, Mr. Nessler was one of the first engineers to be selected for this 


very important t work; he spent the next three years mapping 


part of the southern and more densely populated area. The original plan 


provided for for mapping only the south one-third of the » County. This: was 
; completed i in the fall of 1925. Mr. Nessler was then assigned to river surveys s 
: in the State of of Oregon, and for the next t two years he was 3s engaged in in making eh i 


river and dam-site : surveys in the States of Oregon and Arizona, ‘and in the 
office preparation of the data obtained in the field. In 1928, he had tape: i 


graphic mapping assignments on the Mt. J efferson Quadrangle, in Oregon, 
and the Turret Peak Quadrangle, in Arizona. : 
When work was resumed i in 1929 on the Los Angeles County Pro ; ; 
Nessler w again assigned to work, remaining until the topographic 


of Los Angeles County was completed ii in the ‘spring of _ Then 


Untiring in work, strong in character, keen in intellect, and 
a high sense of personal responsibility for publie s service, Mr. Nessler leaves oF 
his organization and friends greatly indebted to his activities. = = an 

ie He was married on September 19, 1920, , to Isabel Barcroft, of Madera, 


Calif., and i is survived by his widow, : a » daughter, Evelyn M., a son, Bases Ja 


a 
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a a need of further study and accordingly enrolled in special courses with “3 c 
Salle Extension University, of Chicago, Tll., and with the University of 
— 
— 
— 
— 
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ie 
A 
a 
ee >, The recurrence of the ailment contracted during the World War brought an [ 
q abrupt termination to his field career. Throughout his entire service he pos- - 
gessed not only marked topographic ability, but also those other qualities, both 
— _ physical and personal, that are so necessary to the successful planning and q 
— of field assignments under unusual and often hazardous conditions. 
Mr. Nessler was a member of American Society of Photogrammetry, and 
ee me a member of the Sacramento Section of the Society. He also took an active | | 
— 
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n Norling was in Séderhamm, on the Baltic Coast, in 1the 
7 northern part of Sweden, on March 21, 1894. A true Viking, he was de- 
 seended 0 n his father’s side from a line of sea captains and on that of his 
mother pot a family of artists, of whom his grandfather was a painter of 
note. He was one of a family of five children. 


i. He attended the public | schools and a private High Sel ng in ‘Séderhamn oe 


alle, an old “university town in Returning 
vu psala on a scholarship in the fall of 1918, Mr. Norling received his Master’ 3 
: Degree the following year, majoring in land reclamation engineering. Ih 
1919, he was a Teacher at Molkom High and Agricultural School, in ie 4 
‘Province of Virmland. In May, 1920, he accepted a position with the 
‘Swedish Royal Water Commission as a Civil Engineer it in Charge of of Topo- — et 
graphic Surveys connection with regulation works on on Lake Vianern and 
Mr. Norling was « one of ten successful applicants for as “many Swedish- 
American scholarships out of a total of 200 and sailed for the United States fe 
in the fall of 1920 for a year’s study at the University of Wisconsin, Madison, a 
Wis. Ww hile there, he "pursued special studies in hydraulic and drainage 
engineering and after the conclusion of his year’s work received an ap- 
pointment as Research Assistant at the University of Minnesota on investi-— 
g gations on the behavior | of ground- water. In the fall of | 1923, having finished 
curriculum required by the of Wisconsin, he received the 
a degree of Doctor of Philosophy from that institution. ] His bsp dealt with 


the | effects of ‘the ele vation of the ground- 


72 kinds of crops, a field of research in which ree we ‘wun had been dene 
the United States prior to that time. 
iG In 1924, Mr. Norling established a consulting office in Minneapolis, Minn., 
7 and until the time of his death had acted in a consulting capacity in many 
parts of the United States. He was one of the Engineering Consultants — - 
on the Great Lakes Water Level Case, in which | a number of the Lake States Pe = 
‘were involved. ‘He was also a member of the Minneapolis W ater Supply — 4q 
appointed in 1932 to study ways and means of improving the 
water pressure in the southern part of the city” removing objectionable 


Pees 1934 to the time of his death, Mr. Norling served, successively, as 
Consulting Hydraulic Engineer for the Civil WwW orks State 
_ Emergency Relief Administration, and | Works Progress Administration on | 

zi & number of water conservation projects undertaken by the St State of Min- 

nesota in co- -operation with these agencies. 


?Memoir prepared by a Committee of the Northwestern a consisting of E. v 
Willard and Adolph F. Meyer, Members, Am. Soe. Cc. E. 


= 
= — 
‘= 
all 
— 
= 
— 
4 
— 
4 
— 
— 

j 

— 
vr. 
| 


MEMOIR oF BEALE MELANCTHON 'SCHMUCK CKER 


‘a While engineering was his chosen field of work, he engaged extensiv ely in a : 


¥ farming. . The possibilities | of peat lands to ) produce intensively of vegetables 
and truck-farm products appealed to him, with the result that he always — 
interested himeelf i in peat- ‘land farming. x. At the time of his 8 death, he was: a 


of the of Oslo, at Oslo, whom he had 
J coming to the United States. Besides Mrs. Norling, he is survived in this 
by two daughters, ‘Karin and Celia, and son, Gunnar. 
be He was a Registered Professional Engineer i in Minnesota, | a Scottish Rite — 
and a member of “ Svenska Sallskapet,” a club made up 


Mr Norling was elected an » of Society 


is BEALE MELANCTHON SCHMUCKER, Assoc. M. Am. Soc. C. rE 


Beale Melancthon whose career closely paralleled the devel- 


of automotive highway transportation in the United States, on- 
tributed greatly to that development in Southern New Jersey. 18, dn 
Melancthon Schmucker was born on 22, 1888, the son 
of Dr. and Mrs. ‘Samuel ‘Schmucker. father is. a beloved Professor 
Emeritus at State ‘Teachers’ College, West Chester, a well known 


— on scientific subjects, and an author of note. His ‘mother is 


accordance with the best engineering | w was a of the 
- University of Pennsylvania, at Philadelphia, Pa., in the Class of 1911, with | 
a degree of Bachelor of Science in Civil | Engineering. 
- For several years Mr. Schmucker was County Engineer for t the County of _ 
: Camden, in New Jersey. He came to Camden County, in 1912, after one i “ 
a year in the employ of the City Engineer of Ocean City, N.J.. ‘In 1915, he e 
became the Assistant County Engineer and - in 1929, the County Engineer. _ a i 
- During the twenty-six years of his service to Camden County, automobile — 
registration in the United States increased from 900000 to 24 000 000, or 3 
"more than twenty-six times. New Jer ersey had more than its proportionate 
share of this growth. Situated | between ‘Philadelphia and Atlantic City, 
¥ Camden County early received its quota of very heavy traffic. To solve this — 


problem the then County Engineer, the late John J. Albertson, M. Am. Soc. if 
E., and his Assistant, Mr. early a durable and safe 
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few. their new and re- constructed highways. Of 
they constructed the Camden County Section of the famed White 
Horse Pike, and, later, Mr. Schmucker, as County Engineer, built the Camden a 
_ County Section of the Black Horse Pike. These highways are known poy i 
out the Fast and at the time of their co construction embodied the most ad 
-— ie Schmucker was one of the pioneers in the adoption of the hah idea 
ia highway design. — On the ¢ Camden County Section of the Black Horse Pike, 
constructed in 1929, the lanes, in addition to being built into the highway — 
proper, was the such use of this 
method i 
County duties to serve with the 104th Engineers, 29th Division. He was — 
swiftly promoted : from Private to Captain, being commissioned First Lieu- 
tenant in command of his Company in August, 1917, and Captain in March, 
191 18, As Captain, he took part in both the Argonne and Meuse Offenses. _ ig 
, Besides serving Camden County and his country, ‘Mr. Schmucker served “4 


well his fellow engineers. Long an active member of the Society, he also ; 
took an interest. in the affairs of the Licensed Engineers’ Association. He 
served as President of the South Jersey Chapter and was serving as Presi- 


— of the parent body, the New J ersey Association of Professional Engi- 


neers and Surv eyors, at the t time of his death. of his engineering 


to this trust his long “Many at his wife, Jean Roser 

. Schmucker, drove him 80 or 100 miles to a meeting, and then put him to — 
bed in a hotel room for : a few hours, i in order that he might gain strength 


td He served as | President of the New Jersey Association of County Engi- 7 
on 3 e was a member of the Camden Club, the Camden 
Lodge of the Benevolent me Protective Order of Elks, and the Tavistock 


hobbies—hunting, golf—were connected with it. His per- 
was forcible and direct, , happily relieved by a jovial sense of humor. 
Mr. Schmucker w: was elected an Associate Member | of the American Society 
of Civil Engineers on October 9, 1917. He was an active member of the 
_ Philadelphia Sec Section, » serving on and as a Director from 


a William Lee Selmer was born in ‘Bietea, Mass., o on August 29, 1885, the b= 


son illiam and Hulda Selmer. His parents moved to 
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and its en- 


N. » ak during his early years and he lived in New Y ak; N. Ei 


‘ sual and at Cooper Union, from. ‘whieh he obtained the degree of Bachelor ; 
of Science in 1907, and that of Civil Engineer in 1911. OES 
Probably due to his father’s influence, early in life he 4 interested 

4 in topographical surveying g and other engineering work and began his career 

with a city surveyor on title menage: surveys before he was seventeen. ey 
wll While completing his education, Mr. Selmer earned his living and 
obtained experience in various engineering positions. After a competitive 
examination, he entered the service of New York City in 1903 as a Rodman 
_ with the Board of Rapid Transit Railroad Commissioners, in which position __ 
he was engaged in the construction of the city’s first subway. _ 


_ After a year and a half of this subway work, he spent two and one- -half 
years in the Topographical Bureau of the Borough of Richmond. He was 


— on the mapping of the city plan 


Commission was. created by New York State’s first Public Utility Regulation “ 


- Act, and its members assumed office on July 1, 1907. sy Mr. Selmer spent the 
- remainder of his life in the employ of the State of New York with this Cm 


~. Soon after taking office, the members of the Commission directed their i ‘ 
attention, under their regulatory powers over steam railroads, to conditions 
at highway-railroad grade crossings on the trunk railroads in New York 

: ‘City. Oe ith a view to separating their grades or improving protection 4 
the crossings, a staff was organized to make engineering analyses of the E 
various situations and problems at the 400 or more such ‘crossings in the 


a city and to report to the Commission, at first under the direction of Daniel — 
iL Turner, M. Am. Soc. C. E. From 1911 to the time of ire ae July 


track insure ‘safety in operation onl of 
During his time, grade crossings in New York City were reduced in number 

by more than one one-half. More than $35 ( 000 000 | was | expended, and an elimi- “ 
nation ‘program adopted ‘covering the 1 remaining crossings over which high 
ad speed railroad trains operate, which will bring the total cost to more than 


Selmer’s chief interests centered in his. family and in his en engineer- 
ing work—to them he was ever faithful, above all else. His predominating — 
_ characteristics—modesty and sincerity—were immediately 


Mr. Turner, in a letter of condolence to the Saale, said of him: a a 

4 Always he | could be depended upon. He had my confidence from the ‘as 


: 4 beginning. It was a great pleasure to have him as an associate. _ His record a 
; a with the Commission has been outstanding, and a fine example of a most 
praiseworthy and unselfish service. It will not be forgotten soon.” 
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¥ Although his engineering activities were concerned principally with grade-— 
_erossing elimination in New York City, they also covered regulatory work 
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Ep ini: “ Having been associated so long, directly and indirectly, with Mr. ees 
- I feel keenly his loss. A faithful public servant, I wish his work was better 
known to the public at large. We who knew how ably and conscientiously 
and how he gave his best to his duties, will miss him.” aid 


lea 
= his death the Transit Commission caused ‘to be spread upon its 
Minutes the following | resolution which admirably epitomizes man, his 


i Nich admirably epitomizes 


tion 
and the feelings. of those who knew him: an at 


ae is with painful. feelings that the Commission notes on its records — 


the death of William L. Selmer, which, on July 11, 1937, brought to an — 
untimely close his faithful and fruitful public service of thirty years, during ~ 
a _ which he fulfilled to the utmost every duty laid upon him, and they were 
many. As engineer in charge of grade crossing eliminations he brought to 
the varied and difficult problems involved in securing public safety an abil- 
professional skill, resourcefulness, tact, and unlimited devotion to 
- which left nothing to be desired. All over the great City of New York 
7 various structures of earth, steel and concrete stand today as enduring» 
monuments to his useful and efficient life. 
To his host of friends the poignancy of grief is sharpened by remem- be 
brance of those lovable human qualities which he possessed to an unusual 
degree and which made him in every sense a complete man liked and 
his surviving wife and family, the Commission extends its deepest 
sympathy in their great sorrow for the loss of a faithful and loving husband 
and father who leaves after him as a source of solemn pride the fruits of — 


a. On. April 28, 1914, he was married to Emily Tg eophine Whaley, who, with a 
two Olive and Jc oan, are left to mourn hi his passing. 


was also a member ‘of the 


PHILIP SCOTT TYRE, Assoc. M. Am. ‘Soe. C. E. aa te 


x "Philip ‘Tyre was in Wilmington, “Del, ad 1881. He 
the oldest of three children « of James and Elica (Bow) 
familie were early settlers in the State of Delaware. 
At the age of six, young Philip entered the Wilmington Public Schools, — 
Py in 1 1899, he was graduated with honors from the W ilmington High | ; 
School. During this time he helped meet the family budget by working 
Saturdays and selling newspapers on the streets of Wilmington. ‘During 


_ ‘High School days he took a special course in draftsmanship, and upon gradua- 


q _ tion he entered the employ of the Edge Moor Bridge Works, as a Draftsman. — 


* Memoir prepared by Reynold H. Greenberg, Esq., Philadelphia, Pa. 
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MEMom OF PHILIP SCOTT 

n 1900, Mr. Tyre associated himeelt with th York: Shipbuilding ] 
Jompany as an Ey Engineer. In 1903, in order t that he might study art, he 
ccepted a position with the Patterson Contracting ‘Company, of Denver, 
a olo., and attended night classes in the Denver School of Art. Mr. eee | 


ia 
In 1908, he became associated with George F. Pawling and Company, act- 
ing, successively, as Structural Draftsman, ( Chief Draftsman, and, later, as 
Chief Engineer of the Company. In this position he had ‘responsible charge 
of designing office, mill, mercantile, and factory buildings, as well as tank e 
In 1914, he left the Pawling ‘Company to enter pr private practice as aes 
Architect and Engineer, but when the United States entered the World War, © 
because of his" experience, ‘particularly in ‘marine engineering, Mr. Tyre was A. 
. called to the Emergency Fleet Corporation. In the spring of 1918, he was 
_ appointed Progress Engineer in charge of all Districts of the Corporation; 
and, late later, he became Assistant | Head of t the and Production De 
E partment, Division of Ship Construction. : In 1919, he was made Assistant to. 
the Vice-President, Mr. J. L. Ackerson, in enna charge of ship construc- 
tion. . During his engagement with the Emergency Fleet Corporation he 
- ganized, systematized, and invented ‘master - records of ship construction for. - 


entire Emergency Corporation. He inaugurated and planned ‘the 


. A 1918, ‘under which one hundred ships wer were launched in one e day, a feat x never 
1920, Mr. Tyre was honorably discharged from 5 


chapters, because » when, in F shone 8 1929, he lost the use wad his right a arm 
_ through paralysis, with an indomitable will seldom seen in any man, he re- 
“We fused to give up h his 8 activities | in engineering and architecture ; and, further, = 
he refused to give e up the hobby that he loved so  dearly—painting. He learned 
to use his left hand, and one of the greatest nacre ever — to any man 


- mobile buildings, and to- day, in n Philadelphia, there a are scores of such build- 
ings that remain as monuments to his originality and architectural genius. a 
7 Among the mar y structures he designed in Philadelphia were buildings for 
the Packard Motor Company, Cadillac Motor Company, Nash Motor Com- - 
-~pany, Hupmobile Company, Graham- Paige, and many others. Upon the com- - 


bear of the Nash Building, in Philadelphia, Mr. C. W. Nash, President of 


— 

— 
— 
a 
and Engineer. He maintained his offices in the Architects Building, in 
— Philadelphia, until his death, 
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MEMOIR 


he had never visited automobile sales service building that was 
quite as complete in detail as the Nash Philadelphia Building. _ Mr. Tyre was 
Honorary Member of the Philadelphia Automobile Trade Association, and 
Ma — the National Automobile Shows held in Philadelphia, were designed and 
ha As an Architect and Engineer, Philip Scott Tyre never followed, but ale is 
a ‘ae led. He was the first man in Philedslphia to construct a large building —_ 
utilizing concrete for all exterior fi facades, and he received nation-wide com- = 
 mendation for his handling of the Lasher Printing Company Building, in 
which the front facade was treated architecturally in poured concrete. _ ee 
In 1907, he was married to Mabel C. Marcy, of Philadelphia, who survives 
him, as do his three daughters—Jean_ ean Campbell (Mrs. Gerry Mason), who ) was 
‘the Assistant Dean of Skidmore College; Marjorie Cole (Mrs. Robert 
Ginnis), harpist with the Philadelphia Symphony Orchestra ; 
a teacher at the Episcopal Academy, in Philadelphia. 
> _ At his death Mr. Tyre was a member of the Philadelphia Section of the Rs es 
¥ Society ; a member of the American Institute of Architects, Philadelphia — 
Chapter; ; Associate Member of the American Society of Naval Architects 
* _ and Marine Engineers; Art Club of Philadelphia; a Fellow of the Pennsyl- 
 -yania , Academy of The Fine Arts; member of the Engineers C Club of Phila- — = 
 delphia; American Federation of Art; Pennsylvania Museum; and School 
of Industrial Art. He was also a member of the Union League and North * a 
Hills Country Club, in which was a a Director ar and Chairman of the 
recent years, Mr. Tyre enjoyed nothing more than to go to his counts 
-. ¢ home i in Erwinna, Bucks County, Pa., where he did most of his painting and =. 
reading. was particularly proud of his fine library of engineering and 
architectural editions. He was also a prolific worker in oil; and it was while 
sketching at Erwinna that he became ill. On August 25, 1937, the Philadel- 


papers, as well as the Associated Press, carrie the n news: of his 


Mr. Tyre was elected an of 

Civil | Engineers on July 9, 1912. 


HENRY ‘'RADCLYFFE sT. ARVANS WALTERS, As ssoc. M. 
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— prepared by Ww. Assoc. Am. Soe. c. 
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beautiful ite that, while not full when measured by years, was truly 4 
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= Henry Radclyffe St. Arvans Walters was born at ASHDY, Suffolk County, 
England, on October 24, 1875, the son of the Rev. Edmond Walters and Anne ae a 


x 


“the ‘to ‘the United States and located in ‘Califorsis. March, 1896, 
Walters entered the employ the Llewellyn Iron Works at Los ‘Angeles, 


1898, when he entered the shops of the ‘Santa Fé, "Prescott 
Phoenix Railway Company, at Prescott, , Ariz., remaining until “August, JA 
In the fall of 1899, Mr. WwW alters: came East and entered | Lehigh University, ae 

Bethlehem, Pa., from which he was graduated in 1903 with the degree of 


Civil Engineer. During years, he was employed in the summer 


3 


‘Steel at in 1901 he in the Easton, 
Serie of the Lehigh V alley Railroad Company ; and, in 1902, he was in 7 


— Company, of caiinnaes which 1 work included the erection o of a a 360- ft 
= single-track railroad span at Beavers Run, 
After his 3 graduation from college, Mr. Walters again became associated 
with the Guerber Engineering Company i in successive capacities of Chief 
Draftsman, Chief Engineer, and Superintendent of Manufacture. He re- 
a mained with this firm until 1908, when hie entered the employ of the Bethlehem — 
Company, as Superintendent of the Fabricating Shops, Saucon Division, 
ee the Bethlehem Plant. In this capacity, he served for about two years, and, 
in 1910, was placed in executive charge of the Fabrication Department as 


of Fabrication, which position he occupied until 
2. pea the succeeding years, covering the period of the World War, Mr. 
e Walters’ duties were of a very special and often of a very confidential nature. a 
He was given charge of construction, except plant construction, which imo 
_ eluded principally the development of housing projects, and was thus engaged Bs 
until 1922. At the time of the consolidation of the Cambria Steel Company ‘ rags 


and the Lackawanna Steel Company with the Bethlehem Steel Company, <7 


4 


- Walters was” assigned | the duty of co- -ordinating 1 the Operating Departments 

the three Companies, and, finally, 1 re-organizing the Fabricating ‘and Struc- 
tural Sales Departments into the Fabrication and Erection Department, of a 
which he became Manager, and in which capacity he continued until 1931. : 
On January 1, 1931, the McClintic-Marshall Company, of Pittsburgh, “ee 


consolidated with the Bethlehem Steel Company, and Mr. ‘Walters be- | 


"Assistant to the President of the McClintic- -Marshall Corporation, 
which position | he occupied until 1936, when this Corporation was ) dissolved. . 


a 
pecial connection with the ‘development: of sales 
Through his long association with the Bethlehem Steel Company and his 


connection with ‘its development, ‘Mr. Walters’ services of 


inestimable 5 value, and his advi ice and being sought 


195: education at King’s 
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and enlargement of the Company’s facilities. He en- 
Pes a wide circle of friends and acquaintances, and was recognized as a man e. 
fs sterling qualities, fair in all his dealings with his fellow men, an able 
executive, and a true friend to all his associates. 
= Mr. Walters is survived by his widow, Dorothy Griffin OW alters, four a 
_He was a member of Minsij Lodge No. 733 F. and A. M., and Ezra Chapter 7 
No. 201, Royal Arch Masons, Red Cross of Constantine, Mary Conclave No. 5. 
a He was also a member of Trinity Episcopal Church, of Bethlehem, ee. dl’ : 
a He was a pas past ‘member of the Board of Governors of the Bethlehem Chem eo" 
ber of Commerce, a member of the Bethlehem Club, 
Club, and Lehigh Valley Engineers’ Club, 
Mr. Walters was elected a Junior of the of Civil 
‘Beers: on +6, and Associate - 5, 1905. 


ik 


Warren Withee was born at Minneapolis, Minn., on April 4, 1893, the son — 
: of H. W. Withee and Harriett (Brewer) Withee. ‘After finishing his studies —e 
in the local grade schools, he attended the Taivanity of Minnesota from which 

he received the degree of Bachelor of Science i in Engineering i in 1915. baa 

Aftor graduation from the University, Mr. Withee took of 
~ Assistant Engineer with George A. Ralph, Consulting Engineer, of St. Paul, 

Minn, acting as Chief of Party and Office E Engineer on surveying and office 


= 


_ computations for drainage ditches, ete. He held this position from J une, 


- successively, as Private, Corporal, and Seegeent i: in the 29th and T4th | En- 
-gineers, in France. . His work consisted of locating « enemy artillery. by - sound 
4 ranging, surveying base lines, and locating positions, 
_ Upon his return to the United States in March, 1919, M r | W ithee became 
a Chief of Party for the City of St. Paul on measuring and cross- sectioning 
i streets for paving assessments. From October, 1919, to April, 1920, he acted a 
Chief of Party in preliminary surveys for drainage ditches for S. B. 
my Gardner, Consulting Engineer, of Benson, Minn. During 1920, he served for 
a time as Valuation Engineer for the Chicago, Burlington, and Quincy Rail-— 
18, 1920, until his death, Me Withee was Principal 
ze sistant to the District Engineer in the Water Resources Branch of the United = 
- States Geological Survey, at Chattanooga, Tenn., entering this service as As- __ 
sistant Engineer and progressing to the grade of Hydraulic Engineer. 


+Memoir prepared by C. E. McCashin, M. Am. Soc. c. 
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ee Mr. Withee assisted in all the water resources investigations in co-opera- 

tion with the U. S. _ Army Engineers, during the period when the Tennessee 

River survey was made and continued in this work with the advent of the 
? a ennessee Valley Authority in the construction of projects for the develop- _ 


; 


ment of the Tennessee Valley. He assisted also in compiling water fe 
data in the Cumberland Valley and in the Mississippi Valley, in Western — a 


For several years Mr. Withee w was a member of the 


On August 9, 1922, he was married 1 to Nelle Dorsey, of Chattanooga, who a 


had a charming personslity which made his friends legion. ‘He was 
able hydraulic eng engineer and an excellent executive. He gentioman, 
a friend, a soldier, and an untiring worker whose place both personally and | 
a fiicially will be difficult to fill. ‘His is genial disposition, his kindly a 
and loyalty to all his friends and associates will always be a cherished memory — 
Withee was: elected an Associate Member of American Society of 
es “WALTER WOL LFE, Assoc. M. Am. Soe. CE. 


——- Wolfe was born on December 4, 1887, at Genii 
J., the son of William James mes Wolfe, M.D., and Olara (McIlhaney) Wolfe. 
Dr. Wolfe was a distinguished man who, by choice, through the years had main- — 
“tained an unique Position as minister to the bodily ailments, | as well as the 
- spiritual and economic : problems, of his neighbors and friends in his section 
of New Jersey, without for his own gain. 


and the upbuilding of that of the 
_ George Wolfe, having served as Governor of Pennsylvania from 1829 to 1835. 
After preparation in local schools s, Walter W: rolfe was ‘matriculated on 
September 5, 1904, at the Virginia Military Institute, at Lexington, Va. rn 
_ During each year of his 4-yr course at the Institute, he stood among the first : 
ten in his class in scholarship. _ He was graduated on June 24, 1908, with the = 
_ degree of Bachelor of Science i in } Civil Engineering ranking third among the © 
After graduation, he entered the employ of the North-Eastern Construatiat j 
‘Company, of New York, N. Y., serving as Inspector of concrete pile founda- 


* Memoir ‘Prepared by Mason Garber, M. Am. Soe. C. E. 
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OF WALTER MC ILHANEY WOLFE 
tions for the seventeen Isolation Wards of the United States Immigrant ie 
tion, at Ellis Island, New York Harbor, and as Office Engineer in connection - 


the construction of ‘the: buildings proper. th 


Tame, of the Catskill later becoming Engineer for M. Bolton 
_ and Company on the Millwood Tunnel and Open Cut, and the Putman n Siphon = 8 
of the Catskill Aqueduct, of the water supply for New York City. Fein bacek 

es After a term as Assistant Engineer and Superintendent ,with the Litch- aaa 
field Construction Company on heavy construction work, in November, 1912, 
.* became associated with Frederick L. Cranford, Incorporated, ‘on the con- = 
struction of part of the Dual Subway Seton for the City of New York, in- 
‘cluding Church Street Subway, Vesey Street Tunnel, Beekman Street Tunnel, 
Park Place Station, and crossings under existing Broadway and Park Row sub- — 
ways. work i in collaboration with the late James C. Meem, Am. Soe. 
© E., of the Cranford Company, s served as a model for later ‘subway con- 


In 1914, Mr. Wolfe. was” granted the degree of Civil Engineer by y the 


| On May 8, 1917, he resigned from the Cranford C Company ar and | entered | 
service with the 15th Company (Engineers) at Plattsburgh Barracks, | > ae : 

7 on May 16 was commissioned Captain of Engineers, United States Re- a ‘ 
“serve. Assigned to 6th U. S. Engineers, Captain Wolfe was appointed Bat- 


_talion Adjutant at Camp Belvoir, Virginia, in July, 1917, and in September, 
ee was made Regimental Adjutant, later serving as Post Adjutant, at Wash- | a 
ington Barracks, Washington, D. C. . On December 4, 1917, he sailed — 
his regiment on board the U. S. S. George Washington. With the 6th Engi- — 
penne he participated in the Somme Defensive (5th Army, British Expedition- F = 


ary Force) ; ; in the defense of Amiens, with the Australian | Corps (4th “Army, : 


a 


in of the Champagne- Marne and the Aisne- Maria during July, 

He was returned the United States in September, 1918, with a cadre 
of the Third Division, A. E. F., to train a new Sapper Regiment. — ‘This ¢ same 


month he was } promoted to be Major of Engineers, U. S. Army, with renk 


After assignments with the Training z Section, Office of | Chief of Engineers, a 
in Washington, and as Assistant Professor of Military Science and Tactics ; 
(Engineers) at the Massachusetts Institute of Technology, in Cambridge, — 7 
Mass, he was | discharged, at his own request, at the Office of the Chief of 
Engineers, Washington, D. C., on August 4, 1919, 
In 1923, Major Wolfe was commissioned Lieutenant t Colonel, Engineers 
Reserve, and from 1931 to 1935, ‘served 1 as Colonel of the 376th Reserve Regi- a 
ment of Engineers. - From 1985, until his retirement in December, 1936, he 


served as s Commanding Officer of the 375th Reserve Regiment of Raginesi, 
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at the Proving Gr ounds and the Edgewood Arsenal, in 
‘Maryland. He was later put in complete charge of that Company’s opera- 
‘tions in Delaware, Maryland, and the District of Columbia, and maintained 
District in | Baltimore. In 1924, he was elected : a Vice- President of 


| a suddenly fro from a heart attack on May 11, 1937, at the University Club, 
Baltimore. He was buried in Arlington National Cemetery. 
his eighteen years of service as District Manager and 


were e the McComas Street Terminal ‘for: the Maryland Railroad; the 
_ Nurses Home for the Baltimore City Hospital ; the Guilford Pumping § Sta- i) 
tion for the Bureau of Water Supply, City of building group 
a for the Franciscan Novitiate, at Folly Quarter, Md.; the Federal Land Bank, bs ad 
at Baltimore; the Reptile for the National Zoological Park in Wash- 
ington, D. ; a filtration plant for Hagerstown, Md. ; and a great many 


and engineering } projects in that vicinity. 


lg 
Colonel Wolfe was at all times active in the affairs of his profession, serv- 7 
ing as as a Director of the Baltimore Building Congress: and Exchange, as 


well as Secretary of the Baltimore Builders’ Chapter of the Associated General = 


a a He maintained his active interest in his military connections, serving as 
_Vice- President of the Third Corps Area of the Society of the Third Division, e 


was a ‘Past ‘Commander of the Military Order | of For oreign | Wars, Maryland ye 
_ / Commanders, a member of the Military Order of the World War, the German 
- iL H. Emory Post of the American Legion, the Society of American Military . 


oo also held membership i in the University Club, of Baltimore; the Torch 
= Club; Scottish Rite, A. F. and A. M., and the Mystic Shrine; the Junior — 
Order of United 4 American Mechanics, of Madison, N. J.; the Rotary Club, of 7 


Baltimore; a ‘member of the Executive Committee, Viewlala Military Institute 


a a Association, and a Past-President of the Baltimore Chapter. “7 ee 
recognition accorded Colonel Wolfe’s efforts in his chosen vocation, — 
his military ‘service, and nd his civic indicate t! the measure of the 
In 1914, oe was asain to Mary Douglas MacNaughtan, daughter of the 
> Rev. ‘Dr. Jol ohn MacNaughtan, of Chatham, N.. J., and i is s survived by his widow, ‘ 


a . sister, Katharine M. Wolfe, and one brother, William C. Wolfe. si cipal x 
Colonel | Wolfe was elected an Associate Member of the American Society 
of Civil Engineers on November %, 1919. 


7 ae Qn his release from active service with the Army, he again became associa- es a 
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MEMOR OF EDWIN BRIGHTMAN 
Edwin son of Charles L. and Charlotte (Clark Al 
- son) Brightman, was born at at Holyoke, Mass., on October 23, 1911. His 
father was elected a member of the F aculty of ‘Syracuse University, 


k. Bo sen N. Y., in 1916, and the children received their early education in 


graduated that Div ision with the of. Bachelor of Science in 
Givi Engineering in June, 1933. He made an excellent scholastic record in 
his college course. . He was a member of Tau Beta Pi, Theta Tau, and Sigma ; 
- Phi Epsilon Fraternities, and was | active in other matters’ pertaining to stu- 
affairs. His friendship was enjoyed by his classmates and Faculty 
Although he | his college course during the industrial 
Mr. Brightman immediately found employment, and was engaged for about — 
: two years on part-time engineering projects, including geodetic surveying for Pa! 
the Civil Works Administration in up-State New York, a drainage survey 
for the Smith Canastota Company, at Canastota, N.Y, and design work for 


the Paper anc ond Pulp min agg of the New York State College of Forestry 


Lite ‘Insurance Company York, as Inspector me Appraiser, 

7 which position he was holding at the time of his death itt” 

ag Brightman was married to Carol Marion, of Stamford, Conn. OD. April 
4 7, 1937. He died on October 7, 198%, at his home in Brooklyn, N. Y., after 


a short illness due to typhoid fever. He is s survived by his widow, his parents, : 


“His untimely | death cut short a career of unusual promise, 


missed by. a host of friends who loved and admired him. 


_ Mr. Brightman was elected a —... American Society of Civil 


we 


rote, bab Diep 6, 1987 re 


- James Daniel Mickey was born in Lincoln, Nebr., a May 15, 1913, the son = 
f Clark Edwin and Irene (Eddy) ae - He received his education in the 
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2 Memoir prepared by Clark E. Mickey, M. Am. Soc. C. 


entered the College of Engineering of the 
ails trans which he received the degree of Bachelor of Science in Civil 


While attending High School, he became interested in preparing for cn 
_ engineering career. During» the vacation periods, he was employed by the 
Construction Company ot on highway construction and by the 

a During the period of his college education Mr. Mickey was employed pst 

time by his ‘father, Clark E. Mickey, M. Am. Soe. C. E., as Rodman, Drafts- 
= and Computer. During the summer of 1934 he was engaged in the 4 
Se Maintenance- -of-Way ‘Department of the Chicago, Burlington and Quincy 
Railroad Company, in Lincoln, as Rodman, Draftsman, and ‘Computer 


After his graduation from the University of Nebraska, Mr. “Mickey was 
employed from June to November, 1935, in the. Engineering Division of the 
Chicago, Burlington and Quincy Railroad Company as Rodman, Levelman, e ; 
and Computer, during the reconstruction of railway lines which had been 
a destroyed by a manler flood of the Republican River in Colorado and Nebraska. 
v - When this work was completed, he was engaged from November, 1935, to 
January, 1937, by the Central Nebraska Public Power and Irrigation Dis- — ic y 
triet, of Hastings, Nebr., as ; Levelman, Instrumentman, Detailer, Designer, 
and Assistant Office Engineer during the surveys, design, and preliminary 
construction of irrigation canals, structures, anda large earth dam. , During 


the: following month, he served as  Tostrumentonan and sd Chief with the: 


in the Engineering the ‘Phillips Petroleum Company, at 

Bartlesville, Okla. While engaged i in this work, he was stricken with a viru- a 

ab lent attack of poliomyelitis and passed away in the Menorah Hospital, in ei 

_ Kansas City, Mo. He was buried beside his twin sister, Justine R. Mickey, me 

in the family plot in Wyuka Cemetery, in Lincoln. 


Mr. Mickey’s s sudden and untimely death w was, a severe shock to his family, 
_ friends, , and associates. He is survived by his father and mother and two oA 
sisters, Janice E. ‘Mickey and Jeannette C. Mickey. 
While attending the Unive ersity of Nebraska, Mr. Mickey a of 
, ¥ the Freshman football squad, Reserve Officers Training Corps, Pershing Rifle fF 
_ Company (Military), Nebraska State National Guard, ‘Seabbard and Blade, "ak 

and the Student Chapter of the American Society | of Civil Engineers. He 
- maintained a high scholarship and was an earnest and excellent student. q 
‘Much 1 of his time and ability was devoted to his many friends, associates, and — 
 eollege activities. His manner straightforward, but he. kindly, 
Throughout his brief career as an Engineer, he was appreciated and re- 


gpected by his many ‘friends and engineering associates ‘and received many 
commendations from his and superiors. His character, 
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Mi demeanor, r, and actions won him the confidence and trust of those with whom 
he was associated. © He was a member of the Westminster Presby terian Church 
Re. Mr. Mickey was s elected a Junior of the American of Engi- 
neers on August 17, 1936. * 


| KING SNYDER, Jun. Am. 


He received his early education in the local schools and at Fayette High 


School, at Fayette, Mo. Later he attended Central College, at Fayette, and 
the Missouri School of Mines and Metallurgy, : at Rolla, Mo., from which he 
was graduated in 1929 with the degree of Bachelor of Science in Civil 
_ Mr. Snyder had worked as Rodman and as Concrete Paving Plant In- | 
spector, at Sikeston, Mo., for the Missouri State Highway Department dur- 
ing | summer ‘months previous to his graduation. Following graduation, he 
- began v work in his chosen profession a as Bridge Designer, having served in that _ 
capacity, successively, for the Cleveland, Cincinnati, Chicago, and St. Louis — 
Railway Company, at Cincinnati, Ohio, the Missouri State Highway Depart- 
ment, at Sikeston, and the St. Louis- Sen Railway Company, : at 
St. Louis, Mo., continuing in the latter position until 1931, when he engaged a 
in private engineering practice, making surveys and preparing ‘plans: and 
estimates for county highway bridges in Missouri. 
_ Mr. Snyder returned to the Missouri School of Mines and Metallurgy in bw 
September, 1931 , for graduate study in Structural Engineering. He 
pared his thesis on the use of “ Influence Lines in Calculation of Bridge | A 
Stresses,” and received the degree of Master of Science in Civil Engineering | 
in 1932. He was elected to membership in the Honor Society of Phi Kappa — 
Phi, ‘and the’ Engineering Society of Theta Tau. 
> He then w was employed the Missouri State ay the 
g the years 1933 an 
and up “1935, when was re- the St. Louis- San 
cisco Railway Company as Bridge Designer, with headquarters at Springfield, + 
‘Mo. Mr. Sayder ‘continued in this position, working principally on 
7" design of grade separation structures, until his health failed in June, 1937. 7 = 
_ He was a very popular young man, of pleasing personality, and his many a 
friends will regret his untimely passing. He was a member of the Sigma 7 
Nu Fraternity. He was not married. His nearest surviving relative is his 


grandmother, Mrs. L. S. Snyder, of Eldom, & 


 , Mr. ‘Snyder was elected a Junior of the American Society of Civil Engi-— 


*Memoir prepared by R. B. Hennessy, Bridge En St.  Louis- San Francisco Ry., 


Lawrence King Sny was was in Creek, Mo., on October 5, 1906. 
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